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Abstract
Aim  In 2022, in Italy, general practitioners (GPs) have been allowed to prescribe SGLT2i in Type 2 Diabetes (T2D) under 
National Health Service (NHS) reimbursement. In the pivotal clinical trial named DECLARE-TIMI 58, dapagliflozin reduced 
the risk of hospitalization for heart failure, CV death and kidney disease progression compared to placebo in a population 
of T2D patients. This study evaluated the health and economic impact of dapagliflozin for T2D patients who had or were at 
risk for atherosclerotic cardiovascular disease in the Italian GPs setting.
Methods  A budget impact model was developed to assess the health and economic impact of introducing dapagliflozin in 
GPs setting. The analysis was conducted by adopting the Italian NHS perspective and a 3-year time horizon. The model 
estimated and compared the health outcomes and direct medical costs associated with a scenario with dapagliflozin and other 
antidiabetic therapies available for GPs prescription (scenario B) and a scenario where only other antidiabetic therapies are 
available (scenario A). Rates of occurrence of cardiovascular and renal complications as well as adverse events were captured 
from DECLARE-TIMI 58 trial and the literature, while cost data were retrieved from the Italian tariff and the literature. 
One-way sensitivity analyses were conducted to test the impact of model parameters on the budget impact.
Results  The model estimated around 442.000 patients eligible for the treatment with dapagliflozin in the GPs setting for each 
simulated year. The scenario B compared to scenario A was associated with a reduction in the occurrence of cardiovascular 
and renal complication (−1.83%) over the 3 years simulated. Furthermore, the scenario A allowed for an overall cost saving 
of 102,692,305€: 14,521,464€ in the first year, 33,007,064€ in the second and 55,163,777€ in the third. The cost of cost of 
drug acquisition, the probability of cardiovascular events and the percentage of patients potentially eligible to the treatment 
were the factor with largest impact on the results.
Conclusions  The use of dapagliflozin in GPs setting reduce the number of CVD events, kidney disease progression and 
healthcare costs in Italy. These data should be considered to optimize the value produced for the T2D patients who had or 
were at risk for atherosclerotic cardiovascular disease.
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Introduction

Type 2 diabetes (T2D) is a chronic metabolic disorder char-
acterized by insulin resistance and eventual functional fail-
ure of pancreatic beta cells [1]. Over the last few decades, 

the prevalence of T2D has increased globally, rising from 3.9 
to 6.0% in men and from 3.5 to 5.0% in women in the period 
1990–2019 [2]. The worldwide incidence of the disease rises 
in parallel with age, peaking around 55–59 years [3]. Previ-
ous studies suggested a significant and ongoing increase in 
the prevalence and incidence of diabetes, projecting that by 
2035, approximately 590 million (1 out of 10 person) will be 
affected by this disease [4]. Factors such as rapid economic 
development, which can be considered a proxy for changes 
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in lifestyle habits (i.e., diet), have contributed to the rising 
burden of diabetes in many parts of the world [5].

This disease poses a substantial public health concern 
due to its impact on functional capacities and quality of life, 
leading to significant morbidity and premature mortality 
[6]. Diabetes also comes with a considerable economy bur-
den, encompassing both direct and indirect costs associated 
with reduced productivity due to mortality and morbidity 
linked with the disease [7]. Complications such as neuropa-
thy, renal disease, retinopathy, myocardial infarction and 
coronary artery disease are the major drivers of the costs 
associated with diabetes [7–10]. To this regard, diabetes is 
a leading cause of CVDs which, in turn, are leading cause 
of death and disability in these patients. In patients with dia-
betes, the risk of CVDs mortality has been estimated to be 
one–threefold higher in males and two–fivefold in females 
compared to individuals without diabetes [10–12].

Recent clinical trials of the glucose-lowering drug class 
of sodium–glucose co-transported-2 inhibitors (SGLT2is) 
have demonstrated benefits in preventing CVD events and 
kidney diseases progression in patients with T2D [13–17]. 
Findings from these trials showed a reduction in CV and 
renal outcomes in treated individuals compared to the stand-
ard of care (SoC) group [13–17]. The favorable benefit–risk 
profile of these treatments endorses the 2020 European 
Society of Cardiology guideline recommendations for the 
administration of SGLT2is as first-line therapy in patients 
with T2D and established CVD [18–20].

Dapagliflozin was the first drug from the SGLT2i class to 
reach the global market. In the pivotal randomized clinical 
trial DECLARE-TIMI 58, dapagliflozin reduced the risk of 
hospitalization for heart failure or CV death compared with 
placebo, as well as reducing kidney disease progression, in 
individuals who have or are at risk for atherosclerotic cardio-
vascular disease. These findings were also corroborated by 
several real-world studies [21–28]. To date, the DECLARE-
TIMI 58 trial is the longest, largest and broadest SGLT2i 
Cardiovascular Outcome Trial (CVOT), including both a 
high-risk, secondary prevention group with established CVD 
disease (i.e., heart failure) and a large primary prevention 
group [29]. While the safety and clinical efficacy of dapa-
gliflozin have been well described, the economic impact of 
this therapy in some countries (i.e., Italy) has been poorly 
investigated. Although previous studies have been con-
ducted to assess its cost-effectiveness [29–34], evidence on 
its budget impact on the healthcare system is still scant. Fur-
ther, in Italy, the possibility for general practitioners (GPs) 
to prescribe SGLT2i in T2D under National Health Service 
(NHS) reimbursement has been opened since 2022, under 
the recommendation issued by the Italian Medicine Agency 
(AIFA). Considering this new scenario, the aim of this study 
was to assess the health consequence and economic impact 
of dapagliflozin for T2D patients who had or were at risk 

for atherosclerotic cardiovascular disease in the Italian GPs 
setting.

Methods

Model overview

Following the guideline outlined by the International Society 
for Pharmacoeconomics and Outcomes Research (ISPOR) 
on “Principles of Good Practice for Budget Impact Analy-
sis,” a budget impact analysis (BIA) was conducted utilizing 
a model constructed in Microsoft Excel [35]. This model 
aimed to assess the impact of introducing dapagliflozin in 
the primary care setting for the treatment of T2D patients 
who had or were at risk for atherosclerotic cardiovascular 
disease in comparison with a scenario where only other anti-
diabetic therapies (GLP1 receptor agonists, DPP4 inhibitors, 
sulfonylureas and metformin) were available for prescription 
by GPs. The model is based on epidemiological data con-
cerning T2D patients meeting the eligibility criteria of the 
DECLARE-TIMI 58 trial and receiving treatment from GPs. 
Economic data input for the model encompassed the costs of 
hypoglycemic therapies, management of adverse events and 
handling cardiovascular and renal complications. Specifi-
cally, the model initially estimated the cost per patient within 
each treatment regimen, and this cost was then applied to 
the total number of patients treated with each therapeutic 
alternative included in the simulation, based on the entered 
market share. The model compared two scenarios: the sce-
nario without dapagliflozin (scenario A) with GLP1 recep-
tor agonists, DPP4 inhibitors, sulfonylureas and metformin 
available as treatment options, versus the counterfactual 
scenario in which dapagliflozin is available in the country 
within the other hypoglycemic therapies (Scenario B).

The analysis was conducted from the perspective of Ital-
ian NHS using a 3-year time horizon.

Population

The model population was determined through a two-step 
processes. Initially, the number of Italian diabetes cases was 
computed by multiplying the T2D prevalence rate (6.20%) 
within the Italian population with the total number of inhab-
itants in the country [36]. This calculation incorporated pop-
ulation data from 2023 and accounted for the anticipated 
demographic changes over the subsequent two years, as 
obtained from the DemoISTAT dataset (https://​demo.​istat.​
it/) (Table 1) [37].

Subsequently, as indicated in Table  1, the count of 
patients who met the eligibility criteria for enrollment 
in the DECLARE-TIMI 58 clinical trial treated by GPs 
was estimated by using The Health Improvement Network 
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(THIN) database (for more details see “THIN methods 
description” in Supplementary Material). Briefly, the 
THIN database gathers fully anonymized electronic 
medical records collected from GPs that have joined the 
THIN® network. The Italian database collects longitudi-
nal anonymized patient-level information on healthcare 
services reimbursed by the NHS, dispensed to around 1 
million active patients with a mean of around 9 years of 
clinical data history and registered with 550 Italian GPs, 
distributed over the whole country. Several published 
reports have demonstrated the representativeness of the 
collected information in terms of patients' demographics, 
the prevalence of chronic conditions and mortality rates 
[38, 39]. This estimation was accomplished by multiplying 
the number of diabetes affected individuals in Italy, for 
each studied year, by various prevalence factors, which 
included the prevalence of T2D in the Italian population 
with diabetes (87.50%), the proportion of T2D subjects 
treated by general practitioners (GPs) (50.0%) and the per-
centage of patients meeting the eligibility criteria for par-
ticipation in the DECLARE-TIMI 58 clinical trial (48.3%) 
(Table 1) [36, 40–42].

The target population was further defined by applying 
the prevalence of subjects undergoing treatment with anti-
diabetic medications (67.90%) and the prevalence of indi-
viduals not receiving insulin therapy (84.70%), estimated 
using the THIN database [42]. Consequently, the target 
population figures were determined to be 443,427 in the 
first year, 442,263 in the second year and 441,236 in the 
third years of the simulation (Table 1).

Treatments

Recently, the Italian Medicine Agency (AIFA) issued a reg-
ulatory note outlining prescription guidelines for SGLT2 
inhibitors in the GPs setting. The Italian Note serves as a 
tool to be employed by AIFA to ensure the appropriateness 
of medicines use, guide therapeutic choices toward effec-
tive and validated molecules, and regulate pharmaceutical 
expenditure. Specifically, NOTA 100 provides directives for 
GPs and NHS specialists authorized by the regions regarding 
the prescription of SGLT2i, GLP1 receptors agonists, DPP4 
inhibitors and other hypoglycemic therapies [43].

Aligned with the directive of NOTA AIFA, the present 
study considered the following therapeutic options: SGLT2i 
(i.e., dapagliflozin, canagliflozin, empagliflozin, ertugliflo-
zin), GLP1 receptor agonists (i.e., dulaglutide, exenatide 
LAR, liraglutide, lixisenatide, semaglutide oral and sema-
glutide subcutaneous), DPP4 inhibitors (i.e., alogliptin, 
linagliptin, saxagliptin, sitagliptin and vildagliptin), sulfo-
nylureas (i.e., gliclazide and glimepiride) and metformin. 
We used dapagliflozin as SGLT2i treatment to be consistent 
with the epidemiological and clinical data retrieved using 
the DECLARE-TIMI 58 trial patients’ characteristics and 
treatment effects.

Costs data

In accordance with the analysis perspective, the model 
incorporated only direct healthcare cost paid by the Ital-
ian NHS. These resources encompassed: drug acquisition 

Table 1   Number of patients eligible to the treatment during the study period

Year 1 Year 2 Year 3 References

Italian population 58,850,717 58,696,239 58,559,913 [37]
Prevalence of diabetes in Italy 6.20% 6.20% 6.20% [36]
Number of patients with diabetes in Italy 3,648,744 3,639,167 3,630,715
Prevalence of type 2 diabetes 87.50% 87.50% 87.50% [40]
Percentage of patients currently in treatment with general practitioners (GPs) 50.00% 50.00% 50.00% [41]
Number of patients currently treated with GPs 1,596,326 1,592,135 1,588,438
Percentage of patients who meet the criteria of the DECLARE-TIMI 58 study 48.30% 48.30% 48.30% [42]
Number of patients who meet the criteria of the DECLARE-TIMI 58 study 771,025 769,001 767,215
Percentage of patients who use antidiabetic drugs among patients with T2D eligible for the 

DECLARE-TIMI 58 study
67.90% 67.90% 67.90% [42]

Number of patients who use antidiabetic drugs among patients with T2D eligible for the 
DECLARE-TIMI 58 study

523,526 522,152 520,939

Percentage of patients who use antidiabetic drugs other than insulin among patients with 
T2D eligible for the DECLARE-TIMI 58 study

84.70% 84.70% 84.70% [42]

Number of patients who use antidiabetic drugs other than insulin among patients with T2D 
eligible for the DECLARE-TIMI 58 study

443,427 442,263 441,236
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costs; costs related to the management of cardiovascular and 
kidney complications; and costs associated with the manage-
ment of adverse events.

More specifically, the drug acquisition costs for each ther-
apy were computed as an annual expense by multiplying the 
unit cost by average dose administered over the course of 
1 year of treatment. The dose and treatment regimen for each 
therapy were obtained from the European public assessment 
report (EPAR) provided by the European Medicine Agency 
and by RCP as documented on the AIFA website. The ex-
factory price for package, net of statutory discount (−5%, 

followed by −5%) was considered, in compliance with 
legal requirements for each reimbursed drug. Table 2 shows 
the prices for each drug included in the analysis, obtained 
through reference to the Italian official gazettes or retrieved 
from the AIFA website—List of Drugs of class A and H 
[44]. For GLP1 receptor agonists, DPP4 inhibitors and sul-
fonylureas drug class, the model used an average price of the 
different products included in each class [45–53].

In the model, the costs related to the management of car-
diovascular and renal complications were computed by mul-
tiplying the costs of healthcare resources used to manage the 

Table 2   Treatments, complications and adverse event occurrence costs

* The monthly cost was estimated by considering the dosage included into the recommended Summary of Product or the average dosage used for 
the therapy

Treatment Costs

Cost per pack (ex-factory 
with statutory discount)

Number of 
posological units

Dose per unit Cost per month of 
treatment*

References

SGLT2i
Dapagliflozin 32.29 € 28 10 mg 35.10 € [45]
GLP1ra [46–49]
Dulaglitide 278.98€ 12 3 mg 101.09 €
Exenatride LAR 89.96 € 4 2 mg 97.79 €
Liraglutide 68.00 € 2 20 mcg 81.04 €
Semaglutide oral 119.81 € 30 14 mg 121.55 €
DPP4i [44, 50–52]
Alogliptin 33.85 € 28 25 mg 36.80 €
Linagliptin 37.51 € 28 5 mg 40.78 €
Saxagliptin 35.63 € 28 5 mg 38.73 €
Sitagliptin 15.78 € 28 100 mg 17.16 €
Vildagliptin 17.36 € 56 50 mg 18.88 €
Sulfonylureas [44]
Gliclazide 2.86 € 30 60 mg 5.81 €
Glimepiride 2.72 € 30 4 mg 2.76 €
Metformin* 3.39 € 60 500 mg 6.89 € [53]

Costs associated with the management of cardiovascular and renal complications

Annual costs References

Cardiovascular complications
Hospitalization for heart failure 4,898 € [54]
Myocardial infarction 11,137 € [55]
Ischemic stroke 10,058 € [56]
Renal complications
Decrease in eGFR by 40% 4,508 € [57]
ESRD 36,800 € [58]

Costs associated with adverse event occurrence

Major hypoglycemic event 685 € [61]
Diabetic ketoacidosis 2,529 € [62]
Amputation 7,698 € [63]
Genital infection 2,701 € [63]
Gastrointestinal event 3,484 € [63]
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specified events by the annual occurrence of each event for 
each line of treatment [54–58]. Specifically, the likelihood of 
cardiovascular events and kidney complications (i.e., heart 
failure, myocardial infarction and ischemic stroke, decrease 
in eGFR by 40% and end-stage renal disease) were estimated 
as follows:

(1) For dapagliflozin, events rate from the treatment arm 
of the DECLARE-TIMI 58 clinical [16];

(2) For GLP1ra, applying to dapagliflozin rates the odds 
ratios estimates from a recent meta-analysis comparing the 
efficacy of GLP1ra vs SGLT2i on cardiovascular events and 
kidney complications [59];

(3) for DPP4i class, sulfonylureas and metformin, data 
from the placebo arm of the DECLARE-TIMI 58 trial, con-
sidering their high prevalence of use in the placebo arm of 
the aforementioned trial [16] and the no efficacy showed 
in reducing cardiovascular events and kidney complications 
[16] (Table 3).

For renal complications rates, the DECLARE-TIMI 58 
trial [16] reported a composite outcome, encompassing a 
40% reduction in the estimated glomerular filtration rate 
(eGFR), end-stage renal disease (ESRD) and death due to 
renal causes; to estimate the single event rate, these data 
were adjusted by utilizing the annual probability of each 
event as reported in a previous study [60]. The costs asso-
ciated with the management of the CV events and kidney 
complications were based on data reported in the literature 
(Table 2) [54–58].

The model included also the cost associated with the fol-
lowing serious adverse events: major hypoglycemic events, 
severe gastrointestinal events, diabetic ketoacidosis, ampu-
tations and genital infections. The annual costs associated 
with their management was computed by multiplying the 
number of events in each year of the simulation, for each 
study treatment, by the cost of healthcare resources used 

(Supplementary Table 1) [61–63]. The annual probability 
of adverse drug reactions (ADRs) occurrence for dapagli-
flozin was based on data reported in the DECLARE-TIMI 
58 trial: The annual probability was based on the percent-
age of ADR occurrence and the duration of follow-up in the 
treated group [16]. Similarly, annual probability of ADR 
for DPP4i, sulfonylureas and metformin was based on data 
from the placebo arm in the DECLARE-TIMI 58 trial [16]. 
The annual probability of ADR in the GLP1ra group was 
based on data reported in a recent meta-analysis [59] (Sup-
plementary Table 1).

Market shares

The market shares for all drugs included in the scenario A, 
without dapagliflozin, were retrieved from a recent market 
research study conducted by using the THIN database. The 
availability of dapagliflozin, used as proxy of SGLT2i, was 
assumed to lead to a redistribution of the market shares of 
other hypoglycemic therapies, which was captured in the 
scenario B (Supplementary Table 2). The variation in market 
shares was estimated through reasonable forecasts based on 
the market shares present in scenario A of the BIA (Sup-
plementary Table 2). Specifically, in the model, over the 
3-year time frame, the conditional probability of receiving 
dapagliflozin increased from 13.5% in the first year to 19.5% 
in the third year, resulting in a reduction in market shares for 
other antidiabetics (Supplementary Table 2).

Statistical analysis

Through a comparison of the two scenarios simulated by 
the model, the health and economic consequences of intro-
ducing dapagliflozin were estimated, assessing the num-
ber of CV events and kidney progression and the costs 

Table 3   Probability of cardiovascular and renal complications for the drugs included in the model

* 85% Decrease in eGFR by 40 and 14% ESRD [60]
** ORs assessed comparing GLP1 versus SGLT2

DPP4, Sulfonylureas e Met-
formin [16]

Dapagliflozin [16] GLP1 [59]

Rate per 
1000 pt year

Prob. yearly Rate per 
1000 pt year

Prob. yearly OR** (95% CI) Prob. yearly

Cardiovascular outcomes
Hospitalization for heart failure 8.5 0.0084 6.2 0.0062 1.34 (1.17–1.54) 0.0083
Myocardial infarction 13.2 0.0131 11.7 0.0116 1.05 (0.93–1.19) 0.0122
Ischemic stroke 6.8 0.0067 6.9 0.0069 0.83 (0.71–0.98) 0.0057
Renal outcomes
Overall* 7.00 0.0069 3.7 0.0037 – –
Decrease in eGFR by 40% 5.95 0.0059 3.145 0.0031 1.10 (0.83.1.45) 0.0035
ESRD 0.98 0.0009 0.518 0.0005 1.10 (0.83.1.45) 0.0005
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associated with managing complications, adverse events 
and treatment. The outcomes were expressed as number 
of each CV events and kidney outcomes included in the 
model and as Euros (€) per year and presented both in 
aggregate and categorized by the respective cost compo-
nents and treatment.

To assess the robustness of our study, a one-way sensi-
tivity analysis was conducted. Specifically, the impact of 
each parameter included in the model was assessed. An 
iterative replacement approach of individual model input, 
by using their ± 10% change while holding other inputs 
constants, was performed. Subsequently, the resulting set 
of sensitivity analyses was ranked by the absolute magni-
tude of deviation from the base case to assess which input 
parameter most significantly affected the results.

Results

Population

Figure 1 reports the number of individuals diagnosed with 
T2D potentially eligible for the study treatment over the 
3-year simulation period. Specifically, the estimated num-
ber of patients during the 3-year time frame was 443,427, 
442,263 and 441,236 in the first, second and third year, 
respectively. As depicted in Fig. 1, in the scenario B (with 
dapagliflozin) the number of treated subjects increased 
from 60,081 in the first year to 86,090 in the third year. 
Furthermore, since an increase in the use of GLP1ra was 
simulated in the scenario without dapagliflozin, the avail-
ability of dapagliflozin resulted in a more pronounced 
reduction in the number of individuals treated with 
GLP1ra during the second and third years.

Health/clinical impact

The clinical complications commonly observed in 
patients with diabetes, as included in the model (i.e., HF, 
myocardial infarctions, reduction of eGFR and ESRD), 
were averted when dapagliflozin was used instead of 
other hypoglycemic therapies (Table 4). The utilization 
of dapagliflozin resulted in an overall reduction of cardio-
vascular and renal complications by over 800 cases over 
the 3-year period, corresponding to a decrease of −1.82% 
in the occurrence of cardiovascular complication com-
pared to the scenario without dapagliflozin. Specifically, 
the use of dapagliflozin was associated with a reduction 
of −4.43% in hospitalization for HF, −1.17% in myo-
cardial infarction events, −3.89% in eGFR by 40% and 
−3.89% in ESRD. Conversely, an increase of 1.94% in 
the occurrence of ischemic stroke was observed (Table 4).

Budget impact

The use of dapagliflozin yielded an overall budget reduc-
tion exceeding €102 million over the 3-year period, cor-
responding to a percentage decrease of −11.9% compared 
to the budget impact in the scenario without dapagliflozin. 
The availability of dapagliflozin resulted in a cost saving of 
€14,521,464, €33,007,074 and €55,163,777 during the first, 
second and third years of simulation, respectively (Table 5). 
The primary drivers of the budget impact were drug costs, 
followed by the management of adverse event and cardio-
vascular/renal complications. Detailed annual costs for each 
treatment in the two scenarios are provided in Supplemen-
tary Table 3.

One-way deterministic sensitivity analysis results are 
reported in Fig. 2. The cost of drug acquisition, the prob-
ability of cardiovascular events (i.e., myocardial infarction 

Fig. 1   Number of treated 
individuals with each therapy 
within the scenario without 
dapagliflozin (Scenario A) and 
the scenario with dapagliflozin 
(scenario B)
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Table 4   Health impact of introducing dapagliflozin in the Italian market

Number of event Year 1 Year 2 Year 3 Overall
Scenario without dapagliflozin

Hospitalization for HF 3,738 3,725 3,713 11,176
Myocardial infarctions 5,738 5,708 5,677 17,123
Ischemic stroke 2,914 2,888 2,860 8,662
eGFR by 40% 2,420 2,372 2,316 7,108
ESRD 400 392 382 1,174
Total 15,210 15,085 14,948 45,243

Scenario with dapagliflozin

hospitalization for HF 3,605 3,569 3,528 10,702
myocardial infarctions 5,673 5,642 5,610 16,925
ischemic stroke 2,948 2,944 2,941 8,833
eGFR by 40% 2,317 2,282 2,243 6,842
ESRD 383 3,77 370 1,130
Total 14,814 14,692 14,814 44,432

Change between the scenario with dapagliflozin and the scenario without dapagliflozin

hospitalization for HF − 133 − 156 − 185 − 474
myocardial infarctions − 65 − 66 − 67 − 198
ischemic stroke 34 56 81 171
eGFR by 40% − 103 − 90 − 73 − 266
ESRD − 17 − 15 − 12 − 44
Number of total event − 284 − 271 − 256 − 811
Total change (%) − 1.9 − 1.8 − 1.7 − 1.8

Table 5   Budget impact result scenario with dapagliflozin (scenario B) versus scenario without dapagliflozin (scenario A)

Year 1 Year 2 Year 3 Overall
Scenario without dapagliflozin

Overall € 301,677,535 € 320,321,896 € 342,847,243 € 964,846,674
Treatments € 143,572,673 € 161,635,040 € 183,335,321 € 488,543,034
Complications management € 137,141,265 € 135,969,663 € 134,682,185 € 407,793,113
Adverse event management € 20,963,597 € 22,717,193 € 24,829,738 € 68,510,528

Scenario with dapagliflozin

Overall € 287,156,071 € 287,314,832 € 287,683,466 € 862,154,369
Treatments € 133,504,833 € 134,759,839 € 136,315,417 € 404,580,089
Complications management € 135,013,030 € 134,074,985 € 133,067,317 € 402,155,332
Adverse event management € 18,638,208 € 18,480,008 € 18,300,732 € 55,418,949

Change between the scenario with dapagliflozin and the scenario without dapagliflozin

Overall −€ 14,521,464 −€ 33,007,064 −€ 55,163,777 −€ 102,692,305
Treatments −€ 10,067,840 −€ 26,875,201 −€ 47,019,904 −€ 83,962,945
Complications management −€ 2,128,235 −€ 1,894,678 −€ 1,614,868 −€ 5,637,781
Adverse event management −€ 2,325,389 −€ 4,237,185 −€ 6,529,006 −€ 13,091,579
Total change (%) − 5.06 − 11.49 − 19.18 − 11.91
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and ischemic stroke) and the percentage of patients poten-
tially eligible to the treatment were the factors with largest 
impact on the results.

Discussion

The study, for the first time, attempted to analyze the 
affordability of dapagliflozin compared to other hypogly-
cemic therapies, adopting the perspective of the Italian 
NHS and the GP setting. The findings suggested that the 
use of dapagliflozin resulted in an overall budget saving 
of €102,692,305 and a reduction in the occurrence of car-
diovascular events and kidney diseases progression over 
3 years.

The cost savings associated with dapagliflozin increased 
during the observed period, from €14 million in the first 
year to €55 million in the last. The positive impact of dapa-
gliflozin use was primarily attributed to reductions in drug 
cost. Notably, the most significant impact on treatment costs 
was observed against the GLP1ra treatment. This could be 
attributed to the model’s assumption that in the absence 
of dapagliflozin, the GLP1ra could show an increased use 
over the time horizon. This is because GLP1ra as well as 
SGLT2is demonstrated efficacy in improving cardiovascular 
and renal outcome in patients with T2D with or at high risk 
for cardiovascular disease [64]. Furthermore, dapagliflozin 
is the only SGLT2is that showed a significant risk reduction 
in all-cause mortality in CKD and heart failure by 31 and 
17%, respectively [65, 66]. Consequently, the availability 
of dapagliflozin could lead to a switch from patients treated 
with GLP1ra, especially during the second and third years 
due to the improvement in clinical and economic outcomes.

Regarding cardiovascular and renal complications, 
the scenario with dapagliflozin resulted in a reduction of 
−1.85% in the occurrence of these events with a more pro-
nounced reduction for hospitalization for HF, eGFR by 40% 
and ESRD. These results were in line with those reported 

in the pivotal clinical trial [16], where dapagliflozin dem-
onstrated a reduction in the risk of cardiovascular events, 
hospitalization for heart failure and progression of renal dis-
ease in diabetic patients, both with and without established 
cardiovascular disease [16].

Previous health economic evaluations indicated that 
dapagliflozin was a cost-effective treatment compared with 
other hypoglycemic options [67, 68]. This was particularly 
evident in high-risk patients with T2D, where dapagli-
flozin was associated with a reduction in the occurrence 
of cardiovascular events compared with other treatments 
[67]. Similar positive results were reported by Schoon-
hoven and colleagues, demonstrating cost-effectiveness of 
SGLT2i in T2D [68]. To the best of our knowledge this 
is the first study conducted to assess the budget impact of 
dapagliflozin compared with other hypoglycemic thera-
pies in a European setting. Prior BIA involving another 
SGLT2i, empagliflozin, has indicated a cost-saving profile 
reporting a reduction of costs and CV events compare to 
standard of care [69–72]. It is crucial to note that this 
study mainly compares SGLT2i with a standard of care 
without specifically categorizing the alternative treatment 
within the main drug class, including GLP1ra, as done 
in our analysis, and only one was performed from Ital-
ian NHS perspective and limited prior to the “Nota 100” 
introduction.

In our study, we demonstrated that the use of dapagli-
flozin in the setting of primary care could lead to a budget 
reduction while improving the clinical outcome. Consider-
ing that dapagliflozin can be used for patients who had or 
were at risk for atherosclerotic cardiovascular disease, it 
represents an opportunity for the healthcare system. Given 
the high costs associated with treating people with comor-
bidities, the value of delaying disease progression and the 
development of HF and CKD offer a significant opportunity 
to avoid the cascade of costs associated with treating these 
comorbidities. Notably, a recent analysis using synthesized 
evidence from CVOTs and observational data demonstrated 

Fig. 2   One-way sensitiv-
ity analysis. % = percentage; 
MI = myocardial infarction; 
IS = ischemic stroke; HF = heart 
failure; ESRD = end-stage renal 
disease; CKD = chronic kidney 
disease
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that SGLT2i, as a class, was cost-effective and often cost 
saving when compared to other therapies [29, 67]. The pre-
sent economic analysis utilized data from DECLARE-TIMI 
58 in isolation, considering the full spectrum of patients with 
the potential to benefit from dapagliflozin treatment.

This study has strengths and limitation. The main strength 
is that this is the first health and budget impact analysis of 
dapagliflozin compared with other hypoglycemic therapies, 
including GLP1ra drug class. Secondly, the study estimates 
direct medical costs of hypoglycemic therapies, CV events 
and management, as well as the budget impact of dapagliflo-
zin as monotherapy in T2D patients with and without estab-
lished cardiovascular events. Third, the study used data from 
DECLARE-TIMI 58 trial, that is to date the longest, largest 
and broadest SGLT2i CVOT, including both a high-risk, 
secondary prevention group with established CVD disease 
and a large primary prevention group [29]. Finally, the study 
benefits from data retrieved from an analysis conducted by 
THIN database, offering insights into the number of patients 
under the care of GPs and characteristics of patients, along 
with treatment pattern that can be considered as representa-
tive of Italian GPs setting.

As with all modeling analysis, this analysis has limita-
tions which should be considered when interpreting the 
results. First, given that the BIA relied on the projected uti-
lization rate of dapagliflozin, as indicated by the scenario 
analyses, the findings may not be generalizable to population 
with different adoption rates of the drug. Additionally, the 
analysis used wholesale acquisition costs (WAC) for drug 
acquisition without accounting for undisclosed discount, 
which are typically not publicly available and can vary sub-
stantially. To address these limitations, scenario analyses 
were conducted by varying the projected utilization rates of 
dapagliflozin and the drug acquisition cost for dapagliflozin. 
The findings corroborated those obtained in the main analy-
sis. In this regard, in the analysis we used the ex-factory 
price following the recommendation by AIFA guideline 
for economic evaluation [73]. However, it should be noted 
that drug prices may have a confidential discount negoti-
ated at national level between AIFA and the pharmaceutical 
company which must be applied to any regional or local 
purchase. This might result in potential lower price due to 
undisclosed discounts or tenders. Therefore, it is reasonable 
to speculate that if an additional discount were applied to the 
analysis the positive economic impact of the drugs might 
increase. In addition, in the model we included only dapa-
gliflozin as a proxy of the entire SGLT2i class. Therefore, 
the findings may not be generalizable to other SGLT2is. In 
this context, it should be noted that, although with differ-
ences, all the SGLT2is showed a positive benefit–risk profile 
highlighting a beneficial effect as a class. Nevertheless, the 
positive effect of SGLT2is, especially for dapagliflozin [65, 
66], on different endpoints was observed in T2D patients but 

also in other population such as patients with HF or CKD 
[17, 74–76] where dapagliflozin is the only SGLT2is that 
showed a significant risk reduction in all-cause mortality 
in patients with CKD and heart failure by 31% and 17%, 
respectively [65, 66]. In this study, we used dapagliflozin 
as SGLT2i treatment to be in line with the epidemiological 
and clinical data retrieved using the DECLARE-TIMI 58 
trial patients’ characteristics and treatment effects. Based 
on the use of patients’ eligible criteria from DECLARE-
TIMI 58 trial that are different to other CVOTs, the utiliza-
tion of dapagliflozin is more appropriate than generalizing 
its application to the entire class of SGLT2i. Additionally, 
considering the cardiovascular and renal outcomes from 
the DECLARE-TIMI 58 trial, which is the longest, largest 
and most comprehensive CVOT for SGLT2i to date, further 
strengthens the appropriateness of dapagliflozin usage. In 
addition, the absence in the literature, of direct and reli-
able indirect comparison of different SGLT2i drugs in terms 
of efficacy and safety made difficult to make an analysis 
including all of them. Future studies should be performed 
to generate indirect comparison between SGLT2is in terms 
of efficacy and safety to incorporate these findings into new 
health economic models. Finally, in the model the clini-
cal impact of hypoglycemic therapies, especially GLP1ra 
and SGLT2is, on BMI and related economic value was not 
considered. However, it should be noted that national and 
international guidelines recommend the use of different 
hypoglycemic therapies according with the disease sever-
ity regardless the weight of the patient [18–20, 43]. In this 
context, future studies should be conducted to evaluate the 
economic impact of GLP1ra and SGLT2is against each other 
and other hypoglycemic therapies in T2D patients consider-
ing also their effect on BMI [77, 78]. These types of studies 
might generate new evidence useful for clinicians and stake-
holders to personalize the hypoglycemic therapies according 
with the patients’ characteristics.

Conclusion

The study findings reveal that the availability of dapagliflo-
zin in the GP setting in Italy could result in reduced total 
costs and a reduction in the CV and renal complications in 
patients with T2D who had or were at risk for atheroscle-
rotic cardiovascular disease. The adoption of dapagliflozin in 
primary care as a consequence of the GPs opening can lead 
to an improvement from the clinical and economic point of 
view, and these data should help healthcare decision mak-
ers to optimize the value produced for the treatment and 
management of T2D patients who had or were at risk for 
atherosclerotic cardiovascular disease.



1026	 Acta Diabetologica (2024) 61:1017–1028

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00592-​024-​02276-3.

Author contributions  ICA, PAC, MG, SM and LGM were involved in 
conceptualization. ICA and PAC were responsible for methodology, 
data curation and data analysis. ICA, PAC and LGM assisted with 
writing—original draft preparation. All authors contributed to writ-
ing—reviewing and editing. All authors have read and agreed to the 
published version of the manuscript.

Funding  Open access funding provided by Università degli Studi di 
Milano - Bicocca within the CRUI-CARE Agreement. The study was 
supported by AstraZeneca SpA.

Data availability  The budget impact model structure and the data 
sources analyzed during the current study are available from the cor-
responding author on reasonable request. All data used to construct 
the model from both primary and secondary sources have also been 
presented within this manuscript.

Declarations 

Conflict of interest  I.C.A. declares no conflicts of interest. P. A. C. 
has received a research grant from Baxalta, now part of Shire, and 
speaking honoraria from Pfizer and Roche. E.Z and P.P are employees 
of Cegedim Srl, which is a private company that performs financially 
supported studies for several pharmaceutical companies. M.G., S.M., 
M.D.A., are employees of AstraZeneca. G.M reports received grants 
from CLS Behring for consultancy outside this work. L. G. M. has re-
ceived grants and personal fees from Bayer AG, Boehringer Ingelheim, 
Pfizer and Daiichi-Sankyo.

Ethical statement  Ethical approval is not required for simulation-based 
studies in the present study’s jurisdiction.

Informed consent  Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Kahn SE, Cooper ME, Del Prato S (2014) Pathophysiology and 
treatment of type 2 diabetes: perspectives on the past, present, and 
future. Lancet 383:1068–1083. https://​doi.​org/​10.​1016/​S0140-​
6736(13)​62154-6

	 2.	 Tinajero MG, Malik VS (2021) An update on the epidemiology 
of type 2 diabetes: a global perspective. Endocrinol Metab Clin 
North Am 50:337–355. https://​doi.​org/​10.​1016/j.​ecl.​2021.​05.​013

	 3.	 Khan A, Shang N, Nestor JG et al (2023) Polygenic risk affects 
the penetrance of monogenic kidney disease. Medrxiv. https://​doi.​
org/​10.​1101/​2023.​05.​07.​23289​614

	 4.	 Kharroubi AT, Darwish HM (2015) Diabetes mellitus: the epi-
demic of the century. World J Diabetes 6:850–867. https://​doi.​
org/​10.​4239/​wjd.​v6.​i6.​850

	 5.	 Onyango EM, Onyango BM (2018) The rise of noncommunicable 
diseases in Kenya: an examination of the time trends and contri-
bution of the changes in diet and physical inactivity. J Epidemiol 
Glob Health 8:1–7. https://​doi.​org/​10.​2991/j.​jegh.​2017.​11.​004

	 6.	 Ramtahal R, Khan C, Maharaj-Khan K et al (2015) Prevalence 
of self-reported sleep duration and sleep habits in type 2 diabetes 
patients in South Trinidad. J Epidemiol Glob Health 5:S35-43. 
https://​doi.​org/​10.​1016/j.​jegh.​2015.​05.​003

	 7.	 American Diabetes Association (2018) 4. lifestyle manage-
ment: standards of medical care in diabetes-2018. Diabetes Care 
41:S38–S50. https://​doi.​org/​10.​2337/​dc18-​S004

	 8.	 Bahia LR, Araujo DV, Schaan BD et al (2011) The costs of type 
2 diabetes mellitus outpatient care in the Brazilian public health 
system. Value Health 14:S137-140. https://​doi.​org/​10.​1016/j.​jval.​
2011.​05.​009

	 9.	 Ferreira R, Colugnati F (2021) Monitoring chronic kidney disease 
evolution using frailty models. Int J Epidemiol 50:i51–i52. https://​
doi.​org/​10.​1093/​ije/​dyab1​68.​139

	10.	 Sharma A, Mittal S, Aggarwal R, Chauhan MK (2020) Diabetes 
and cardiovascular disease: inter-relation of risk factors and 
treatment. Future J Pharm Sci 6:130. https://​doi.​org/​10.​1186/​
s43094-​020-​00151-w

	11.	 Russo GT, Baggio G, Rossi MC, Kautzky-Willer A (2015) Type 
2 diabetes and cardiovascular risk in women. Int J Endocrinol 
2015:832484. https://​doi.​org/​10.​1155/​2015/​832484

	12.	 Schmidt AM (2019) Diabetes mellitus and cardiovascular dis-
ease. Arterioscler Thromb Vasc Biol 39:558–568. https://​doi.​
org/​10.​1161/​ATVBA​HA.​119.​310961

	13.	 Cannon CP, McGuire DK, Pratley R et al (2018) Design and 
baseline characteristics of the eValuation of ERTugliflozin effI-
cacy and safety cardiovascular outcomes trial (vertis-CV). Am 
Heart J 206:11–23. https://​doi.​org/​10.​1016/j.​ahj.​2018.​08.​016

	14.	 Neal B, Perkovic V, Mahaffey KW et al (2017) Canagliflozin 
and cardiovascular and renal events in type 2 diabetes. N Engl 
J Med 377:644–657. https://​doi.​org/​10.​1056/​NEJMo​a1611​925

	15.	 Zinman B, Wanner C, Lachin JM et al (2015) Empagliflozin, 
cardiovascular outcomes, and mortality in type 2 diabetes. N 
Engl J Med 373:2117–2128. https://​doi.​org/​10.​1056/​NEJMo​
a1504​720

	16.	 Wiviott SD, Raz I, Bonaca MP et al (2019) Dapagliflozin and car-
diovascular outcomes in type 2 diabetes. N Engl J Med 380:347–
357. https://​doi.​org/​10.​1056/​NEJMo​a1812​389

	17.	 Zelniker TA, Wiviott SD, Raz I et al (2019) SGLT2 inhibitors for 
primary and secondary prevention of cardiovascular and renal out-
comes in type 2 diabetes: a systematic review and meta-analysis 
of cardiovascular outcome trials. Lancet 393:31–39. https://​doi.​
org/​10.​1016/​S0140-​6736(18)​32590-X

	18.	 Marx N, Federici M, Schütt K et al (2023) 2023 ESC guidelines 
for the management of cardiovascular disease in patients with 
diabetes. Eur Heart J 44:4043–4140. https://​doi.​org/​10.​1093/​eurhe​
artj/​ehad1​92

	19.	 Rossing P, Caramori ML, Chan JCN et al (2022) Executive sum-
mary of the KDIGO 2022 clinical practice guideline for diabetes 
management in chronic kidney disease: an update based on rapidly 
emerging new evidence. Kidney Int 102:990–999. https://​doi.​org/​
10.​1016/j.​kint.​2022.​06.​013

	20.	 American Diabetes Association Professional Practice Committee 
(2024) Summary of revisions: standards of care in diabetes-2024. 
Diabetes Care 47:S5–S10. https://​doi.​org/​10.​2337/​dc24-​SREV

	21.	 Birkeland KI, Jørgensen ME, Carstensen B et al (2017) Cardio-
vascular mortality and morbidity in patients with type 2 diabetes 
following initiation of sodium-glucose co-transporter-2 inhibitors 
versus other glucose-lowering drugs (CVD-REAL Nordic): a 

https://doi.org/10.1007/s00592-024-02276-3
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(13)62154-6
https://doi.org/10.1016/S0140-6736(13)62154-6
https://doi.org/10.1016/j.ecl.2021.05.013
https://doi.org/10.1101/2023.05.07.23289614
https://doi.org/10.1101/2023.05.07.23289614
https://doi.org/10.4239/wjd.v6.i6.850
https://doi.org/10.4239/wjd.v6.i6.850
https://doi.org/10.2991/j.jegh.2017.11.004
https://doi.org/10.1016/j.jegh.2015.05.003
https://doi.org/10.2337/dc18-S004
https://doi.org/10.1016/j.jval.2011.05.009
https://doi.org/10.1016/j.jval.2011.05.009
https://doi.org/10.1093/ije/dyab168.139
https://doi.org/10.1093/ije/dyab168.139
https://doi.org/10.1186/s43094-020-00151-w
https://doi.org/10.1186/s43094-020-00151-w
https://doi.org/10.1155/2015/832484
https://doi.org/10.1161/ATVBAHA.119.310961
https://doi.org/10.1161/ATVBAHA.119.310961
https://doi.org/10.1016/j.ahj.2018.08.016
https://doi.org/10.1056/NEJMoa1611925
https://doi.org/10.1056/NEJMoa1504720
https://doi.org/10.1056/NEJMoa1504720
https://doi.org/10.1056/NEJMoa1812389
https://doi.org/10.1016/S0140-6736(18)32590-X
https://doi.org/10.1016/S0140-6736(18)32590-X
https://doi.org/10.1093/eurheartj/ehad192
https://doi.org/10.1093/eurheartj/ehad192
https://doi.org/10.1016/j.kint.2022.06.013
https://doi.org/10.1016/j.kint.2022.06.013
https://doi.org/10.2337/dc24-SREV


1027Acta Diabetologica (2024) 61:1017–1028	

multinational observational analysis. Lancet Diabetes Endocrinol 
5:709–717. https://​doi.​org/​10.​1016/​S2213-​8587(17)​30258-9

	22.	 Norhammar A, Bodegård J, Nyström T et al (2019) Dapagliflozin 
and cardiovascular mortality and disease outcomes in a popu-
lation with type 2 diabetes similar to that of the declare-TIMI 
58 trial: a nationwide observational study. Diabetes Obes Metab 
21:1136–1145. https://​doi.​org/​10.​1111/​dom.​13627

	23.	 Persson F, Nyström T, Jørgensen ME et al (2018) Dapagliflozin is 
associated with lower risk of cardiovascular events and all-cause 
mortality in people with type 2 diabetes (CVD-REAL Nordic) 
when compared with dipeptidyl peptidase-4 inhibitor therapy: a 
multinational observational study. Diabetes Obes Metab 20:344–
351. https://​doi.​org/​10.​1111/​dom.​13077

	24.	 Furtado RHM, Bonaca MP, Raz I et al (2019) Dapagliflozin and 
cardiovascular outcomes in patients with type 2 diabetes mellitus 
and previous myocardial infarction. Circulation 139:2516–2527. 
https://​doi.​org/​10.​1161/​CIRCU​LATIO​NAHA.​119.​039996

	25.	 Kato ET, Silverman MG, Mosenzon O et al (2019) Effect of dapa-
gliflozin on heart failure and mortality in type 2 diabetes melli-
tus. Circulation 139:2528–2536. https://​doi.​org/​10.​1161/​CIRCU​
LATIO​NAHA.​119.​040130

	26.	 Viswanathan V, Singh KP (2019) Use of dapagliflozin in the man-
agement of type 2 diabetes mellitus: a real-world evidence study 
in Indian patients (forefront). Diabetes Technol Ther 21:415–422. 
https://​doi.​org/​10.​1089/​dia.​2019.​0052

	27	 Sethi B, Sahay R, Tiwaskar M et al (2023) Effectiveness of dapa-
gliflozin as add-on to metformin with or without other oral anti-
diabetic drugs in type 2 diabetes mellitus: a multicentre, retro-
spective, real-world database study. Drugs Real World Outcomes. 
https://​doi.​org/​10.​1007/​s40801-​023-​00398-8

	28.	 Fadini GP, Morales C, Caballero I et al (2022) Efficacy of dapa-
gliflozin in southern Europe across the spectrum of characteristics 
of type 2 diabetes: an international real-world analysis. Diabetes 
Metab Syndr Obes 15:3533–3541. https://​doi.​org/​10.​2147/​DMSO.​
S3900​75

	29.	 McEwan P, Morgan AR, Boyce R et al (2021) The cost-effec-
tiveness of dapagliflozin in treating high-risk patients with type 
2 diabetes mellitus: an economic evaluation using data from 
the declare-TIMI 58 trial. Diabetes Obes Metab 23:1020–1029. 
https://​doi.​org/​10.​1111/​dom.​14308

	30.	 Parizo JT, Goldhaber-Fiebert JD, Salomon JA et al (2021) Cost-
effectiveness of dapagliflozin for treatment of patients with heart 
failure with reduced ejection fraction. JAMA Cardiol 6:926–935. 
https://​doi.​org/​10.​1001/​jamac​ardio.​2021.​1437

	31.	 Rane A, Nechi RN, Imam M et al (2023) Comparative value of 
dapagliflozin vs empagliflozin in patients with heart failure and 
preserved ejection fraction: a cost-effectiveness analysis. J Manag 
Care Spec Pharm 29:1045–1053. https://​doi.​org/​10.​18553/​jmcp.​
2023.​29.9.​1045

	32.	 Nechi RN, Rane A, Karaye RM et al (2023) Cost-effectiveness 
of dapagliflozin vs empagliflozin for treating heart failure with 
reduced ejection fraction in the United States. Clin Ther 45:627–
632. https://​doi.​org/​10.​1016/j.​clint​hera.​2023.​05.​002

	33.	 Isaza N, Calvachi P, Raber I et al (2021) Cost-effectiveness of 
dapagliflozin for the treatment of heart failure with reduced ejec-
tion fraction. JAMA Netw Open 4:e2114501. https://​doi.​org/​10.​
1001/​jaman​etwor​kopen.​2021.​14501

	34.	 Nguyen B-N, Mital S, Bugden S, Nguyen HV (2023) Cost-effec-
tiveness of dapagliflozin and empagliflozin for treatment of heart 
failure with reduced ejection fraction. Int J Cardiol 376:83–89. 
https://​doi.​org/​10.​1016/j.​ijcard.​2023.​01.​080

	35.	 Briggs AH, Weinstein MC, Fenwick EAL et al (2012) Model 
parameter estimation and uncertainty analysis: a report of the 
ISPOR-SMDM modeling good research practices task force work-
ing group-6. Med Decis Making 32:722–732. https://​doi.​org/​10.​
1177/​02729​89X12​458348

	36.	 Salute della M, Relazione al Parlamento (2021) sullo stato delle 
conoscenze e delle nuove acquisizioni in tema di diabete mel-
lito - Legge 16 marzo 1987, n. 115, recante Disposizioni per la 
prevenzione e la cura del diabete mellito

	37.	 Istituto Nazionale di Statistica - Demo ISTAT​
	38.	 Blak BT, Thompson M, Dattani H, Bourke A (2011) Generalis-

ability of The Health Improvement Network (THIN) database: 
demographics, chronic disease prevalence and mortality rates. 
Inform Prim Care 19:251–255. https://​doi.​org/​10.​14236/​jhi.​v19i4.​
820

	39.	 Schrag A, Horsfall L, Walters K et al (2015) Prediagnostic pres-
entations of Parkinson’s disease in primary care: a case-control 
study. Lancet Neurol 14:57–64. https://​doi.​org/​10.​1016/​S1474-​
4422(14)​70287-X

	40.	 Bonora E (2022) La pandemia diabete in Italia. L’ndocrinologo 
23:337–344. https://​doi.​org/​10.​1007/​s40619-​022-​01130-4

	41.	 Cura Del Diabete E Mmg: un attore chiave del processo di cura 
con le armi spuntate. In: Motoresanità.it. https://​motor​esani​ta.​it/​
eventi/​cura-​del-​diabe​te-e-​mmg-​un-​attore-​chiave-​del-​proce​sso-​di-​
cura-​con-​le-​armi-​spunt​ate/. Accessed 28 Dec 2023

	42.	 The Health Improvement Network (THIN). THIN data on file
	43.	 Italian Medicine Agency (AIFA) Nota 100. URL: https://​www.​

aifa.​gov.​it/​en/​nota-​100
	44.	 Agenzia Italiana del Farmaco (AIFA). URL: https://​www.​aifa.​

gov.​it/
	45.	 Gazzetta Ufficiale della Repubblica Italiana - n. 17 21/1/2023. 

URL: https://​www.​gazze​ttauf​fi cia​le.​it/​eli/​gu/​2023/​01/​21/​17/​sg/​
pdf

	46.	 Gazzetta Ufficiale della Republica Italiana - n. 213 06/09/2021. 
URL: https://​www.​gazze​ttauf​fi cia​le.​it/​gazze​tta/​serie_​gener​ale/​
caric​aDett​aglio?​dataP​ubbli​cazio​neGaz​zetta=​2021-​09-​06&​numer​
oGazz​etta=​213

	47.	 Gazzetta Ufficiale della Repubblica Italiana - n. 249 23/10/2019. 
URL: https://​www.​gazze​ttauf​fi cia​le.​it/​eli/​gu/​2019/​10/​23/​249/​sg/​
pdf

	48.	 Gazzetta ufficiale della Repubblica Italiana - n. 53 04/03/2022. 
URL: https://​www.​gazze​ttauf​fi cia​le.​it/​eli/​gu/​2022/​03/​04/​53/​sg/​pdf

	49.	 Gazzetta Ufficiale della Repubblica Italiana - n. 179 28/7/2021. 
URL: https://​www.​gazze​ttauf​fi cia​le.​it/​eli/​gu/​2021/​07/​28/​179/​sg/​
pdf

	50.	 Gazzetta Ufficiale della Repubblica Italiana - n. 201 30/8/2014. 
URL: https://​www.​gazze​ttauf​fi cia​le.​it/​gazze​tta/​serie_​gener​ale/​
caric​aDett​aglio?​dataP​ubbli​cazio​neGaz​zetta=​2014-​08-​30&​numer​
oGazz​etta=​201

	51.	 Gazzetta ufficiale della Repubblica Italiana - n. 273 21/11/2013. 
URL: https://​www.​gazze​ttauf​fi cia​le.​it/​eli/​gu/​2013/​11/​21/​273/​sg/​
pdf

	52.	 Gazzetta Ufficiale della Repubblica Italiana - n. 240 13/10/2016. 
URL: https://​www.​gazze​ttauf​fi cia​le.​it/​eli/​gu/​2022/​10/​13/​240/​sg/​
pdf

	53.	 Gazzetta Ufficiale della Repubblica Italiana - n. 246 22/10/2018. 
URL: https://​www.​gazze​ttauf​fi cia​le.​it/​eli/​gu/​2018/​10/​22/​246/​sg/​
pdf

	54.	 D’Angiolella LS, Cortesi PA, Pitotti C et al (2017) Sacubitril/
valsartan in heart failure with reduced ejection fraction: cost and 
effectiveness in the Italian context. Eur J Heart Fail 19:1551–
1553. https://​doi.​org/​10.​1002/​ejhf.​919

	55.	 Mantovani LG, Fornari C, Madotto F et al (2011) Burden of acute 
myocardial infarction. Int J Cardiol 150:111–112. https://​doi.​org/​
10.​1016/j.​ijcard.​2011.​04.​030

	56.	 Lucchese M, Borisenko O, Mantovani LG et al (2017) Cost-utility 
analysis of bariatric surgery in Italy: results of decision-analytic 
modelling. Obes Facts 10:261–272. https://​doi.​org/​10.​1159/​00047​
5842

https://doi.org/10.1016/S2213-8587(17)30258-9
https://doi.org/10.1111/dom.13627
https://doi.org/10.1111/dom.13077
https://doi.org/10.1161/CIRCULATIONAHA.119.039996
https://doi.org/10.1161/CIRCULATIONAHA.119.040130
https://doi.org/10.1161/CIRCULATIONAHA.119.040130
https://doi.org/10.1089/dia.2019.0052
https://doi.org/10.1007/s40801-023-00398-8
https://doi.org/10.2147/DMSO.S390075
https://doi.org/10.2147/DMSO.S390075
https://doi.org/10.1111/dom.14308
https://doi.org/10.1001/jamacardio.2021.1437
https://doi.org/10.18553/jmcp.2023.29.9.1045
https://doi.org/10.18553/jmcp.2023.29.9.1045
https://doi.org/10.1016/j.clinthera.2023.05.002
https://doi.org/10.1001/jamanetworkopen.2021.14501
https://doi.org/10.1001/jamanetworkopen.2021.14501
https://doi.org/10.1016/j.ijcard.2023.01.080
https://doi.org/10.1177/0272989X12458348
https://doi.org/10.1177/0272989X12458348
https://doi.org/10.14236/jhi.v19i4.820
https://doi.org/10.14236/jhi.v19i4.820
https://doi.org/10.1016/S1474-4422(14)70287-X
https://doi.org/10.1016/S1474-4422(14)70287-X
https://doi.org/10.1007/s40619-022-01130-4
https://motoresanita.it/eventi/cura-del-diabete-e-mmg-un-attore-chiave-del-processo-di-cura-con-le-armi-spuntate/
https://motoresanita.it/eventi/cura-del-diabete-e-mmg-un-attore-chiave-del-processo-di-cura-con-le-armi-spuntate/
https://motoresanita.it/eventi/cura-del-diabete-e-mmg-un-attore-chiave-del-processo-di-cura-con-le-armi-spuntate/
https://www.aifa.gov.it/en/nota-100
https://www.aifa.gov.it/en/nota-100
https://www.aifa.gov.it/
https://www.aifa.gov.it/
https://www.gazzettaufficiale.it/eli/gu/2023/01/21/17/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2023/01/21/17/sg/pdf
https://www.gazzettaufficiale.it/gazzetta/serie_generale/caricaDettaglio?dataPubblicazioneGazzetta=2021-09-06&numeroGazzetta=213
https://www.gazzettaufficiale.it/gazzetta/serie_generale/caricaDettaglio?dataPubblicazioneGazzetta=2021-09-06&numeroGazzetta=213
https://www.gazzettaufficiale.it/gazzetta/serie_generale/caricaDettaglio?dataPubblicazioneGazzetta=2021-09-06&numeroGazzetta=213
https://www.gazzettaufficiale.it/eli/gu/2019/10/23/249/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2019/10/23/249/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2022/03/04/53/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2021/07/28/179/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2021/07/28/179/sg/pdf
https://www.gazzettaufficiale.it/gazzetta/serie_generale/caricaDettaglio?dataPubblicazioneGazzetta=2014-08-30&numeroGazzetta=201
https://www.gazzettaufficiale.it/gazzetta/serie_generale/caricaDettaglio?dataPubblicazioneGazzetta=2014-08-30&numeroGazzetta=201
https://www.gazzettaufficiale.it/gazzetta/serie_generale/caricaDettaglio?dataPubblicazioneGazzetta=2014-08-30&numeroGazzetta=201
https://www.gazzettaufficiale.it/eli/gu/2013/11/21/273/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2013/11/21/273/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2022/10/13/240/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2022/10/13/240/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2018/10/22/246/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2018/10/22/246/sg/pdf
https://doi.org/10.1002/ejhf.919
https://doi.org/10.1016/j.ijcard.2011.04.030
https://doi.org/10.1016/j.ijcard.2011.04.030
https://doi.org/10.1159/000475842
https://doi.org/10.1159/000475842


1028	 Acta Diabetologica (2024) 61:1017–1028

	57.	 Turchetti G, Bellelli S, Amato M et al (2017) The social cost of 
chronic kidney disease in Italy. Eur J Health Econ 18:847–858. 
https://​doi.​org/​10.​1007/​s10198-​016-​0830-1

	58.	 Cicchetti A, Ruggeri M, Codella P, Ridolfi A (2011) I costi socio-
sanitari dell’insufficienza renale cronica. Farmeconomia E Per-
corsi Terapeutici 12:75–82

	59.	 Palmer SC, Tendal B, Mustafa RA et al (2021) Sodium-glucose 
cotransporter protein-2 (SGLT-2) inhibitors and glucagon-like 
peptide-1 (GLP-1) receptor agonists for type 2 diabetes: system-
atic review and network meta-analysis of randomised controlled 
trials. BMJ 372:m4573. https://​doi.​org/​10.​1136/​bmj.​m4573

	60.	 Reifsnider OS, Kansal A, Wanner C et al (2019) SAT-296 Cost-
effectiveness analysis of empagliflozin treatment in patients with 
type 2 diabetes and chronic kidney disease based on subgroup of 
EMPA-reg outcomE. Kidney Intl Rep 4:S132. https://​doi.​org/​10.​
1016/j.​ekir.​2019.​05.​336

	61.	 Parekh W, Streeton SE, Baker-Knight J et al (2018) The eco-
nomic burden of insulin-related hypoglycemia in adults with dia-
betes: an analysis from the perspective of the Italian healthcare 
system. Diabetes Ther 9:1037–1047. https://​doi.​org/​10.​1007/​
s13300-​018-​0418-0

	62.	 Haldrup S, Lapolla A, Gundgaard J, Wolden ML (2020) Cost-
effectiveness of switching to insulin degludec from other basal 
insulins in real-world clinical practice in Italy. J Med Econ 
23:271–279. https://​doi.​org/​10.​1080/​13696​998.​2019.​16696​13

	63.	 Ministero della Salute Gazzetta Ufficiale (2013) Supplemento 
ordinario alla Gazzetta Ufficiale„ n. 23 del 28 gennaio 2013 - 
Serie generale. DECRETO 18 ottobre 2012. Remunerazione 
delle prestazioni di assistenza ospedaliera per acuti, assistenza 
ospedaliera di riabilitazione e di lungodegenza post acuzie e di 
assistenza specialistica ambulatoriale

	64.	 Nelson AJ, Pagidipati NJ, Aroda VR et al (2021) Incorporating 
SGLT2i and GLP-1RA for cardiovascular and kidney disease risk 
reduction: call for action to the cardiology community. Circula-
tion 144:74–84. https://​doi.​org/​10.​1161/​CIRCU​LATIO​NAHA.​
121.​053766

	65.	 McMurray JJV, Solomon SD, Inzucchi SE et al (2019) Dapagli-
flozin in patients with heart failure and reduced ejection fraction. 
N Engl J Med 381:1995–2008. https://​doi.​org/​10.​1056/​NEJMo​
a1911​303

	66.	 Heerspink HJL, Sjöström CD, Jongs N et al (2021) Effects of 
dapagliflozin on mortality in patients with chronic kidney disease: 
a pre-specified analysis from the DAPA-CKD randomized con-
trolled trial. Eur Heart J 42:1216–1227. https://​doi.​org/​10.​1093/​
eurhe​artj/​ehab0​94

	67.	 McEwan P, Bennett H, Khunti K et al (2020) Assessing the cost-
effectiveness of sodium-glucose cotransporter-2 inhibitors in 
type 2 diabetes mellitus: a comprehensive economic evaluation 
using clinical trial and real-world evidence. Diabetes Obes Metab 
22:2364–2374. https://​doi.​org/​10.​1111/​dom.​14162

	68.	 van Schoonhoven AV, Schöttler MH, Serné EH et al (2023) The 
health and budget impact of sodium-glucose co-transporter-2 

inhibitors (SGLT2is) in The Netherlands. J Med Econ 26:547–
553. https://​doi.​org/​10.​1080/​13696​998.​2023.​21948​02

	69.	 IS (2016) Budget impact analysis of empagliflozin for the treat-
ment of type 2 diabetes in Italy. Farmeconomia Health Econ Ther 
Pathw 17:19–27

	70.	 Catharina de Beer J, Snyman J, Ker J et al (2023) Budget impact 
analysis of empagliflozin in the treatment of patients with type 2 
diabetes with established cardiovascular disease in South Africa. 
Value Health Reg Issues 33:91–98. https://​doi.​org/​10.​1016/j.​vhri.​
2022.​08.​012

	71.	 Voorhaar M, Nurkanovic L, Ustyugova AV et al (2018) PDB39 - 
empagliflozin for patients in the Netherlands with type 2 diabetes 
mellitus and established cardiovascular disease: a budget impact 
model. Value in Health 21:S124. https://​doi.​org/​10.​1016/j.​jval.​
2018.​09.​745

	72.	 Impact of Empagliflozin (Jardiance) to the NHS- estimation of 
budget and event impact based on EMPA-reg outcome data. In: 
ISPOR | International Society For Pharmacoeconomics and Out-
comes Research. https://​www.​ispor.​org/​publi​catio​ns/​journ​als/​
value-​in-​health/​abstr​act/​Volume-​19--​Issue-7/​Impact-​of-​Empag​
liflo​zin-​(Jardi​ance)-​to-​the-​NHS--​Estim​ation-​of-​Budget-​and-​
Event-​Impact-​Based-​on-​Empa-​Reg-​Outco​me-​Data. Accessed 
28 Dec 2023

	73.	 Agenzia Italiana del Farmaco (AIFA) Valutazioni economiche. 
URL:https://​www.​aifa.​gov.​it/​valut​azioni-​econo​miche

	74.	 Rahman H, Khan SU, Lone AN et al (2023) Sodium-glucose 
cotransporter-2 inhibitors and primary prevention of atheroscle-
rotic cardiovascular disease: a meta-analysis of randomized trials 
and systematic review. J Am Heart Assoc 12:e030578. https://​doi.​
org/​10.​1161/​JAHA.​123.​030578

	75.	 Avgerinos I, Karagiannis T, Matthews DR et al (2023) Effects of 
sodium-glucose co-transporter-2 inhibitors by background car-
diovascular medications: a systematic review and meta-analysis. 
Diabetes Obes Metab 25:3020–3029. https://​doi.​org/​10.​1111/​dom.​
15200

	76.	 Wahinya M, Khan Z (2023) Sodium-glucose cotransporter-2 
(SGLT2) inhibitor therapy for the primary and secondary preven-
tion of heart failure in patients with and without type 2 diabetes 
mellitus: a systematic review. Cureus 15:e37388. https://​doi.​org/​
10.​7759/​cureus.​37388

	77.	 Lavie CJ, Milani RV, Ventura HO (2009) Obesity and cardio-
vascular disease: risk factor, paradox, and impact of weight loss. 
J Am Coll Cardiol 53:1925–1932. https://​doi.​org/​10.​1016/j.​jacc.​
2008.​12.​068

	78.	 Knowler WC, Barrett-Connor E, Fowler SE et al (2002) Reduction 
in the incidence of type 2 diabetes with lifestyle intervention or 
metformin. N Engl J Med 346:393–403. https://​doi.​org/​10.​1056/​
NEJMo​a0125​12

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Paolo Angelo Cortesi1,2 · Ippazio Cosimo Antonazzo1,2   · Pasquale Palladino3 · Marco Gnesi4 · Silvia Mele5 · 
Marco D’Amelio5 · Elena Zanzottera Ferrari3 · Giampiero Mazzaglia1 · Lorenzo Giovanni Mantovani1,2

 *	 Ippazio Cosimo Antonazzo 
	 ippazio.antonazzo@unimib.it

1	 Research Centre on Public Health (CESP), University 
of Milano-Bicocca, Via Pergolesi 33, Monza, MB, Italy

2	 Istituto Auxologico Italiano-IRCCS, Milan, Italy

3	 Cegedim Health Data, Milan, Italy
4	 Medical Evidence, Biopharmaceuticals Medical, 

AstraZeneca, Milan, Italy
5	 Value & Access, AstraZeneca, Milan, Italy

https://doi.org/10.1007/s10198-016-0830-1
https://doi.org/10.1136/bmj.m4573
https://doi.org/10.1016/j.ekir.2019.05.336
https://doi.org/10.1016/j.ekir.2019.05.336
https://doi.org/10.1007/s13300-018-0418-0
https://doi.org/10.1007/s13300-018-0418-0
https://doi.org/10.1080/13696998.2019.1669613
https://doi.org/10.1161/CIRCULATIONAHA.121.053766
https://doi.org/10.1161/CIRCULATIONAHA.121.053766
https://doi.org/10.1056/NEJMoa1911303
https://doi.org/10.1056/NEJMoa1911303
https://doi.org/10.1093/eurheartj/ehab094
https://doi.org/10.1093/eurheartj/ehab094
https://doi.org/10.1111/dom.14162
https://doi.org/10.1080/13696998.2023.2194802
https://doi.org/10.1016/j.vhri.2022.08.012
https://doi.org/10.1016/j.vhri.2022.08.012
https://doi.org/10.1016/j.jval.2018.09.745
https://doi.org/10.1016/j.jval.2018.09.745
https://www.ispor.org/publications/journals/value-in-health/abstract/Volume-19--Issue-7/Impact-of-Empagliflozin-(Jardiance)-to-the-NHS--Estimation-of-Budget-and-Event-Impact-Based-on-Empa-Reg-Outcome-Data
https://www.ispor.org/publications/journals/value-in-health/abstract/Volume-19--Issue-7/Impact-of-Empagliflozin-(Jardiance)-to-the-NHS--Estimation-of-Budget-and-Event-Impact-Based-on-Empa-Reg-Outcome-Data
https://www.ispor.org/publications/journals/value-in-health/abstract/Volume-19--Issue-7/Impact-of-Empagliflozin-(Jardiance)-to-the-NHS--Estimation-of-Budget-and-Event-Impact-Based-on-Empa-Reg-Outcome-Data
https://www.ispor.org/publications/journals/value-in-health/abstract/Volume-19--Issue-7/Impact-of-Empagliflozin-(Jardiance)-to-the-NHS--Estimation-of-Budget-and-Event-Impact-Based-on-Empa-Reg-Outcome-Data
https://www.aifa.gov.it/valutazioni-economiche
https://doi.org/10.1161/JAHA.123.030578
https://doi.org/10.1161/JAHA.123.030578
https://doi.org/10.1111/dom.15200
https://doi.org/10.1111/dom.15200
https://doi.org/10.7759/cureus.37388
https://doi.org/10.7759/cureus.37388
https://doi.org/10.1016/j.jacc.2008.12.068
https://doi.org/10.1016/j.jacc.2008.12.068
https://doi.org/10.1056/NEJMoa012512
https://doi.org/10.1056/NEJMoa012512
http://orcid.org/0000-0001-8046-4574

	Health and economic impact of dapagliflozin for type 2 diabetes patients who had or were at risk for atherosclerotic cardiovascular disease in the Italian general practitioners setting: a budget impact analysis
	Abstract
	Aim 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Model overview
	Population
	Treatments
	Costs data
	Market shares
	Statistical analysis

	Results
	Population
	Healthclinical impact
	Budget impact

	Discussion
	Conclusion
	References




