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ABSTRACT

Introduction: This study aims to define the dis‑
tribution of direct healthcare costs for people 
with diabetes treated in two healthcare regions 
in Italy, based on number of comorbidities and 
treatment regimen.

Methods: This was a retrospective analy‑
sis using data from two local health author‑
ity administrative databases (Campania and 
Umbria) in Italy for the years 2014–2018. Data 
on hospital care, pharmaceutical and specialist 
outpatient and laboratory assistance were col‑
lected. All people with diabetes in 2014–2018 
were identified on the basis of at least one pre‑
scription of hypoglycemic drugs (ATC A10), 
hospitalization with primary or secondary diag‑
nosis of diabetes mellitus (ICD9CM 250.xx) or 
diabetes exemption code (code 013). Subjects 
were stratified into three groups according to 
their pharmaceutical prescriptions during the 
year: Type 1/type 2 diabetes (T1D/T2D) treated 
with multiple daily injections with insulin 
(MDI), type 2 diabetes on basal insulin only 
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(T2D‑Basal) and type 2 diabetes not on insulin 
therapy (T2D‑Oral).
Results: We identified 304,779 people with 
diabetes during the period for which data was 
obtained. Analysis was undertaken on 288,097 
subjects treated with glucose‑lowering drugs 
(13% T1D/T2D‑MDI, 13% T2D‑Basal, 74% T2D‑
Oral). Average annual cost per patient for the 
year 2018 across the total cohort was similar 
for people with T1D/T2D‑MDI and people with 
T2D‑Basal (respectively €2580 and €2254) and 
significantly lower for T2D‑Oral (€1145). Cost 
of hospitalization was the main driver (47% 
for T1D/T2D‑MDI, 45% for T2D‑Basal, 45% 
for T2D‑Oral) followed by drugs/devices (35%, 
39%, 43%) and outpatient services (18%, 16%, 
12%). Average costs increased considerably 
with increasing comorbidities: from €459 with 
diabetes only to €7464 for a patient with four 
comorbidities. Similar trends were found across 
all subgroups analysis.
Conclusion: Annual cost of treatment for 
people with diabetes is similar for those treated 
with MDI or with basal insulin only, with hos‑
pitalization being the main cost driver. This 
indicates that both patient groups should ben‑
efit from having access to scanning continuous 
glucose monitoring (CGM) technology which 
is known to be associated with significantly 
reduced hospitalization for acute diabetes 
events, compared to self‑monitored blood glu‑
cose (SMBG) testing.

Keywords: Type  1 diabetes; Type  2 diabetes; 
Direct costs; Italy; Intermittent continuous 
glucose monitoring

Key Summary Points 

Treatment costs for people with diabetes in 
two healthcare regions in Italy are similar for 
those treated with MDI (T1D/T2D‑MDI) or 
with basal insulin only (T2D‑Basal).

For people with T1D or T2D treated with 
insulin the main cost driver is hospitaliza‑
tion, followed by costs for drugs and devices.

When all direct costs are considered, during 
the period 2014–2018, our analysis calculates 
the overall annual direct costs per person 
with diabetes as €1229 in Umbria and €1495 
in Campania.

Per‑patient costs of diabetes treatment 
increase incrementally with each additional 
comorbidity, with costs for a person with dia‑
betes and four or more comorbidities being 
three to fourfold higher than for a person 
with no comorbidities.

The use of scanning continuous glucose 
monitoring (CGM) could positively impact 
the most significant treatment costs for peo‑
ple with diabetes in Italy.

INTRODUCTION

Diabetes is a complex metabolic disorder with 
a higher risk of microvascular or macrovascular 
complications compared to the general popu‑
lation, which is associated with increased mor‑
tality [1, 2]. In high‑income countries, diabetes 
is one of the leading causes of cardiovascular 
disease, blindness, kidney failure, and lower 
limb amputation, with a substantial clinical and 
economic impact [3]. The need to implement 
glucose‑lowering treatment to reduce long‑term 
complications must be counterbalanced with 
the shorter‑term risk of hypoglycemia [4].

In Italy, the ARNO Diabetes Observatory 
identifies people with diabetes through diabe‑
tes registries, documented prescriptions and 
hospital admissions. Data from the 2018 cal‑
endar year indicates an overall prevalence of 
diabetes in Italy at 6.2% (6.5% in men, 5.9% 
in women) [5]. Compared with people without 
diabetes, people with diabetes in Italy received 
30% more prescription drugs, 20% more out‑
patient specialist services and were 86% more 
likely to be hospitalized [5]. National and inter‑
national guidelines on medical care of diabetes 
in Italy are not well implemented, with conse‑
quent increases in the rate of diabetes‑related 
disease and economic costs [5, 6]. This is com‑
pounded by low adherence to diabetes therapy 
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in Italy. The second civic survey on diabetes in 
Italy from 2021 [7] indicates that adherence 
to diabetes therapy as prescribed, 1 year after 
starting, is 37.6% among men and 31.6% for 
women. Regional data show that treatment 
adherence rates in Campania are 35.9% for men 
and 30.9% for women. In Umbria, adherence 
rates are 34.7% and 32.8% in men and women, 
respectively. Similarly, for people with diabetes 
on insulin regimens in Italy, only 63% reported 
performing at least one daily self‑monitoring of 
blood glucose (SMBG) test, with similar regional 
figures in Campania and Umbria [8]. With this 
background, the burden of care for people with 
diabetes in Italy is considerable. For 2018, the 
direct cost of medical services was estimated as 
€2833 per person with diabetes, the main cost 
drivers being hospitalization (€1152, 40.7%) 
and prescribed drugs (€1116, 39.4%) [5]. Over‑
all, the annual direct cost of diabetes treatment 
to the Italian healthcare services has been esti‑
mated as between €8.1 and €9.6 billion [9, 10], 
of which €1.3 billion can be attributed to the 
cost of SMBG [10].

International guidelines currently recom‑
mend SMBG as the reference tool for glucose 
monitoring in people with diabetes treated with 
insulin, with recommendations that up to 10 
finger‑prick tests daily are required for effective 
glucose management [11]. However, there are 
barriers related to the use of SMBG [12] that 
have highlighted the need for new innovations 
in glucose monitoring, which can improve out‑
comes for people with diabetes and also mod‑
ify the cost of care. This could include the use 
of scanning continuous glucose monitoring 
(CGM), which is proven to reduce HbA1c com‑
pared to SMBG testing for people with T1D or 
with T2D on insulin therapy [13–15], as well as 
reducing time in hypoglycemia [16, 17]. Use of 
scanning CGM is also associated with a signifi‑
cantly reduced rate of hospitalization for acute 
diabetes events (ADEs), such as diabetes ketoaci‑
dosis (DKA), for adults with T1D or T2D on insu‑
lin therapy in the 2‑year period after starting, 
compared to using SMBG testing [18–20]. Such 
outcomes would predict long‑term health eco‑
nomic benefits at a national level.

In Italy, eligibility and budget for scan‑
ning CGM sensors are defined at a regional 

level, which results in considerable variation 
in budget allocation for scanning CGM by 
regions across Italy. To date, scanning CGM 
systems were approved for reimbursement in 
the Umbria region in December 2016 for peo‑
ple with T1D or T2D, more precisely for:

• All people with T1D
• T1D and T2D with pregnancy or planned 

pregnancy and gestational diabetes mellitus 
(GDM)

• T2D with at least one of the following con‑
ditions:

– HbA1c 10 mmol/mol above target for 
more than 6 months

– Repeated hypoglycemia

Reimbursement for scanning CGM was 
approved in the Campania region in February 
2017 for people with T1D or T2D as indicated:

• All people with T1D
• People with T2D using ≥ 4 SMBG tests per 

day

The study reported here aims to estimate the 
number of people with diabetes in two health‑
care regions in Italy, who are using intensive 
MDI regimens, compared with basal‑only insu‑
lin or non‑insulin regimens, and to quantify 
the direct healthcare costs associated with the 
management of diabetes in these treatment 
groups. We have identified areas of cost that 
may be reduced with the application of scan‑
ning or streaming CGM technology in each 
treatment population. In order to emphasize 
the comparative costs for specific diabetes drug 
treatment regimens, we have not included data 
on the treatment costs for people with diabetes 
but untreated with antidiabetic drugs. Such real‑
world data can be leveraged to show the direct 
burden of treating diabetes in a large cohort 
of patients in the Italian real‑world setting, in 
terms of clinical and economic consequences. 
Together, the regions of Campania and Umbria 
are large enough to give a realistic reflection of 
the diabetes population in Italy, as they repre‑
sent approximately 10% of the Italian popula‑
tion. Campania and Umbria report a diabetes 
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prevalence of 5.9% and 5.2% respectively, which 
is lower than the national prevalence of 6.2% 
for Italy [5].

METHODS

Data Source

The analysis was carried out using data extracted 
from the healthcare administrative databases of 
the Local Health Unit Umbria 2 and the Campa‑
nia region, covering the period 2014–2018. For 
the purpose of providing the most current cal‑
endar‑year cost‑impact analysis we focused our 
analysis on the real‑world healthcare resource 
utilization for 2018. Datasets were made avail‑
able following the scientific agreement between 
CEIS (University of Tor Vergata) and Campania 
region/LHU Umbria 2. Exchange of data was 
compliant with the General Data Protection 
Regulation (EU) 2016/679 (GDPR).

For both regions, data was extracted from 
(1) Hospital Information System (SDO), which 
collects all hospitalization events across all 
public and private healthcare institutes in the 
region. Discharge records include the patient 
demographic and clinical information, includ‑
ing principal diagnostic and secondary dis‑
charge codes as set out in the International 

Classification of Diseases (ICD‑9‑CM); (2) 
Outpatient Visits and Diagnostic (SIAS), in 
which all the specialist services performed on 
an outpatient basis, the maternal‑infant con‑
sultancy activities and the instrumental and 
laboratory diagnostics services are recorded, 
as well as all the services, both diagnostic and 
therapeutic, provided by the nomenclator 
referred to in Ministerial Decree 22.7.96 and 
subsequent amendments and additions, car‑
ried out at accredited public and private out‑
patient facilities; (3) Pharmaceutical services 
databases, which contain information about 
all drugs reimbursed by the healthcare system 
and dispensed by hospital, municipal and pri‑
vate pharmacies.

Cohort Definitions

People with diabetes were identified by select‑
ing all patients with at least one prescription 
of hypoglycemic drugs (ATC A10) or hospitali‑
zation with diabetes mellitus as a primary or 
secondary diagnosis (ICD9CM 250) or a medi‑
cal exemption certificate code (code 013) for 
any type of diabetes. The selected subjects were 
stratified according to their pharmaceutical 
prescriptions during the year as described in 

Table 1  Diabetes treatment classifications according to pharmaceutical prescription codes

https:// www. whocc. no/ atc_ ddd_ index/

Treatment definition Drug prescriptions ATC codes

Multiple daily injection (MDI) therapy Fast-acting injectable insulins and analogues A10AB

Intermediate-acting or long-acting injectable insulins and analogues 
associated with fast-acting

A10AD

Treated with other insulins (Basal) Insulins and analogues with the exception of MDI A10AC,
A10AE,
A10AF

Treated with oral therapy (Oral) Drugs that lower blood sugar, excluding insulins A10B

Other drugs used in diabetes A10X
Untreated No diabetes drug prescription, selected through hospitalization or 

exemption

https://www.whocc.no/atc_ddd_index/
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Table 1. No age‑related inclusion criteria were 
applied.

Cost‑Impact Modelling

As this study was conducted on healthcare 
administrative databases covering the entire 
populations of Umbria and Campania for the 
calendar year  2018, no statistical tests were 
required based on sampling as costs for all indi‑
viduals with T1D or T2D were available. Aver‑
age per‑patient costs for each diabetes type and 
treatment modality, including hospital admis‑
sion criteria, could be calculated and compared 
across the study period.

For the selected patients, the cost for treat‑
ment was estimated by selecting all hospital 
admissions, consumption of drugs and special‑
ist outpatient services during the year. Ordinary 
and day hospital admissions were costed accord‑
ing to the regional tariff for acute care services 
and pharmacological treatments acquisition 
costs for regional healthcare services were con‑
sidered. Outpatient specialist services and labo‑
ratory tests were costed according to tariffs made 
available for regional outpatient specialist assis‑
tance services.

In addition, the occurrence and economic 
burden of admission to hospital for ADEs was 
considered for hypoglycemia, DKA coma and 
hyperglycemia, as defined in Table 2. The pres‑
ence of comorbidities was verified through 
disease exemptions and by analyzing hospi‑
talizations, drug use and specialist services that 

occurred during the 2014–2018 period. The 
comorbidity selection criteria are summarized 
in Table 3.

Ethical Approval

The study was performed in accordance with the 
ethical standards as laid down in the 1964 Dec‑
laration of Helsinki and its later amendments. 
Internal review board approval was not sought 
as this analysis does not contain any studies 
with human participants or animals performed 
by any of the authors.

RESULTS

Patient Cohorts and Overall Costs

Across the two health authorities we identified 
304,779 people with a diagnosis of diabetes, of 
whom 288,097 patients were being treated with 
antidiabetic drugs in 2018 (Table 4). Of these 
24,710 were from Umbria and 263,387 were 
from Campania. Amongst this total cohort, 
37,333 (13.0%) were people with T1D/T2D‑MDI, 
36,450 (12.7%) were people with T2D‑Basal 
and 214,314 (74.4%) were people with T2D‑
Oral. Average annual cost per patient across the 
total cohort was similar for the T1D/T2D‑MDI 
and T2D‑Basal cohorts (respectively €2580 and 
€2254) and significantly lower for the T2D‑Oral 
cohort (€1145). This pattern was also reflected in 

Table 2  Acute diabetes events classifications according to IDC hospital admission codes

https:// www. cdc. gov/ nchs/ icd/ icd9cm. htm#

Acute diabetes event Definition ICD9 codes

Hypoglycemia Admissions with primary or secondary diagnosis of hypoglycemic coma or 
unspecified hypoglycemia

250.0, 251.2

Diabetic ketoacidosis (DKA) Admissions with primary or secondary diagnosis of diabetes with ketoacidosis 250.1x

Coma Hospitalizations with primary or secondary diagnosis of diabetes with other 
types of coma

250.3x

Hyperglycemia Admissions with primary or secondary diagnosis of diabetes with hyperosmo-
larity

250.2x

https://www.cdc.gov/nchs/icd/icd9cm.htm#
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Table 3  Definition of comorbidities based on hospital admission and pharmacy codes

https:// www. whocc. no/ atc_ ddd_ index/
https:// www. cdc. gov/ nchs/ icd/ icd9cm. htm#

Pathology ICD9 codes ATC code Pharmacy Outpatient

Cardiac disease 310–459 (excluding 390–392) C01 Cardiac therapy –

C02 Antihypertensives

C03 Diuretics

C07 Beta-blockers

C08 Calcium antagonists

C09 Drugs acting on the renin system

C10AA HMG-CoA reductase inhibitors (statins)

Neuropathic disease – N02A Opiods—diabetic neuropathy –

N02BE01 Paracetamol—diabetic neuropathy

N03AX12 Gabapentin—diabetic neuropathy

N03AX16 Pregabalin—diabetic neuropathy

N06AX21 Duloxetine—diabetic neuropathy

N07BC02 Methadone—diabetic neuropathy

J01 Antibacterials for systemic use—diabetic 
foot disease

Renal disease 582–588 (excluding 584; 588.1) A02AD Drugs associated with aluminium,  
calcium and magnesium homeostasis

–

A12AA04 Calcium carbonate

A12AA12 Anhydrous calcium acetate

B03A Iron-based preparations

B03BB Folic acid and derivatives

B03X Other antianemic preparations

H05BX Other antiparathyroid preparations

V03AE Drugs for the treatment of hyperkalemia 
and hyperphosphatemia

Retinopathy 362.0–362.6 – – 95.12—
fluorangi-
ography

https://www.whocc.no/atc_ddd_index/
https://www.cdc.gov/nchs/icd/icd9cm.htm#
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the individual costs of treatment in the separate 
regions, with a slightly lower per‑patient cost 
for treatment in Umbria compared to Campania 
(Table 4).

Overall Costs of Care for People with 
Diabetes

The costs of drug prescriptions and delivery, 
specialist outpatient care and hospitaliza‑
tions for the cohort of people with diabetes 
in Umbria and Campania health authorities 
are summarized in Table 5 and Supplemen‑
tary Table S1, along with the aggregate costs 
for the total patient cohort. The average treat‑
ment cost per patient in Umbria and Campa‑
nia (Fig. 1) was €1229 and €1495, respectively, 
with higher costs for the T1D/T2D‑MDI treat‑
ment groups (€2266 and €2621 respectively) 
or the T2D‑Basal treatment groups (€1979 and 
€2272 respectively) compared to T2D‑Oral 
treatment group (€891 and €1169 respectively).

The average cost per patient increases 
according to the number of comorbidities 
(Fig. 1, Table 5, Supplementary Table S1). For 
the T1D/T2D‑MDI treatment groups, patients 
in Umbria and Campania without comorbidi‑
ties have treatment costs of €735 and €781, 
respectively, rising to €5639 and €17,922 
for patients with four or more comorbidities 
(Fig.  1a, Fig.  1b). The T2D‑Basal treatment 
groups had similarly low treatment costs 
when no comorbidities were present, rising 
progressively to €4154 (Umbria) and €6078 
(Campania) for four or more comorbidities. 

The T2D‑Oral group showed a similar pattern 
in each region, although costs did not esca‑
late to the same level as for the T1D/T2D‑MDI 
and T2D‑Basal treatment groups. For patients 
with one or no comorbidities, the most signifi‑
cant costs are for drug prescriptions and deliv‑
ery, whereas as the number of comorbidities 
increases the costs of hospitalizations become 
the most significant cost of care (Fig. 1, Table 5, 
Supplementary Table S1).

Distribution of Costs of Care for People with 
Diabetes on Different Treatment Regimens

Average treatment costs for people with dia‑
betes increased considerably as the number 
of comorbidities increased (Table  6, Supple‑
mentary Table S2). Across the total cohort of 
patients the per‑person treatment cost for those 
without comorbidities was €459, rising to €7464 
for a person with diabetes and four or more 
comorbidities.

For people in the T1D/T2D‑MDI treatment 
group the pattern of costs was similar across 
Umbria and Campania regions for people with 
fewer than four comorbidities (Fig. 1a, b). Drug 
costs were most significant for people with one 
or no comorbidities, whereas costs for hospitali‑
zation were largest for those with two or three 
comorbidities. For Umbria, patients with diabe‑
tes and four or more comorbidities had hospi‑
talization as the major cost of care, whereas the 
Campania region registered drug costs as being 
the most significant cost (63.8% of total cost) 
for this treatment group. However, the small 

Table 4  Diabetes treatment groups and per-patient costs in 2018

MDI multiple daily injections with insulin, Basal basal insulin, SD standard deviation, T1D type  1 diabetes, T2D type  2 
diabetes

Patient cohort Umbria Campania Total cohort

Patients (n) Cost per patient 
(SD) (€)

Patients (n) Cost per patient 
(SD) (€)

Patients (n) Cost per 
patient (SD) 
(€)

T1D/T2D-MDI 4319 2266 (4495) 33,014 2621 (5905) 37,333 2580 (5760)

T2D-Basal 2216 1979 (4049) 34,234 2272 (4820) 36,450 2254 (4777)
T2D-Oral 18,175 891 (2166) 196,139 1169 (2865) 214,314 1145 (2814)
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number of patients with four or more comor‑
bidities in Campania (n = 165, 0.5%) was also 
accompanied by a much larger per‑patient cost 
in this cohort (€17,922), and the small num‑
ber of patients in the T1D/T2D‑MDI group in 
Umbria (n = 37, 0.9%) means that a meaningful 

comparison between people with four or more 
comorbidities is impractical.

For people in the T2D‑Basal treatment group 
the pattern of costs was similar across Umbria 
and Campania regions, with progressive 
increases at each level of comorbidity (Fig. 1). 

Fig. 1  Per-person treatment costs for Umbria (a, c, e) and Campania (b, d, f). MDI multiple daily injections with insulin, 
Basal basal insulin, T1D type 1 diabetes, T2D type 2 diabetes
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Drug costs were most significant for people 
with one or no comorbidities, drug and hos‑
pital costs were equally significant for people 
with two comorbidities, and costs for hospi‑
talization were largest for people with three or 
more comorbidities.

Treatment costs for the T1D/T2D‑MDI group 
and the T2D‑Basal group were comparable in 
both Umbria and Campania, with increasing 
costs per patient with rising numbers of comor‑
bidity, with the exception of the T1D/T2D‑MDI 
group in Campania, as indicated above.

Per‑patient treatment costs for the T2D‑Oral 
patient group were lower than in the two insu‑
lin‑treated groups (Table 4). In this context, the 
overall distribution of patients amongst the 
treatment groups is shown in Fig. 2a, compared 
to the distribution of treatment costs (Fig. 2b). 
Cost distribution was comparable with the insu‑
lin‑treated cohorts, with the emphasis on drug 
costs at low levels of comorbidity, with the cost 
of hospitalization becoming the major factor as 
comorbidities increased.

Hospital admission for ADEs amongst the 
treatment groups, related to hypoglycemia, 
DKA, coma and hyperglycemia, was assessed 
according to ICD9 codes. In both regions, 
hospitalization for at least one ADE was sig‑
nificant in the T1D/T2D‑MDI and T2D‑Basal 
cohorts, with increasing prevalence at greater 
numbers of comorbidities (Fig. 3a–d). ADEs 
resulting in hospital admission were much 
less frequent in the T2D‑Oral treatment cohort 
(Fig. 3e, f).

Modelling of Diabetes Treatment Costs in 
Italy

On the basis of the treatment costs available 
for Umbria and Campania in 2018, we mod‑
elled the total treatment costs for the popula‑
tion of people with diabetes in Italy (Table 7, 
Supplementary Table  S2). The total number 
of people with a diagnosis of diabetes in Italy 
was taken to be 3,483,860, which was previ‑
ously identified through linkage of the Marche 
healthcare authority [9]. On the basis of the 
data for Umbria and Campania, 79.21% of 
people with a diagnosis of diabetes were on Ta
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antidiabetic treatment regimens in Umbria, 
and the corresponding proportion for Campa‑
nia was 96.27%. Thus, treatment costs for Italy 
were modelled for 2,759,566 patients (based on 
Umbria) and for 3,353,912 patients (based on 
Campania).

In both scenarios, treatment costs are driven 
primarily by the cost of hospitalization, fol‑
lowed by drug costs (Table 7, Supplementary 
Table  S2, Fig.  4). Thus, based on the model 
extrapolated from the Umbria data, the total 
direct costs for diabetes in Italy would be 
€3.39 billion, whereas the model populated 
using the Campania data would be €5.01 bil‑
lion. The model based on Umbria puts the 
annual cost of hospitalization for all treat‑
ment groups at €1.43 billion, with €1.34 bil‑
lion spent on prescription drugs. Based on 
the Campania data, the annual cost of hospi‑
talization is €2.28 billion, with drug treatment 
costs of €2.04 billion. As with the separate data 
from Umbria and Campania, the proportion of 
costs for hospitalization in the model for Italy 
increases as the number of comorbidities rises.

DISCUSSION

Our analysis of the annual cost of treatment 
for people with diabetes across two healthcare 
regions in Italy, show that treatment costs are 
similar for those treated with MDI (T1D/T2D‑
MDI) or with basal insulin only (T2D‑Basal). In 
both treatment cohorts, the main cost driver is 
hospitalization. When all direct costs are con‑
sidered, the overall cost of diabetes treatment 
in Italy can be estimated as €3.4–5.0 billion. Our 
analysis calculates the overall annual direct costs 
per person with diabetes in Umbria as €1229, 
and €1495 for Campania. Both of these figures 
are below previous estimated per‑person treat‑
ment costs in Italy, which have a calculated 
€2318 [9] or €2833 [5] per‑person cost. As a 
consequence, the direct treatment costs for Italy, 
modelled on this data, are lower than previous 
estimates. However, we have included here only 
direct treatment costs associated with diabetes. 
When that constraint is applied to one of the 
earlier studies [9], the total annual treatment 
cost in Italy is estimated as €3.7 billion, which 
is comparable with our study.

Fig. 2  Overall distribution of (a) patients and (b) costs per treatment group. MDI multiple daily injections with insulin, 
Basal basal insulin, T1D type 1 diabetes, T2D type 2 diabetes
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Fig. 3  (a–f) Acute diabetes events per treatment group and number of comorbidities. MDI multiple daily injections with 
insulin, Basal basal insulin, T1D type 1 diabetes, T2D type 2 diabetes
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Diabetes treatment is complicated by the 
presence of one or more comorbid conditions, 
including cardiac disease, retinopathy, nephrop‑
athy and neuropathic disease. Our data show 
that the per‑patient costs of diabetes treatment 

increase incrementally with each additional 
comorbidity, with costs for a person with diabe‑
tes and four or more comorbidities being three 
or fourfold higher than for a person with no 
comorbidities. In our analysis, although hospital 

Table 7  Costs of diabetes care for Italy modelled on the data from Umbria and Campania

The total number of people with a diagnosis of diabetes in Italy was taken to be 3,483,860, which was previously identified 
through linkage of the Marche healthcare authority [9]. On the basis of the data for Umbria and Campania, 79.21% of peo-
ple with a diagnosis of diabetes were on antidiabetic treatment regimens in Umbria, and the corresponding proportion for 
Campania was 96.27%. The numbers for the treated populations are modelled on these proportions

Patients 
(n)

Per-patient costs of diabetes 
care (€)

Total costs of diabetes care (€)

Drugs Spe-
cialist 
assis-
tance

Hospi-
taliza-
tion

Total Drugs Specialist 
assistance

Hospitaliza-
tion

Total

Treatment costs for Italy modelled on Umbria

 Total 2,759,566 487 224 518 1229 1,342,709,442 618,951,892 1,429,470,823 3,392,040,994

 0 comor-
bidities

145,981 265 103 25 393 38,741,672 15,050,333 3,652,428 57,430,593

 1 comor-
bidity

850,222 387 133 192 712 328,759,950 112,768,758 163,180,138 605,503,898

 2 comor-
bidities

1,356,327 699 271 628 1598 948,595,721 366,986,218 852,192,657 2,167,902,254

 3 comor-
bidities

398,205 701 530 1454 2685 279,132,808 210,995,009 578,939,791 1,069,067,608

 4+ comor-
bidities

8831 1105 687 2105 3897 9,759,150 6,067,513 18,586,339 34,413,002

Treatment costs for Italy modelled on Campania

 Total 3,353,912 607 208 680 1495 2,035,247,859 696,018,183 2,282,012,642 5,013,007,290

 0 comor-
bidities

147,237 353 62 51 466 51,946,969 9,090,491 7,560,659 68,627,335

 1 comor-
bidity

912,599 475 91 283 850 433,820,145 83,113,977 258,343,998 775,278,120

 2 comor-
bidities

1,719,215 906 211 905 2022 1,558,464,221 362,978,857 1,555,295,410 3,476,527,698

 3 comor-
bidities

566,140 849 626 1642 3116 480,411,031 354,394,293 929,535,378 1,764,248,623

 4+ comor-
bidities

8720 3630 922 3336 7888 31,653,213 8,036,104 29,088,809 68,780,377
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admission was the most significant cost driver, 
it was a lower proportion of costs compared to a 
previous analysis of diabetes treatment costs and 
comorbidities [9], based on the Marche region 
which indicated that hospitalization accounted 
for 59% of treatment costs for a person with dia‑
betes alone, rising to 80% of costs for a person 
with diabetes and three or four comorbidities. 
Our analysis shows hospitalization accounts for 
only 6% (Umbria) or 11% (Campania) of costs 
for a person with diabetes alone, rising to 53% of 
costs in both regions for a person with diabetes 
and three or more comorbidities. This includes 
the costs for hospital admission for ADEs such as 
DKA, hypoglycemia, coma and hyperglycemia.

The emphasis on hospitalization as the pre‑
dominant cost driver is of interest, since it is 
known that this is a modifiable cost with the 
use of glucose‑sensing technologies. Continuous 
glucose monitoring (CGM) is an accepted alter‑
native to daily finger prick testing and is proven 
to improve outcomes for people with diabetes, 
when compared to SMBG testing [13, 21–23]. To 
date, among CGM systems the scanning CGM 
sensor has had the most advantageous acquisi‑
tion cost and can be used as a replacement for 
daily SMBG tests for adults and children (aged 4 
and older) with type 1 diabetes (T1D) or type 2 
diabetes (T2D) and for use in GDM. The sys‑
tem is factory calibrated [24], with no need for 

daily reference SMBG calibration by the person 
with diabetes, and it can also be used to make 
insulin‑dosing decisions without the need for an 
adjunct SMBG test.

It has been shown previously that the use of 
scanning CGM is associated with substantial 
reductions in hospital admissions for ADEs, both 
for people with T1D or with T2D. The RELIEF 
study, using data from the national French 
claims database (SNDS), reported that in the 
12 months after starting to use scanning CGM, 
people with T1D had a 49.0% reduction in hos‑
pital admissions for ADEs [18], and people with 
T2D had 39.4% fewer admissions for ADEs [18]. 
The reductions, both in T1D and in T2D, were 
driven by a lower incidence of hospitalization 
for DKA and were maintained at 24 months after 
starting scanning CGM [19]. The RELIEF study 
has also confirmed that the use of scanning CGM 
in people with T2D on basal insulin treatment is 
also associated with significantly reduced rates 
of hospital admission for DKA and severe hypo‑
glycemia, for at least 2 years after initiation of 
scanning CGM [20]. Other studies have shown 
that using scanning CGM compared to SMBG is 
associated with a 25–40% reduction in all‑cause 
hospital admissions for people with T1D [25, 26] 
and a 11–15% reduction in all‑cause admissions 
for people with T2D treated with insulin [25, 27]. 
Given that the costs of hospitalization can be as 

Fig. 4  Distribution of treatment costs of diabetes for Italy modelled on data from (a) Umbria and (b) Campania
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high as €4835 for each person with diabetes and 
significant comorbid disease in Italy (Table 5, 
Supplementary Table S1), such reductions in 
hospital admission can be substantial. Further 
studies are needed to better understand the rela‑
tionship between use of scanning CGM or other 
CGM systems in healthcare utilization for car‑
diovascular disease, neuropathy, nephropathy 
and retinopathy in this context, all of which are 
comorbid complications of diabetes.

An additional cost‑saving benefit of using 
scanning CGM is that the daily use of SMBG test 
strips for people with T1D or T2D on MDI and 
for people with T2DM on basal‑only insulin ther‑
apy is considerably reduced [18–20]. For people 
with T1D or T2D, an 80% fall in daily test strip 
use has been documented in the 2 years after 
starting scanning CGM [19], with a 35% reduc‑
tion in daily test strip use for people with T2D 
on basal insulin only therapy [19]. The estimated 
annual cost of using SMBG for daily glucose test‑
ing in Italy is €1.3 billion as a direct treatment 
cost of diabetes [9], which constitutes a consider‑
able proportion of the total overall cost of dia‑
betes care for Italy. The potential cost savings of 
using scanning CGM are therefore persuasive.

Overall, poor treatment adherence in Italy 
leads to lower health‑related outcomes and 
increased costs [7, 8]. At least one study investi‑
gating newer models of care in diabetes in Italy 
[28] has concluded that people with diabetes 
need straightforward treatment plans that can 
address their diabetes needs at any time and that 
fit with their real‑world daily lives. Use of scan‑
ning CGM can provide a solution for daily glu‑
cose monitoring that meets these needs.

Limitations and Strengths

As with all modelling strategies, our study has 
limitations and strengths. A first limitation is 
that we have assumed that the data from the 
Umbria and Campania regions are representative 
of the national landscape of diabetes and diabe‑
tes care. However, a strength of our analysis is 
that together the Umbria and Campania regions 
cover approximately 10% of the Italian popula‑
tion, which gives us confidence that we are deal‑
ing with a representative population. However, 

we accept that regional diversity across Italy 
may include variations in healthcare utilization 
that make this a speculative assumption. A sec‑
ond limitation is that we cannot confirm that 
diabetes management at regional and national 
levels has been consistent or compliant with 
national guidelines, as might be inferred by the 
differential in the number of untreated patients 
between Umbria and Campania. Lastly, an addi‑
tional limitation pertains to the study period of 
2014–2018, which may result in an underestima‑
tion of costs. While the national reimbursement 
rates for the healthcare services in question have 
remained constant up until 2023, this limitation 
can be attributed to the exclusion of new tech‑
nologies approved after 2018. Strengths of our 
study are the large size of the patient cohort ana‑
lyzed and the detailed treatment and prescribing 
codes that have allowed us to define separate 
diabetes treatment groups within the total popu‑
lation and assign real direct costs of care.

CONCLUSIONS

Our study is the first to make a detailed analysis 
of the annual direct treatment costs for people 
in Italy with diabetes on different antidiabetic 
therapeutic regimens, including intensive insu‑
lin therapy with MDI, non‑intensive basal insu‑
lin therapy and non‑insulin therapy. We show 
that treatment costs are similar for those treated 
with MDI (T1D/T2D‑MDI) or with basal insu‑
lin only (T2D‑Basal) and substantially higher 
than for people with T2D not on insulin ther‑
apy (T2D‑Oral). In the T1D/T2D‑MDI and T2D‑
Basal treatment cohorts, the main cost driver is 
hospitalization and the per‑patient cost of treat‑
ment increases significantly as the number of 
comorbid conditions rises. The costs of diabe‑
tes treatment indicate that people with T2D on 
MDI or basal insulin only regimens in Italy can 
benefit from having access to a glucose‑sensing 
technology which is known to be associated 
with reduced hospitalization for acute diabetes 
events.
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