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Abstract 

Backgrounds  The incidence of Type 1 Diabetes (T1D) in children and adolescents is increasing by 3–4% per year. 
Children and adolescents with T1D (CwD) should receive person-centered, specialized treatment from a multidisci-
plinary team to ensure appropriate care. Italy is the first to implement a countrywide T1D screening program, which 
will raise the need for funding for specialized pediatric care. The study aims to update the organization of the Italian 
Centers for pediatric diabetes care.

Methods  In 2022, members of the 59 Italian Centers following CwD were invited to complete an email survey 
regarding the Centers’ organization, characteristics, and activities. The questionnaire included information on respond-
ers, department organization, team composition, activities, and the organizational structures: department, ambula-
tory care services (AC), simple operational units (UOS), simple departmental operational units (UOSd), and complex 
operational units (UOC).

Results  The data collected referred to the year 2022. According to the results, 21,318 people with diabetes were 
treated. Of these, 19,643 subjects (92.1%) have T1D (16,672 were CwD), 387 (1,8%) have Type 2 Diabetes, and 1,288 
(6,1%) have other forms of diabetes. Compared to the 2012 survey, a 13% decrease (from 68 to 59 Centers) 
in the number of pediatric Centers caring for CwD was observed with a parallel increase of total (+ 6.6%) and average 
(+ 22%) number of CwD per Center. The estimated prevalence of T1D has increased (1.4 vs. 1.7 per 1,000 CwD—2012 
vs. 2022). A reduction in numbers for AC (-22%) and UOS (-35%) was observed, whereas UOSd/UOC increased by 50%. 
Almost 35% of the dietitians and 40% of the psychologists were not permanent members of the multidisciplinary 
diabetes team.
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Conclusions  The observed decrease in the overall number of pediatric diabetes Centers, the reduction in special-
ized and dedicated HCPs, and the concurrent increase in the number of treated CwD in the last ten years indi-
cate an alarming situation for pediatric diabetes treatment in Italy. Furthermore, the projected rise in CwD due 
to the National T1D screening program emphasizes the need for increased resources for specialized pediatric care 
of CwD at all stages.

Keywords  Type 1 diabetes, Care, Children, Adolescents, Benchmarking, Team, Screening, Technology

Background
Type 1 Diabetes (T1D) is one of the most prevalent 
chronic metabolic diseases among children and adoles-
cents. In recent decades, the global incidence rate has 
increased by 3 to 4% per year, with significant regional 
variations [1, 2]. In Italy, T1D is the most frequent type 
of diabetes in children and adolescents (93%), followed by 
monogenic diabetes (6%), while type 2 diabetes accounts 
for less than 1% of the cases [3]. The incidence of T1D 
in people aged 0–18  years has been reported at 13 per 
100,000 person-years and prevalence at 1.4 per 1,000 [4]; 
more recently, a 33-year study found that the incidence 
of T1D in people aged 0–14 years increased from 12 per 
100,000 in 1989 to 26.6 per 100,000 in 2021 [5].

Providing care for children and adolescents with T1D 
(CwD) can be challenging as it requires parents/car-
egivers and, in most cases, the entire family. To ensure 
appropriate care, CwD should receive specialized, per-
son-centered care from a multidisciplinary team that 
includes diabetes-trained pediatricians, nurses with pedi-
atric diabetes training, dietitians trained in pediatrics, 
and psychologists trained in pediatrics with expertise 
in childhood diabetes [6, 7]. Other professional figures, 
such as social workers and psychiatrists, are recom-
mended as team members [8]. Moreover, structures of 
care should be assessed alongside processes and clinical 
and psychological outcomes [9]. At the same time, the 
continuous progress in the use of technology in diabetes 
management over the last decades [in particular, the use 
of continuous glucose monitoring (CGM), insulin pump 
(IP), and Automated Insulin Delivery systems (AID)] has 
radically changed the daily lives of CwD [10]. Technology 
has also enhanced the quality of life of CWD patients. 
Still, more specialized training is required to minimize 
one of the critical side effects of insulin therapy, such as 
hypoglycemia [11]. Continuous education and training 
for CwD and their parents/caregivers are critical for opti-
mizing metabolic management, lowering cardiovascular 
risk factors, and preventing and/or slowing down chronic 
consequences. Micro and macro-vascular complica-
tions are the primary cause of morbidity, mortality, and 
resource utilization among people with T1D [12, 13].

Diabetes is primarily managed in outpatient or ambu-
latory settings, and structure indicators reflect how 

delivery systems are organized and funded [9, 14]. 
The size and structure of the diabetes care team’s local 
organization will be determined by available resources 
and geographical and demographic characteristics [15]. 
To ensure enough experience for the pediatric diabetes 
team, the Center should provide care to at least 150 CwD. 
To follow up with CwD living in remote areas, teams 
from district or regional Centers could organize outreach 
clinics [9].

The optimal number of diabetes care providers per 100 
CwD has been previously suggested by the SWEET initi-
ative (SWEET is an acronym derived from ‘Better control 
in Pediatric and Adolescent diabeteS: Working to crE-
ate CEnTers of Reference) and the ISPAD (International 
Society for Pediatric and Adolescent Diabetes) guidelines 
to be 0.75–1.0 pediatric diabetologist, 1.0–1.25 diabetes 
nurse, 0.5 dietitians, 0.3 psychologists [6, 9].  In the last 
decades, several worldwide public and private health 
organizations and registries have focused on measur-
ing and improving the quality of care for CwD [16–18]. 
Recently, the Italian Society of Pediatric Endocrinology 
and Diabetology (SIEDP) launched the ISPED-CARD 
initiative (Italian Society of Pediatric Endocrinology Dia-
betology Continuous clinicAl monitoRing of Diabetes) 
underling the importance of monitoring and continuous 
improvement of quality of care for CwD [19].

In 1987, Italy promulgated a law on diabetes preven-
tion and care, which led to a reorganization of the Ital-
ian pediatric diabetes Centers. To improve care, in 2012, 
a “National Plan on Diabetes Disease” was approved; 
however, health organizations remain delegated to 20 
individual regions, and the availability of local resources 
could be very different among them. Recently, the Euro-
pean Commission established the EDENT1FI program 
(https://​www.​edent​1fi.​eu/) to look at the potential of 
screening and follow-up in several countries. After receiv-
ing endorsements from major Pediatric Societies [20] 
and with the support of Fondazione Italiana Diabete, 
Italy has become the first country to pass a law enabling 
autoantibody screening for T1D and Celiac Disease (CD) 
for all children and adolescents [21]. The law established 
that pediatric primary care physicians are the first point 
of contact for families and primary screening, integrated 
with the pediatric T1D expert regional Centers where 

https://www.edent1fi.eu/
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participants identified as at risk are referred to for follow-
up and monitoring [22]. T1D screening and follow-up will 
require specialized pediatric care resources to assist chil-
dren and adolescents in diabetes Centers [23], increasing 
the need for dedicated multidisciplinary teams.

The multidisciplinary diabetes team had only been 
implemented in a few Centers on the Italian territory, 
according to a 2012 survey [4]. Ten years later, this study 
produced an updated map of the organization and the 
availability of healthcare professionals (HCPs) in the 
Centers that follow up CwD.

Methods
In June 2022, a questionnaire about the organization, 
characteristics of the HCP employed, and type of activities 
of the Centers was proposed by email to the 180 ISPED 
members working in 59 pediatric Centers. We omitted 
diabetologists of the adults in the survey, as recent data 
reported that in Italy, less than 3% of CwD under 15 years 
of age are followed out of pediatric Centers [24].

The Heads of the Pediatric Centers involved were 
invited to send back information regarding their Center 
organization and activities in diabetes care at the time 
of the deadline (July 2022). Fifty-nine (59) Heads of the 
Pediatric Centers answered the survey by November 
2022; if the receivers did not return the questionnaire 
by the deadline, they were notified by email. The princi-
pal investigator (PI) obtained and processed incomplete 
questionnaires, contacting each Head of the Pediatric 
Centers individually via phone to assist them in complet-
ing the missing data. If questionnaires were coming from 
members of the same center (Head of the Center and 
other members), they were merged. When information 
was not homogeneous, PI directly contacted the Head 
to solve discrepancies. Consistency between the answers 
was evaluated, and it exceeded 90%.

The questionnaire
The questionnaire is reported in the Supplementary 
material (S1) and includes personal information on 
responders (qualification, degree, specialties, position); 
department organization and team composition (mul-
tidisciplinary or not, full-time equivalents of the staff 
working in the diabetes center, type of contract, and 
who is financing); activities (number of children in care, 
breakdown by age and by type of diabetes, number of 
days dedicated to treating patients/week, staff availability 
to install diabetes technology, to deliver a 24 h telephone 
service and consultations for the pediatric ward).

Organizational structures
Italy’s healthcare system is  regionally based. The Ital-
ian National Health Service (INHS) provides universal 

coverage, essentially free of charge at the point of ser-
vice. The INHS is organized into departments to opti-
mize technical and human resources; each department 
requires coordination and comprises several units with 
comparable and/or complementary abilities that operate 
together. The department organization for the delivery of 
diabetes care to the pediatric population varies and dif-
fers from region to region and from hospital to hospital. 
For example, there are public hospitals with dedicated 
pediatric units for treating diabetes or diabetes teams 
that work in larger pediatric departments.

In the questionnaire, terms with the following mean-
ings were used:

–	 Center for pediatric diabetes: a place where a child or 
adolescent (0–18 years) with T1D can be diagnosed 
and followed by pediatricians with experience in dia-
betes care, independently of the number of CwD fol-
lowed in that center;

–	 Department: an organization that includes differ-
ent units with similar and/or complementary skills 
working in an integrated way to optimize the use of 
technical and human resources; each department 
requires unique coordination;

–	 Ambulatory care services [AC] are clinics dedicated 
to specific healthcare activities;

–	 Simple operational units [UOS] represent functional 
structures of complex units and derive from specific 
articulations of clinical activities;

–	 Simple departmental operational units [UOSd] are 
structures created inside the department to organize 
and manage specific activities with responsibility and 
professional and organizational autonomy;

–	 Complex operational units [UOC] are organizational 
structures with all technical and professional activi-
ties that characterize a specific field. They have man-
agerial autonomy, significant technical and instru-
mental equipment, and a relevant role in achieving 
the department’s aims.

UOC and UOSd were examined together because they 
represented a small sample. Moreover, the organization 
of the structures was distinguished as Hospital, Univer-
sity, or Outpatient according to the primary orientation 
of the single center.

Statistical analysis
The Kruskal-Walis test was used to examine the distri-
bution of HCPs by departmental organization. The dis-
tribution of centers according to patients was analyzed 
using the Fisher Exact test. Statistical analyses were per-
formed using Jamovi (v. 2.5.2.0) software. The statistical 
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significance was assessed using a level of probability 
lower than 0.05.

Results
Fifty-nine responses from 59 Centers (100%) were 
received, with data collected referring to 2022. The 
completeness of this ascertainment was 100% of all 
Centers following CwD. Overall, 34 Centers were clas-
sified as AC, 11 as UOS, 10 as UOSd, and four as UOC; 
36 were Hospital, 20 were University, and 3 were Out-
patient structures (Fig.  1). The center’s distribution 
according to the Region is shown in Table  1. Figure  2 
shows the numerosity of Centers (expressed as absolute 

numbers and %) according to their geographical posi-
tion (North, Center, and South + Islands).

Number of patients
This survey shows that 21,318 people with diabetes 
were treated in the 59 Italian Centers. Of these, 19,643 
subjects (92.1%) have Type 1 Diabetes, 387 (1,8%) have 
Type 2 Diabetes, and 1,288 (6,1%) have other forms of 
diabetes. In the population with Type 1 Diabetes, 16,672 
subjects were 0–18  years old. The reported numbers of 
subjects were estimates provided by the Centers par-
ticipating in the survey. The estimated prevalence of 
T1D was calculated to be about 1.7 per 1,000 people 

Fig. 1  Classification of Italian Centers for the Treatment of Pediatric Diabetes in June 2022

Table 1  Distribution of pediatric Centers for diabetes in Italy in June 2022

Region AC UOS UOSd UOC Total number of 
Centers

Total of children and 
adolescents (< 18 years) with 
T1D

Mean 
number per 
Center

Valle d’Aosta 1 1 32 32

Piemonte 3 1 4 1339 335

Lombardia 5 2 1 8 2176 272

Liguria 2 2 450 225

Trentino-Alto Adige 1 1 2 432 216

Friuli Venezia Giulia 1 1 2 227 113

Veneto 1 2 1 4 935 234

Emilia Romagna 8 8 1070 134

Toscana 1 1 2 1116 558

Marche 1 1 321 321

Umbria 1 1 188 188

Lazio 1 1 1 3 1600 534

Abruzzo 1 1 421 421

Campania 1 1 1 3 2465 822

Puglia 3 2 5 820 164

Calabria 3 1 4 306 76

Sicilia 1 1 3 5 1934 387

Sardegna 2 1 3 840 280

Total 34 11 10 4 59 16,672
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(population 0–18 years in 2022 in Italy: 9.788.622, http://​
dati.​istat.​it/). A breakdown by age and type of diabetes 
is presented in Table  2. About 85% of people with T1D 
followed in the Italian pediatric Centers are under 18, 

13.6% are in the transitional age, and 1.5% are adults. The 
population of CwD enrolled was not normally distributed 
(Shapiro Wick test, p < 0.001); the median number of sub-
jects < 18 years treated was 117 (IQR 117) in Centers clas-
sified as AC, 245 (IQR 281) in Centers classified as UOS, 
and 371 (IQR 363) in Centers classified as UOSd-UOC. 
The distribution of Centers according to the number of 
CwD < 18 years on follow-up is reported in Table 3, strati-
fied by quartiles of the number of patients.

Centers organization
The 86% of the Centers have reported that pediat-
ric patients with diabetes and other endocrine disor-
ders were currently followed at the Center. More than 
90% of the responding Centers provided inpatient and 
outpatient services. For Centers classed as AC, UOS, 
and UOC/UOSd, the average number of weekly days 
devoted to treating CwD was 3.25, 4.45, and 4.71, respec-
tively. Most Centers (88%) provide a phone hotline with 
pediatric diabetologists on call 24/7; at smaller Centers, 

Fig. 2  The numerosity of the Center (%) is determined by their geographical position (North, Center, and South + Islands)

Table 2  Distribution by age groups of children and adolescents 
with Type 1 Diabetes and classification based on the form of 
diabetes

Class of Age No = 19.643

 < 6 years 2.052 (10.4%)

6- < 12 years 5.612 (28.6%)

12–18 years 9.008 (45.9%)

18- < 25 years 2.676 (13.6%)

 ≥ 25 years 295 (1.5%)

Diabetes type No = 21.318

Type 1 diabetes 19.643 (92.1%)

Type 2 diabetes 387 (1.8%)

Other forms 1288 (6.1%)

http://dati.istat.it/
http://dati.istat.it/
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additional physicians who work in the same building may 
cover the service. More than 85% (51/59) of the Centers 
were directly involved in the education and training of 
CwD and their parents/caregivers, and the majority were 
very active in using technology to treat T1D.

Healthcare Professionals (HCPs)
Table  4 displays the overall number and distribution 
of HCPs by department organization and the full-time 
equivalents (FTE) of working time dedicated to diabe-
tes care. Of these HCPs, 8.3% of the physicians (11/132), 
1.5% of the nurses (2/129), almost 35% of the dietitians 
(18/52), and 40% of the psychologists (16/40) were not 
a stable part of the multidisciplinary diabetes team and 
had annual contracts. Their contracts were primarily pro-
vided by hospitals (45% of physicians), regional govern-
ment (33% of dietitians and 25% of psychologists), and 
no-profit family organizations (28% of dietitians and 56% 
of psychologists). Furthermore, only four Centers cur-
rently employ other staff members (secretary, educator, 
social worker, and biotechnician).

Figure  3 reported the percentages of Centers with 0, 
1, 2, or ≥ 3 Healthcare Professionals (HCPs; physicians, 
nurses, dietitians, and psychologists) working with CwD. 
More than 1/3 of the Centers have no dietitians, and 
more than 40% have no psychologists. Table 5 reports the 
multidisciplinary team’s features for the number of CwD 
in follow-up, stratified by quartiles.

Discussion
This survey was an update to the earlier one, which 
described the organization of pediatric diabetes care in 
Italy in 2012 [4].  Compared to the previous one, a 13% 

reduction in the total number of pediatric Centers tak-
ing care of CwD has been registered (from 68 Centers 
in 2012 to 59 Centers in 2022). Moreover, a concurrent 
increase of total (+ 6.6%) and average (+ 22%) CwD per 
Center was shown. These data should be considered a 
gross calculated estimate for several reasons: i. data were 
reported from the Centers participating in the survey; 
ii. the small number of CwD not under the care of the 
involved Centers was not included. An increase in the 
estimated prevalence of T1D was observed [1.4 vs 1.7 per 
1,000 people (population 0–18  years 2012 vs 2022)]. As 
shown by Table 1 and Fig. 2, there was a significant vari-
ation in geographical distribution, organizational struc-
ture, and composition of the Centers. Despite having a 
larger geographical area, southern Italy had fewer pedi-
atric diabetes treatment Centers than the north. Further-
more, no Centers have been identified in the Basilicata 
and Molise regions. These differences could be attributed 
to the region’s geographical features and regional health-
care organizations.

Analyzing the numerosity and distribution of the four 
different organizational structures identified (AC, UOS, 
UOSd, and UOC), there was a reduction in numbers for 
AC (-22%) and UOS (-35%) with an increase of UOSd/
UOC (+ 50%) (Fig.  4). Furthermore, the AC followed 
less CwD (38% following < 100, 32% following < 154), 
whereas the more organized Centers followed more 
CwD. A shortage of crucial professional figures for mul-
tidisciplinary care has been described, including pedi-
atric diabetologists, specialized nurses, dietitians, and 
psychologists.  In 2012, fewer than half of the Centers 
had a multidisciplinary team available, indicating major 
regional and structural variations in the care provided to 

Table 3  Distribution of Centers stratified by quartiles of children and adolescents (< 18 years) with T1D. Fisher’s exact test

Number of centers (percentage)

Number of CwD Total AC (n = 34) UOS (n = 11) UOSd/UOC (n = 14) p-value

Q1: ≤ 100 17 13 (76%) 2 (12%) 2 (12%)  < 0.001

Q2: 101–154 13 11 (85%) 1 (7.5%) 1 (7.5%)

Q3: 155–397 14 6 (43%) 4 (28.5%) 4 (28.5%)

Q4: ≥ 397 15 4 (26.5%) 4 (26.5%) 7 (47%)

Table 4  Distribution of HCPs in absolute number and mean Full Time Equivalent (FTE)

Physician Nurse Dietician Psychologist

Total Absolute number Mean FTE 132 / 0.56 129 / 0.49 52 / 0.25 40 / 0.17

AC (n = 34) Absolute number Mean FTE 68 / 0.41 56 / 0.45 30 / 0.17 25 / 0.13

UOS (n = 11) Absolute number Mean FTE 25 / 0.72 23 / 0.44 9 / 0.36 6 / 0.19

UOSd/UOC (n = 14) Absolute number Mean FTE 39 / 0.81 50 / 0.67 13 / 0.38 9 / 0.21
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CwD and their parents/caregivers.  After ten years, the 
situation has not improved, and the FTEs of all the HCPs 
(physicians, nurses, dietitians, psychologists) in the mul-
tidisciplinary teams were way below the indicated thresh-
old values [6, 8] (Fig. 5).

The role of dietitians and psychologists has grown in 
importance in educating CwD and their parents/caregiv-
ers, particularly with the huge increased use of technol-
ogy (CGM, IP, and AID systems) for treating T1D [10]. 
The data analysis from this survey revealed a problematic 

condition, with more than one-third of the Italian Cent-
ers lacking dietitians and more than 40% lacking psy-
chologists. Furthermore, many of these HCPs working 
in the multidisciplinary diabetes team (35% of dietitians 
and 40% of psychologists) were on annual contracts and 
not stable members. Moreover, despite the reduction in 
pediatric diabetes care Centers, the increasing number of 
new T1D diagnoses, and the demanding burden of tech-
nology for T1D treatment, very few CwD are treated in 
non-pediatric Centers [24].

Fig. 3  Percentages of Centers with 0, 1, 2, or ≥ 3 Healthcare Professionals (HCP: physicians, nurses, dietitians, and psychologists) working 
with children and adolescents with T1D

Table 5  Distribution of HCPs (number and FTE) stratified by quartiles of children and adolescents (< 18 years) with T1D treated

Staff composition in relation to the number of the patients in follow-up

Number of CwD Physician (Mean number 
and FTE)

Nurse (Mean number 
and FTE)

Dietician (Mean number 
and FTE)

Psychologist (Mean 
number and FTE)

p-value

Q1: < 100 1.59
0.37

1.65
0.37

0.65
0.17

0.64
0.12

Q2: 100–154 1.77
0.49

1.54
0.41

0.85
0.20

0.46
0.15

Q3: 154–397 2.36
0.62

1.79
0.58

1.07
0.24

0.64
0.08

Q4: > 397 3.27
0.81

3.73
0.59

1.00
0.38

0.93
0.30
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Fig. 4  Distribution of the different pediatric Centers for treating pediatric diabetes in 2012 and 2022

Fig. 5  Distribution of mean HCPs Full Time Equivalent (FTE) stratified by quartiles of children and adolescents (< 18 years) with T1D treated in 2012 
and 2022. Physicians (Panel A), Nurses (Panel B), Dietitians (Panel C), and Psychologists (Panel D). The dotted lines represent the minimum value 
of the recommended optimal FTE/100 CwD according to SWEET and ISPAD [6, 8]
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We know from the literature that benchmarking anal-
ysis can confirm the high quality of care for CwD, par-
ticularly in pediatric Centers following national and 
international pediatric guidelines. The Italian Society of 
Pediatric Endocrinology and Diabetes (ISPED) through 
the ISPED-CARD initiative (Italian Society of Pediatric 
Endocrinology Diabetology Continuous clinicAl moni-
toRing of Diabetes) and the SWEET initiative through 
the registry [17] are thought to improve the quality of 
care in CwD, ensuring benchmarking analyses. Most of 
the responding Centers participate in national and inter-
national programs to measure and improve the quality of 
care for CwD.

Data from the international SWEET registry shows 
that switching from MDI to IP is significantly associ-
ated with improved glycemic control. Still, at the same 
time, it is necessary to pay more attention to nutritional 
education due to the risk of having a higher BMI-SDS 
[25, 26]. For these reasons, assistance from a multidis-
ciplinary team of experts in pediatric T1D has been 
described as crucial, as it was associated with improved 
glycemic control and reduced complications [27]. Both 
the increasing use of technology in treating T1D and 
the presence of the multidisciplinary team underline 
the request for having more stable HCPs in the Ital-
ian pediatric diabetes Centers; trained and specialized 
HCPs should support the Centers to reach at least the 
minimum requested FTEs value considered necessary 
to maintain high standards of care.

Furthermore, with the adoption of the national screen-
ing program for T1D for the global pediatric population 
in 2023, the required resources for specialized pediat-
ric care will increase. The national screening program 
has established that T1D expert regional Centers were 
responsible for education, autoantibody and metabolic 
monitoring, periodic visits, and overall assistance, includ-
ing possible psychological assessment and support when 
needed for children and adolescents who underwent 
the screening [22]. According to the estimations, estab-
lishing a screening regimen combined with follow-up of 
children with early-stage T1D might eventually increase 
the overall number of children in pediatric treatment for 
T1D by 60% [23]. The additional care that has been sug-
gested involves diabetes monitoring and counseling and, 
in some instances, anxiety treatment. These approxima-
tions have provided a basis for estimating the medical 
expenses linked to the extensive screening of children for 
T1D [28–30].

This survey has some limitations: i. the quality of care 
according to the average level of glycosylated hemo-
globin, number of severe hypoglycemias, prevalence of 
complications, number of users of technologies in the 

Centers, etc., has not been evaluated; ii. data were not 
considering the patient’s and/or their caregiver’s opinions 
on the quality of care through dedicated questionnaires. 
However, the complete Italian situation of T1D care in 
pediatric age has been described with a 100% response 
rate from the Centers; moreover, comparing the results 
with data from the 2012 survey could identify the critical 
points that need improvement.

Conclusions
The total number of pediatric diabetes Centers in Italy 
has decreased over the last decade. There has been 
a decline in the number of specialized HCPs, while 
the number of patients with CwD being treated has 
increased. This points to a significant trend in pedi-
atric diabetes care across the country. Furthermore, 
the national T1D screening program is expected to 
increase the number of children at risk for diabetes, 
which highlights the urgent need for additional fund-
ing to offer specialized pediatric treatment for CwD at 
every stage.
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