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Abstract: Patients with rare diseases (RDs) need tailored, continuous, and multidisciplinary hospital
care. This retrospective cohort study aimed to analyse the healthcare burden of RD patients using
a multi-database approach, by linking the data of the Rare Diseases Registry of Tuscany with the
regional hospital discharge database. The study population included 21,354 patients diagnosed with
a RD between 1 January 2000 and 31 December 2017. The healthcare burden was evaluated for all the
RDs during 2009–2018 period. The hospitalisation rate (per 1000) decreased over the years, ranging
from 606.9 in 2009 (95% CI: 589.2–625.0) to 443.0 in 2018 (95% CI: 433.2–453.0). A decrease in the
average length of stay (LOS) was observed in the earlier years, followed by an increase up to a steady
trend (8.3 days in 2018). The patients with RDs of metabolism and the genitourinary system showed
the highest hospitalisation rate (903.3 and 644.0 per 1000, respectively). The patients with rare immune
system disorders and diseases of the skin and subcutaneous tissue showed the highest LOS (9.7 and
9.5 days, respectively). The methodological approach presented in this population-based study makes
it possible to estimate the healthcare burden of RDs, which is crucial in the decision-making and
planning aimed at improving patient care.

Keywords: rare diseases; disease registry; hospitalisation; length of stay; data linkage

1. Introduction

Rare diseases (RDs) are a public health priority [1]. According to the Regulation
of the European Commission (No. 141/2000), a RD is defined as a condition affecting
no more than 5 per 10,000 people [2,3]. There are currently up to 8000 described RDs
and, although individually rare, these disorders collectively affect 6–8% of the European
population, corresponding to over 30 million people [4,5]. Due to their rarity and lack of
clinical expertise, the early diagnosis of RDs is often difficult, resulting in delayed access to
hospital care and pharmacological therapy [6].

RDs are severe, multi-systemic, often life-threatening or chronically debilitating, and
capable of impairing physical and mental abilities and shortening life expectancy. Most of
them have a genetic aetiology, often with an onset at birth or in childhood, making them
leading causes of hospitalisations in the paediatric population [7–10].

RDs have a considerable impact on affected individuals, their families, health care
providers, and the community [11]. Patients with RDs need tailored, continuous, highly
specialised, and often multidisciplinary hospital care. RDs are therefore a major public
health issue and their primary prevention, as well as ensuring access to safe diagnosis and
quality care, should be a priority for public health policies worldwide [12,13].

However, the real burden of RDs is difficult to estimate, mainly due to the paucity of
reliable population data. In addition, the lack of proper coding for many RDs in administra-
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tive healthcare data makes it difficult to identify and retrieve information on hospitalised
cases [14,15].

Few studies have analysed the hospitalisation of RD patients at population level.
Such studies are more often based on hospital-based cohorts or on cohorts extracted from
hospital administrative data rather than based on population data [16–21].

The use of population-based registries is an effective tool to provide available data
for epidemiological studies, and to support the healthcare management of RDs through
the production of epidemiological indicators based on a specific geographical area [22,23].
These registries are often characterised by a high degree of case ascertainment, but they
usually lack clinical data.

The aim of this population-based study was to characterise the healthcare burden of
RD patients in terms of hospitalisation rate, length of stay (LOS), inpatient proportions,
and main discharge diagnosis, using a multi-database approach to integrate data collected
by a population-based RD registry, with hospital discharge records, routinely collected at
local level.

2. Materials and Methods
2.1. Study Design and Population

This was a retrospective cohort study. The study population included all patients
with a RD, residing in Tuscany, an Italian region of 3,701,343 inhabitants (source: Italian
National Institute of Statistics as of 1 January 2018), diagnosed between 1 January 2000 and
31 December 2017.

2.2. Data Source

RD cases were extracted by the population–based Rare Diseases Registry of Tus-
cany (RDRT). RDRT monitors all RDs according to Italian Law (Decree of the Presi-
dent of the Council of Ministers, 01/2017), with a specific exemption from co-payment.
Overall, 509 RDs, classified into 16 nosological groups, were included in the study (see
Supplementary Table S1). The registry has been active since 2005 and is based on a regional
network, allowing the detection of all cases diagnosed at any age by any of the regional
health centres, as well as being one of the main contributors to the National Centre of Rare
Diseases of the Italian National Institute of Health [24].

All RD cases, endowed with a unique regional anonymous identification number,
were linked to regional mortality database; the Registry Office database was also used to
identify the patients, in the cohort, who had died or moved from the study area during
the study period. In this way, the exact number of prevalent cases was calculated for each
year. Next, the prevalent cases were linked to the regional Hospital Discharge Database
(HDD), exploiting all the discharges registered between 1 January 2009 and 31 December
2018 (Figure 1).
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The HDD collects data related to the admissions of all the inpatients accessing care in
the Italian National Health Service. In this study, inpatients were defined as RD patients
with at least one hospital discharge during the study period. Admissions were defined
as ‘ordinary’, when the inpatient stayed overnight in hospital (i.e., LOS ≥ 1) and as a
‘day-case’, when the inpatient was admitted to receive planned medical or paramedical
services without staying overnight in hospital.

Both the diagnoses and the procedures were recorded according to the International
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM).

Each hospital discharge record, according to inpatient’s age, gender, main diagnosis,
secondary diagnoses, surgical or not surgical procedures performed, and status of the
patients at discharged, is assigned to a specific Diagnosis-Related Group (DRG) [25]. In
1994, the Ministry of Health adopted the DRG for the inpatients Reimbursement of the
Italian National Health Service (DM 15 April 1994). DRGs are classified into two groups:
surgical and medical. In this study, we used this information to identify patients undergoing
to a surgical procedure (DRG surgical) and those on whom a surgical treatment was not
performed (DRG medical).

2.3. Study Outcomes and Data Analysis

Two lines of analysis were carried out: analyses performed on the whole cohort (all
RDs investigated) and analyses performed by RD group.

For the whole cohort, ten-year (2009–2018) hospitalisation trends, referred to as hospi-
talisation rate (for overall, ordinary and day-case admissions), LOS, and inpatient propor-
tions were calculated. The distribution of the main discharge diagnosis in 2018, identified by
the principal discharge diagnosis ICD-9-CM codes, was also analysed. For these analyses,
if a patient had more than one RD, she/he was counted only once.

More detailed indicators of hospitalisation were calculated to evaluate the healthcare
impact for each RD group in the cohort of RD patients prevalent at 1 January 2018, who had
a hospital discharge between 1 January and 31 December 2018. In particular, proportions
of inpatients, total number of admissions by type (ordinary/day-case), hospitalisation rate
(with 95% confidence interval, 95% CI), and average LOS were calculated. Additionally,
the distribution by type of admission (i.e., ordinary, day-case), emergency admissions, and
DRG type (surgical/medical) were calculated by each RD group. RD groups with ten or
fewer RD cases (i.e., infectious and parasitic diseases and neonatal morbidities of perinatal
origin groups) were not included in this analysis. Therefore, analyses by RD group were
performed on 14 nosological groups. For these analyses, if a patient had more than one RD
in different RD groups, she/he was counted in each RD group.

Hospitalisation rate (per 1000 cases) was calculated as the ratio between the total
number of discharges occurring during the year and the total number of prevalent RD
patients at 1 January of each year.

Average LOS was computed for ordinary admission only as the ratio between the
total number of hospital days (date of discharge minus date of admission) by the number
of discharges.

A Poisson regression model was also used to test time trends in hospitalisation.
A p-value less than 0.05 was considered statistically significant when performing

statistical analyses.
Statistical analyses were conducted using Stata, version 16 (StataCorp LP, College

Station, TX, USA).

3. Results
3.1. Description and Time Trend of Hospitalisation of the Cohort

The study involved 21,354 patients diagnosed with a RD between 1 January 2000 and
31 December 2017 (males: 9795, 45.9%; females: 11, 559, 54.1%). The mean age at diagnosis
was 43.2 ± 25.4 (males: 41.5 ± 26.2; females: 44.6 ± 24.6).
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In the study period (1 January 2009–31 December 2018), 93,605 hospital discharges
were observed (50,914 ordinary admissions and 42,691 day-case admissions) with an
average LOS of 8.1 days.

The trend of the hospitalisation rate, for the whole cohort significantly decreased
(p < 0.001) from 606.9 per 1000 cases in 2009 (95% CI: 589.2–625.0) to 443.0 per 1000 cases in
2018 (95% CI: 433.2–453.0) (Figure 2).
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Figure 2. Hospitalisation time trend, overall and by type of admission.

For the ordinary admissions, the hospitalisation rate slightly decreased, showing a
steady trend from 2014 to the end of the study period. For the day-case admissions, the
rate reached a maximum of 323.9 in 2011 (95% CI 312.5–335.7) and then decreased in the
following seven years, down to 198.7 (95% CI 192.2–205.4) in 2018.

The inpatient proportions decreased from 34.5% (2009) to 24.7% (2018) (Figure 3).
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In particular, a significantly higher percentage of females among the inpatients was
observed for the first three years of the study period (p < 0.05), while, subsequently, no
significant differences were observed.
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Concerning the average LOS, a decreasing trend was observed up to 2014 (7.8 days),
followed by an increase up to a quite steady trend in the last years (8.3 days in 2018)
(Figure 4).
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Figure 4. Time trend of average length of stay (expressed in days) in hospital.

Concerning the main causes of hospitalisation, the time trend remained almost stable
for all the ICD-9-CM groups, with two exceptions. In particular, the main discharge
diagnoses due to endocrine, nutritional and metabolic diseases, and immunity disorders
showed an increasing trend from 2009 (7.2%) to 2013 (11.7%), followed by a steady trend
until 2016 and a decrease until the end of the study period, with percentages ranging
between 11.3% and 13.8% (Figure 5a). By contrast, a decreasing trend was observed for the
main discharge diagnoses due to diseases of the musculoskeletal system and connective
tissues from 2015 (10.3%) to 2018 (5.9%) (Figure 5b).
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Table 1. Main discharge diagnosis for overall inpatients in 2018.

Main Discharge Diagnosis ICD-9-CM Overall
Hospitalisations n (%)

Ordinary
Admissions n (%)

Day-Case
Admissions n (%)

Infectious and parasitic diseases 001–139 138 (1.7) 110 (2.5) 28 (0.8)

Neoplasms 140–239 586 (7.4) 352 (8.1) 234 (6.5)

Endocrine, nutritional and
metabolic diseases,

and immunity disorders
240–279 899 (11.3) 152 (3.5) 747 (20.8)

Diseases of the blood and
blood-forming organs 280–289 185 (2.3) 49 (1.1) 136 (3.8)

Diseases of the nervous system
and sense organs 320–389 1021 (12.8) 416 (9.5) 605 (16.8)

Diseases of the circulatory system 390–459 681 (8.6) 600 (13.7) 81 (2.3)

Diseases of the respiratory system 460–519 774 (9.7) 718 (16.4) 56 (1.6)

Diseases of the digestive system 520–579 480 (6.0) 339 (7.8) 141 (3.9)

Diseases of the
genitourinary system 580–629 547 (6.9) 266 (6.1) 281 (7.8)

Diseases of the skin and
subcutaneous tissue 680–709 100 (1.3) 51 (1.2) 49 (1.4)

Diseases of the musculoskeletal
system and connective tissue 710–739 469 (5.9) 270 (6.2) 199 (5.5)

Congenital anomalies 740–759 311 (3.9) 138 (3.2) 173 (4.8)

Specific procedures and aftercare V50–V59 76 (1.0) 34 (0.8) 42 (1.2)

Other * 1694 (21.3) 871 (19.9) 823 (22.9)

Abbreviation: ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification. * Other
main discharge diagnoses refer to: Mental disorders (290–319), complications of pregnancy, childbirth, and the
puerperium (630–679), certain conditions originating in the perinatal period (760–779), symptoms, signs, and ill-
defined conditions (780–799), injury and poisoning (800–899), supplementary classification of factors influencing
health status and contact with health services (V01–V89, except V50–V59), supplementary classification of external
causes of injury and poisoning (E800–E999).

The most common main discharge diagnoses were of diseases of the nervous system
and sense organs (12.8% of the total number of discharges) and to endocrine, nutritional
and metabolic diseases, and immunity disorders (11.3%). In terms of the ordinary admis-
sions, the most common main discharge diagnoses were of diseases of the respiratory
and circulatory system (16.4% and 13.7%, respectively). For the day-case admissions, the
most frequent main discharge diagnoses were of endocrine, nutritional and metabolic
diseases, immunity disorders (20.8%), and diseases of the nervous system and sense
organs (16.8%).

3.2. Hospitalisation by Rare-Disease Group

The number of RD patients at 1 January 2018 were 17,608, for a total of 7801 admissions
between 1 January and 31 December 2018.

The highest proportion of inpatients was reported for patients with RDs of the
metabolism (42.9%) while, the lowest, was registered among individuals with RDs of
the eye and adnexa (8.6%) (Table 2).
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Table 2. Number of cases, proportions of inpatients, admission type (ordinary/day-case), emergency
admission, average LOS and DRG type (medical/surgical), by group of rare diseases.

Groups of Rare Diseases Cases
n (%)

Inpatients
n (%)

Admission Type
n (%)

Emergency Admission *
n (%)

Average
LOS (Days) DRG Type n (%)

Ordinary Day-Case Medical Surgical

Neoplasms 796 (4.5) 200 (25.1) 163 (44.5) 203 (55.5) 62 (38.0) 6.1 255 (69.7) 111 (30.3)

Endocrine diseases 858 (4.8) 105 (12.2) 71(45.5) 85 (54.5) 27 (38.0) 6.6 117 (75.0) 39 (25.0)

Metabolic diseases 1344 (7.6) 577 (42.9) 382 (31.5) 832 (68.5) 242 (63.4) 7.5 1079 (88.9) 135 (11.1)

Immune system disorders 1090 (6.1) 236 (21.7) 231 (53.5) 201 (46.5) 116 (50.2) 9.7 328 (75.9) 104 (24.1)

Diseases of the blood and
blood-forming organs 1027 (5.8) 233 (22.7) 190 (44.2) 240 (55.8) 101 (53.2) 7.6 345 (80.2) 85 (19.8)

Peripheral and central
nervous system disorders 3831 (21.5) 969 (25.3) 1060 (63.2) 616 (36.8) 605 (57.1) 9.4 1248 (74.5) 428 (25.5)

Disorders of the
eye and adnexa 1161 (6.5) 100 (8.6) 86 (68.8) 39 (31.2) 41 (47.7) 5.5 60 (48.0) 65 (52.0)

Circulatory system diseases 1591 (8.9) 354 (22.3) 393 (71.5) 157 (28.5) 220 (56.0) 6.9 349 (63.5) 201 (36.5)

Respiratory diseases 979 (5.5) 274 (28.0) 403 (82.1) 88 (17.9) 223 (55.3) 8.4 357 (72.7) 134 (27.3)

Digestive disorders 190 (1.1) 42 (22.1) 58 (80.6) 14 (19.4) 33 (56.9) 9.3 46 (63.9) 26 (36.1)

Diseases of the
genitourinary system 368 (2.1) 117 (31.8) 125 (52.7) 112 (47.3) 58 (46.4) 6.7 187 (78.9) 50 (21.1)

Diseases of the skin and
subcutaneous tissue 983 (5.5) 184 (18.7) 177 (71.7) 70 (28.3) 101 (57.1) 9.5 152 (61.5) 95 (38.5)

Diseases of the
musculoskeletal system and

connective tissue
1320 (7.4) 382 (28.9) 434 (68.0) 204 (32.0) 200 (46.1) 8.7 469 (73.5) 169 (26.5)

Congenital anomalies,
chromosomal aberrations

and genetic syndromes
2237 (12.6) 657 (29.4) 583 (44.5) 727 (55.5) 234 (40.1) 8.1 1030 (78.6) 280 (21.4)

Abbreviations: LOS, length of stay; DRG, diagnosis-related groups. * Proportion of emergency admissions referred
to the total of ordinary admissions for each rare disease group.

No significant differences between males and females were observed in the inpatient
proportions (data not shown) except for a higher percentage of females in the group of rare
metabolic diseases (46.3% vs. 40.4% for males, p = 0.03) and in the group of diseases of the
eye and adnexa (10.8% vs. 7.0% for males, p = 0.02).

In 9 out of the 14 analysed RD groups, there was a higher proportion of ordinary
than of day-case admissions. The highest proportion of ordinary admissions was observed
for the RD groups of respiratory diseases (82.1%) and digestive disorders (80.6%). The
day-case admissions more frequently occurred in the patients with rare metabolic diseases
(68.5%) (Table 2).

Among the ordinary admissions, the highest frequency of emergency admissions was
observed in the patients with rare metabolic diseases (63.4%). For 8 out of the 14 groups
of RDs, more than half of the ordinary admissions were emergency admissions. Con-
versely, the lowest proportions of emergency admissions were observed for the patients
with rare neoplasms, endocrine diseases, and congenital anomalies (38.0%, 38.0%, and
40.1%, respectively).

The average LOS ranged from 5.5 to 9.7 (Table 2). In particular, the highest average
LOS was observed for the inpatients with rare immune system disorders, RDs of the skin
and subcutaneous tissue, peripheral and central neural disorders, and digestive disorders
(9.7, 9.5, 9.4 and 9.3, respectively). By contrast, inpatients with rare disorders of the eye and
adnexa showed the lowest average LOS.

All the RD groups were characterised by a markedly higher percentage of medical
than surgical DRGs, except for the inpatients with RDs of the eye and adnexa, 52% of whom
required surgical procedures (Table 2).

The group of rare metabolic diseases had the highest overall hospitalisation rate
(903.3 per 1000), while the group of rare disorders of the eye and adnexa had the lowest
(107.7 per 1000) (Table 3).
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Table 3. Hospitalisation rate (per 1000 cases), overall, by type of admission, and by group of
rare diseases.

Groups of Rare Diseases Hospitalisation Rate (95% CI)

Overall Ordinary Admissions Day-Case Admissions

Neoplasms 459.8 (413.9–509.4) 204.8 (174.5–238.7) 255.0 (221.1–292.6)

Endocrine diseases 181.8 (154.4–212.7) 82.7 (64.6–104,4) 99.1 (79.1–122.5)

Metabolic diseases 903.3 (853.2–955.5) 284.2 (256.4–314.2) 619.0 (57.7–662.6)

Immune system disorders 396.3 (359.8–435.5) 211.9 (185.5–241.0) 184.4 (159.8–211.7)

Diseases of the blood and blood-forming organs 418.7 (380.0–437.6) 185.0 (159.6–213,3) 233.7 (205.1–265.2)

Peripheral and central nervous system disorders 437.5 (416.8–458.9) 276.7 (260.3–293.9) 160.8 (148.3–174.0)

Disorders of the eye and adnexa 107.7 (89.6–128.3) 74.1 (59.2–91.5) 33.6 (23.9–45.9)

Circulatory system diseases 345.7 (317.4–357.8) 247.0 (223.2–272.7) 98.7 (83.8–115.4)

Respiratory diseases 501.5 (458.1–547.9) 411.6 (372.4–453.9) 89.9 (72.1–110.7)

Digestive disorders 378.9 (296.5–477.2) 305.2 (231.8–394.6) 73.7 (40.3–123.6)

Diseases of the genitourinary system 644.0 (564.6–731.4) 339.7 (282.7–404.7) 304.3 (250.6–366.2)

Diseases of the skin and subcutaneous tissue 251.3 (220.9–284.6) 180.1 (154.4–208.6) 71.2 (55.5–90.0)

Diseases of the musculoskeletal system
and connective tissue 483.3 (446.5–522.3) 328.8 (298.6–361.2) 154.5 (134.1–177.3)

Congenital anomalies, chromosomal
aberrations and genetic syndromes 585.6 (554.3–618.2) 260.6 (239.9–282.6) 324.9 (301.8–349.5)

Among the ordinary admissions, the highest and lowest hospitalisation rates were
observed in the group of respiratory diseases (411.6 per 1000) and in patients with disorders
of the eyes and adnexa (74.1 per 1000), respectively.

The group of metabolic diseases reported the highest day-case hospitalisation rate,
while the lowest was detected in the group of rare disorders of the eyes and adnexa
(619.0 per 1000 and 33.6 per 1000, respectively).

4. Discussion

RDs are heterogeneous life-threatening conditions associated with multimorbidity
and long-term disability. RDs require multidisciplinary, chronic, ongoing hospital care, as
well as highly specialised and tailored care pathways, which exert an extremely high social
and economic burden [26]. Because of their rarity, RDs represent significant challenges
for affected patients, their families, and for clinicians attempting to define diagnoses and
implement the best care [27,28]. Moreover, the lack of epidemiological and clinical data is a
major issue in health-service planning for RDs [14].

The whole cohort of prevalent RD cases involved in this study, representing less
than 1.0% of the Tuscany population, had a higher number of hospital discharges and
a longer average LOS than the general population of Tuscany. In particular, the overall
hospitalisation rates in the RD population were from four-to three-fold higher than those
of the Tuscany population (154.0 and 134.8 in 2009 and 2018, respectively), and the average
LOS was two days longer compared to that of the general population (6.6 days and 6.5 days
in 2009 and 2018, respectively) [29]. The greater hospitalisation rate of the patients with
RDs was expected and was the consequence of several factors, such as the chronicity of
the diseases, disease-related complications, and frequent side effects related to therapy
regimens [26]. These results are in line with those reported in the study carried out
by Navarrete-Opazo et al. (2021) in the US, who observed longer hospitalisations for a
population with RDs than for patients with common conditions [30].

Our results showed a decreasing annual trend of hospitalisation in the patients with
RDs from 2009 to 2018, in terms of both hospitalisation rates and in inpatient proportions.
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The decrease in the overall hospitalisation rate appears to have been driven by the decrease
in the day-case hospitalisation rate observed from 2011 (323.9) to 2018 (198.7), while
the ordinary hospitalisation rate showed a steady trend from 2014. These results might
suggest the better planning of day-case admissions, greater use of outpatient healthcare, or
improvements in treatment regimens.

Over the past decade, advances in diagnostic testing leading to early diagnosis may
have prevented the need for unnecessary and inappropriate hospital admissions [31,32].
Moreover, the significant research progress in treating genetic diseases, which account
for 80% of total RDs, and the development and approval of new orphan drugs, may
have modified specific care pathways and reduced the disease burden on patients, with a
prolongation of their survival and, above all, an improvement in their quality of life [33–35].

For the average LOS, we observed a difference of almost one day across the 2009–2018
period, which has major implications for the healthcare costs for RD patients, especially if
considered over a long period of time. The results for the hospitalisation rate and average
LOS could be a starting point for studies on the costs of hospitalisation. Studies on the
burden of RDs and on their costs are important to plan the distribution of resources, which
are usually allocated using a prevalence-based criterion, thus disadvantaging the allocation
of funding for the prevention, diagnosis, and treatment of RDs.

Concerning the analysis by RD group, we observed the highest overall hospitalisation
rate for the patients with rare metabolic diseases (equal to 903.3 per 1000 cases), which
was affected by the fact that the highest day-case hospitalisation rate was also observed
for these patients (619.0 per 1000 cases, which is at least 2–3-fold higher than the other
groups of RDs). These results may be attributable to patients suffering from inherited
metabolic diseases, for which they received multidisciplinary medical hospital service for
diet-, drug-, and enzyme-replacement therapy, and neurodevelopmental and psychological
evaluations [36].

The proportions of inpatients by group of RDs, observed in our study, are in line with
those reported by Valent et al. (2019) [21], who carried out a study based on the rare-disease
registry of Friuli Venezia Giulia, a region in Northern Italy monitoring the same groups of
rare diseases, as reported by the Italian Ministry of Health. The reproducibility of the results
in two different Italian regions, based on data of the same nature, confirms the importance
of the applied methodological approach, allowing the integration of population-based
registry data with administrative healthcare data, and its potential for health planning
and research.

Emergency admissions were found to be a major burden for patients affected by
metabolic diseases (63.4%). This result could be attributable to patients suffering from
hereditary hemochromatosis and amyloidosis, which are the most frequent (20.1% and
13.6%, respectively) diseases in this group, and for the first ones emergency hospitalisations
are often related to complications caused by the visceral overload of iron, such as cirrhosis,
or to episodes of acute liver failure. For the patients with amyloidosis, the emergency
admissions could have been due to multiple systemic complications involving the brain,
kidney, and heart [37–39].

Among the patients suffering from rare respiratory diseases and rare digestive dis-
orders, we found the highest percentage of ordinary admissions. This finding might be
explained by the composition of the respiratory- and digestive-diseases groups involved in
our study and, in particular, by the nature of the most frequent diseases in each group. In
the group of respiratory diseases, sarcoidosis was the most frequent, since 45.4% of cases in
this group were affected by this rare disease. Sarcoidosis is a chronic disease that mainly
affects the lungs, although granulomatous infiltration often also involves the heart, eyes,
and nervous system, resulting in significant morbidity and mortality [40,41]. For the group
of digestive disorders, achalasia, the most frequent disease (64.4%), is characterised by
dysphagia associated with regurgitation of undigested solid and liquid foods; therefore,
patients are often admitted to hospital for endoscopy or surgical treatments [42].
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In general, the results presented here could stimulate studies on specific rare diseases,
which would allow more detailed investigations on hospitalisation, both to assess the
healthcare burden of disease and to evaluate eventual associations with survival and
therapeutic regimens [43].

The major strength of this epidemiological study is that it made it possible to examine
the inpatients’ characteristics and the trends in the hospitalisation of the patients with RDs
by using population-based registry data linked to their hospital discharge data. Using this
multi-database approach, we provided a reliable estimation of the healthcare burden in a
large cohort of patients diagnosed with a RD in a defined geographical area. Moreover, the
results of this population-based cohort study showed that patients with RDs had a higher
number of hospital admissions and a longer average LOS than the general population.
Therefore, these data provide evidence of the increased costs of hospitalisation for RDs and
their economic impact on healthcare.

The limitation of the study is that the diseases monitored in the RDRT are those
monitored by the Italian law (Decree of the President of the Council of Ministers, 01/2017)
and endowed with a code of exemption from co-payment (see Supplementary Table S1).
For this reason, although this study reports the healthcare burden referring to a group of
more than 500 RDs, it cannot be considered a comprehensive assessment of all known RDs,
as reported by Orphanet. Another limitation is that a reliable comparison between our
results and those of other international studies is not easy because of the different groups
of RDs considered, given that our study was based on the list of diseases monitored by the
Italian law.

5. Conclusions

These findings add important knowledge on the hospitalisation profile of RD patients
in terms of hospitalisation rates, the main discharge diagnoses, the proportion of inpatients,
the types of admission, and the average length of stay. These indicators were produced by
applying a multi-database approach using a population-based registry in synergy with a
regional hospital discharge database. This method could be considered a useful approach
to assessing the burden of RDs in a specific geographical area, relying on a significant
cohort of cases. The method produced results that can support healthcare decision making
and health-policy planning in order to improve the quality of care for RD patients and to
optimise the allocation of health-care resources to reduce the burden of RDs.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph19137553/s1. Table S1. List of rare diseases endowed with
an exemption code, as defined by Italian law, and included in the study.

Author Contributions: Conceptualisation, A.C., M.S. and S.B.; methodology, S.B., M.S., A.P., L.M.,
F.G. and A.C.; formal analysis, S.B, M.S., L.M. and A.C.; data curation, S.B, M.S., L.M. and A.C.;
writing—original draft preparation, S.B. and A.C.; writing—review and editing, S.B., M.S., A.P., L.M.,
F.G. and A.C.; supervision, A.C. and M.S. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Tuscany Region requests the delivery of an Informative Note to each
patient (document available at: https://malattierare.toscana.it/static/media/uploads/INFORMATIVA.
pdf; accessed on 23 April 2022) prior to their inclusion in the Rare Diseases Registry of Tuscany,
according to Article 13 of the Privacy Code (Legislative Decree 196/2003 Privacy Code). The Infor-
mative Note specifies that the data of patients can be used for research and surveillance purposes.
Researchers performing analyses cannot in any way obtain the identities of patients and only aggre-
gated results are published.

Data Availability Statement: The data that support the findings of this study are available from
Regione Toscana, but restrictions apply to the availability of these data, which were used under

https://www.mdpi.com/article/10.3390/ijerph19137553/s1
https://www.mdpi.com/article/10.3390/ijerph19137553/s1
https://malattierare.toscana.it/static/media/uploads/INFORMATIVA.pdf
https://malattierare.toscana.it/static/media/uploads/INFORMATIVA.pdf


Int. J. Environ. Res. Public Health 2022, 19, 7553 11 of 12

license for the current study, and are not publicly available. However, the data are available from the
authors upon reasonable request and with the permission of Tuscany Region.

Acknowledgments: We thank all the clinicians and health professionals throughout the rare disease
network of Tuscany Region involved in collecting the cases. We also thank Fondazione Toscana
“Gabriele Monasterio” and Sanità digitale e innovazione of Regione Toscana for providing health in-
formation. The Rare Diseases Registry of Tuscany is funded by the Tuscany Region—Direzione Diritti
di cittadinanza e coesione sociale, and it is managed by the Fondazione Toscana “Gabriele Monasterio”
in collaboration with the Institute of Clinical Physiology of the National Research Council.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. European Organisation for Rare Diseases. Rare Diseases: Understanding This Public Health Priority; EURORDIS: Paris, France, 2005;

Available online: http://www.eurordis.org/IMG/pdf/princeps_document-EN.pdf (accessed on 23 April 2022).
2. Baldovino, S.; Moliner, A.M.; Taruscio, D.; Daina, E.; Roccatello, D. Rare diseases in Europe: From a wide to a local perspective.

Isr. Med. Assoc. J. 2016, 18, 359–363. [PubMed]
3. European Commission. Regulation (EC) No 141/2000 of the European Parliament and of the Council of 16 December 1999 on Orphan

Medicinal Products; European Commission: Brussels, Belgium; Available online: https://eur-lex.europa.eu/legal-content/EN/
TXT/HTML/?uri=CELEX:32000R0141&from=EN (accessed on 23 April 2022).

4. Hedley, V.; Murray, H.; Rodwell, C.; Aymé, S. Overview Report on the State of the Art of Rare Disease Activities in Europe.
Available online: http://www.rd-action.eu/rare-disease-policies-in-europe/ (accessed on 23 April 2022).

5. Council of the European Union. Council Recommendation of 8 June 2009 on European action in the field of rare diseases. Off. J.
Eur. Union 2009, 151, 7–10. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009H0703(02)
(accessed on 23 April 2022).

6. Zurynski, Y.; Deverell, M.; Dalkeith, T.; Johnson, S.; Christodoulou, J.; Leonard, H.; Elliott, E.J.; APSU Rare Diseases Impacts on
Families Study Group. Australian children living with rare diseases: Experiences of diagnosis and perceived consequences of
diagnostic delays. Orphanet J. Rare Dis. 2017, 12, 68. [CrossRef] [PubMed]

7. GBD 2017 DALYs and HALE Collaborators. Global, regional, and national disability-adjusted life-years (DALYs) for 359 diseases
and injuries and healthy life expectancy (HALE) for 195 countries and territories, 1990-2017: A systematic analysis for the Global
Burden of Disease Study 2017. Lancet 2018, 392, 1859–1922. [CrossRef]

8. Wright, C.F.; FitzPatrick, D.R.; Firth, H.V. Paediatric genomics: Diagnosing rare disease in children. Nat. Rev. Genet. 2018,
19, 253–268. [CrossRef]

9. Moffitt, K.B.; Case, A.P.; Farag, N.H.; Canfield, M.A. Hospitalization charges for children with birth defects in Texas, 2001 to 2010.
Birth Defects Res. A Clin. Mol. Teratol. 2016, 106, 155–163. [CrossRef]

10. Yoon, P.W.; Olney, R.S.; Khoury, M.J.; Sappenfield, W.M.; Chavez, G.F.; Taylor, D. Contribution of birth defects and genetic
diseases to pediatric hospitalizations. A population-based study. Arch. Pediatr. Adolesc. Med. 1997, 151, 1096–1103. [CrossRef]

11. Schieppati, A.; Henter, J.I.; Daina, E.; Aperia, A. Why rare diseases are an important medical and social issue. Lancet 2008,
371, 2039–2041. [CrossRef]

12. Valdez, R.; Ouyang, L.; Bolen, J. Public Health and Rare Diseases: Oxymoron No More. Prev. Chronic Dis. 2016, 13, E05. [CrossRef]
13. Rofail, D.; Maguire, L.; Kissner, M.; Colligs, A.; Abetz-Webb, L. A review of the social, psychological, and economic burdens

experienced by people with spina bifida and their caregivers. Neurol. Ther. 2013, 2, 1–12. [CrossRef]
14. Groft, S.C.; Posada de la Paz, M. Rare diseases—Avoiding misconceptions and establishing realities: The need for reliable

epidemiological data. In Rare Diseases Epidemiology; Groft, S.C., de la Paz, M.P., Eds.; Springer: Dordrecht, The Netherlands, 2010;
pp. 3–14.

15. Rico, J.; Echevarría-González de Garibay, L.J.; García-López, M.; Guardiola-Vilarroig, S.; Maceda-Roldán, L.A.; Zurriaga, Ó.;
Cavero-Carbonell, C. The interoperability between the Spanish version of the International Classification of Diseases and
ORPHAcodes: Towards better identification of rare diseases. Orphanet J. Rare Dis. 2021, 16, 121. [CrossRef] [PubMed]

16. Blazsik, R.M.; Beeler, P.E.; Tarcak, K.; Cheetham, M.; von Wyl, V.; Dressel, H. Impact of single and combined rare diseases on
adult inpatient outcomes: A retrospective, cross-sectional study of a large inpatient population. Orphanet J. Rare Dis. 2021, 16, 105.
[CrossRef] [PubMed]

17. Cai, X.; Genchev, G.Z.; He, P.; Lu, H.; Yu, G. Demographics, in-hospital analysis, and prevalence of 33 rare diseases with effective
treatment in Shanghai. Orphanet J. Rare Dis. 2021, 16, 262. [CrossRef] [PubMed]

18. Shi, X.; Liu, H.; Zhan, S.; Wang, Z.; Wang, L.; Dong, C.; Wang, Y.; Yao, C.; Ding, J.; Li, Y. Rare diseases in China: Analysis of
2014–2015 hospitalization summary reports for 281 rare diseases from 96 tertiary hospitals. Orphanet J. Rare Dis. 2019, 14, 160.
[CrossRef] [PubMed]

19. Chiu, A.T.G.; Chung, C.C.Y.; Wong, W.H.S.; Lee, S.L.; Chung, B.H.Y. Healthcare burden of rare diseases in Hong Kong—Adopting
ORPHAcodes in ICD-10 based healthcare administrative datasets. Orphanet J. Rare Dis. 2018, 13, 147. [CrossRef]

http://www.eurordis.org/IMG/pdf/princeps_document-EN.pdf
http://www.ncbi.nlm.nih.gov/pubmed/27468531
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32000R0141&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32000R0141&from=EN
http://www.rd-action.eu/rare-disease-policies-in-europe/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009H0703(02)
http://doi.org/10.1186/s13023-017-0622-4
http://www.ncbi.nlm.nih.gov/pubmed/28399928
http://doi.org/10.1016/S0140-6736(18)32335-3
http://doi.org/10.1038/nrg.2017.116
http://doi.org/10.1002/bdra.23470
http://doi.org/10.1001/archpedi.1997.02170480026004
http://doi.org/10.1016/S0140-6736(08)60872-7
http://doi.org/10.5888/pcd13.150491
http://doi.org/10.1007/s40120-013-0007-0
http://doi.org/10.1186/s13023-021-01763-y
http://www.ncbi.nlm.nih.gov/pubmed/33750434
http://doi.org/10.1186/s13023-021-01737-0
http://www.ncbi.nlm.nih.gov/pubmed/33639989
http://doi.org/10.1186/s13023-021-01830-4
http://www.ncbi.nlm.nih.gov/pubmed/34103049
http://doi.org/10.1186/s13023-019-1137-y
http://www.ncbi.nlm.nih.gov/pubmed/31262329
http://doi.org/10.1186/s13023-018-0892-5


Int. J. Environ. Res. Public Health 2022, 19, 7553 12 of 12

20. Walker, C.E.; Mahede, T.; Davis, G.; Miller, L.J.; Girschik, J.; Brameld, K.; Sun, W.; Rath, A.; Aymé, S.; Zubrick, S.R.; et al.
The collective impact of rare diseases in Western Australia: An estimate using a population-based cohort. Genet. Med. 2017,
19, 546–552. [CrossRef] [PubMed]

21. Valent, F.; Deroma, L.; Moro, A.; Ciana, G.; Martina, P.; De Martin, F.; Michelesio, E.; Da Riol, M.; Macor, D.; Bembi, B.; et al. Value
of the Rare Disease Registry of the Italian Region Friuli Venezia Giulia. Value Health 2019, 22, 1003–1011. [CrossRef]

22. Mazzucato, M.; Visonà Dalla Pozza, L.; Manea, S.; Minichiello, C.; Facchin, P. A population-based registry as a source of health
indicators for rare diseases: The ten-year experience of the Veneto Region’s rare diseases registry. Orphanet J. Rare Dis. 2014, 9, 37.
[CrossRef] [PubMed]

23. Kodra, Y.; Minelli, G.; Rocchetti, A.; Manno, V.; Carinci, A.; Conti, S.; Taruscio, D.; National Rare Diseases Registry Collaborating
Group. The Italian National Rare Diseases Registry: A model of comparison and integration with Hospital Discharge Data.
J. Public Health 2019, 41, 46–54. [CrossRef]

24. Coi, A.; Santoro, M.; Pierini, A.; Marrucci, S.; Pieroni, F.; Bianchi, F. Prevalence Estimates of Rare Congenital Anomalies by
Integrating Two Population-Based Registries in Tuscany, Italy. Public Health Genom. 2017, 20, 229–234. [CrossRef]

25. Fetter, R.B.; Shin, Y.; Freeman, J.L.; Averill, R.F.; Thompson, J.D. Case mix definition by diagnosis-related groups. Med. Care 1980,
18, 1–53.

26. Ferreira, C.R. The burden of rare diseases. Am. J. Med. Genet. A 2019, 179, 885–892. [CrossRef] [PubMed]
27. Angelis, A.; Tordrup, D.; Kanavos, P. Socio-economic burden of rare diseases: A systematic review of cost of illness evidence.

Health Policy 2015, 119, 964–979. [CrossRef] [PubMed]
28. EURORDIS. The Voice of 12,000 Patients: Experiences and Expectations of Rare Disease Patients on Diagnosis and Care in Europe;

EURORDIS-Rare Diseases Europe: Paris, France, 2009; pp. 1–324.
29. Italian Ministry of Health. Annual Report on Hospitalization Activity (Hospital Discharge 2018 Data) [In Italian]. Available

online: https://www.salute.gov.it/imgs/C_17_pubblicazioni_2898_allegato.pdf (accessed on 23 April 2022).
30. Navarrete-Opazo, A.A.; Singh, M.; Tisdale, A.; Cutillo, C.M.; Garrison, S.R. Can you hear us now? The impact of health-care

utilization by rare disease patients in the United States. Genet. Med. 2021, 23, 2194–2201. [CrossRef]
31. Madrigal, I.; Alvarez-Mora, M.I.; Karlberg, O.; Rodríguez-Revenga, L.; Elurbe, D.M.; Rabionet, R.; Mur, A.; Pie, J.; Ballesta, F.;

Sauer, S.; et al. Efficient application of next-generation sequencing for the diagnosis of rare genetic syndromes. J. Clin. Pathol.
2014, 67, 1099–1103. [CrossRef]

32. Pierson, T.M.; Adams, D.A.; Markello, T.; Golas, G.; Yang, S.; Sincan, M.; Simeonov, D.R.; Fuentes Fajardo, K.; Hansen, N.F.;
Cherukuri, P.F.; et al. Exome sequencing as a diagnostic tool in a case of undiagnosed juvenile-onset GM1-gangliosidosis.
Neurology 2012, 79, 123–126. [CrossRef]

33. Dawkins, H.J.S.; Draghia-Akli, R.; Lasko, P.; Lau, L.P.L.; Jonker, A.H.; Cutillo, C.M.; Rath, A.; Boycott, K.M.; Baynam, G.;
Lochmüller, H.; et al. Progress in Rare Diseases Research 2010–2016: An IRDiRC Perspective. Clin. Transl. Sci. 2018, 11, 11–20.
[CrossRef]

34. Institute of Medicine (US) Committee on Accelerating Rare Diseases Research and Orphan Product Development. Rare Diseases
and Orphan Products: Accelerating Research and Development; Field, M.J., Boat, T.F., Eds.; National Academies Press: Washington,
DC, USA, 2010. [CrossRef]

35. Pariser, A.; Yao, L. Rare Diseases and Orphan Drugs. In Pediatric Drug Development: Concepts and Applications; Mulberg, A.E.,
Murphy, D., Dunne, J., Mathis, L.L., Eds.; John Wiley & Sons Ltd.: Hoboken, NJ, USA, 2013; Volume 13, pp. 130–148.

36. Sestini, S.; Paneghetti, L.; Lampe, C.; Betti, G.; Bond, S.S.; Bellettato, C.M.; Maurizio, S. Social and medical needs of rare metabolic
patients: Results from a MetabERN survey. Orphanet J. Rare Dis. 2021, 16, 336. [CrossRef]

37. Sieloff, E.M.; Rutledge, B.; Huffman, C.; Vos, D.; Melgar, T. National trends and outcomes of genetically inherited non-alcoholic
chronic liver disease in the USA: Estimates from the National Inpatient Sample (NIS) database. Gastroenterol. Rep. 2021, 9, 38–48.
[CrossRef]

38. Prietsch, V.; Lindner, M.; Zschocke, J.; Nyhan, W.L.; Hoffmann, G.F. Emergency management of inherited metabolic diseases.
J. Inherit. Metab. Dis. 2002, 25, 531–546. [CrossRef]

39. Oladiran, O.D.; Oladunjoye, A.O.; Dhital, R.; Oladunjoye, O.O.; Nwosu, I.; Licata, A. Hospitalization Rates, Prevalence of
Cardiovascular Manifestations and Outcomes Associated With Amyloidosis in the United States. Cureus 2021, 13, e14177.
[CrossRef] [PubMed]

40. Ungprasert, P.; Crowson, C.S.; Achenbach, S.J.; Carmona, E.M.; Matteson, E.L. Hospitalization Among Patients with Sarcoidosis:
A Population-Based Cohort Study 1987–2015. Lung 2017, 195, 411–418. [CrossRef] [PubMed]

41. Gorini, F.; Coi, A.; Mezzasalma, L.; Baldacci, S.; Pierini, A.; Santoro, M. Survival of patients with rare diseases: A population-based
study in Tuscany (Italy). Orphanet J. Rare Dis. 2021, 16, 275. [CrossRef] [PubMed]

42. Pandolfino, J.E.; Gawron, A.J. Achalasia: A systematic review. JAMA 2015, 313, 1841–1852. [CrossRef]
43. Coi, A.; Barsotti, S.; Santoro, M.; Almerigogna, F.; Bargagli, E.; Caproni, M.; Emmi, G.; Frediani, B.; Guiducci, S.; Matucci Cerinic, M.; et al.

Epidemiology of systemic sclerosis: A multi-database population-based study in Tuscany (Italy). Orphanet J. Rare Dis. 2021, 16, 90.
[CrossRef]

http://doi.org/10.1038/gim.2016.143
http://www.ncbi.nlm.nih.gov/pubmed/27657686
http://doi.org/10.1016/j.jval.2019.04.1917
http://doi.org/10.1186/1750-1172-9-37
http://www.ncbi.nlm.nih.gov/pubmed/24646171
http://doi.org/10.1093/pubmed/fdx176
http://doi.org/10.1159/000481358
http://doi.org/10.1002/ajmg.a.61124
http://www.ncbi.nlm.nih.gov/pubmed/30883013
http://doi.org/10.1016/j.healthpol.2014.12.016
http://www.ncbi.nlm.nih.gov/pubmed/25661982
https://www.salute.gov.it/imgs/C_17_pubblicazioni_2898_allegato.pdf
http://doi.org/10.1038/s41436-021-01241-7
http://doi.org/10.1136/jclinpath-2014-202537
http://doi.org/10.1212/WNL.0b013e31825f047a
http://doi.org/10.1111/cts.12501
http://doi.org/10.17226/12953
http://doi.org/10.1186/s13023-021-01948-5
http://doi.org/10.1093/gastro/goaa091
http://doi.org/10.1023/A:1022040422590
http://doi.org/10.7759/cureus.14177
http://www.ncbi.nlm.nih.gov/pubmed/33936888
http://doi.org/10.1007/s00408-017-0012-7
http://www.ncbi.nlm.nih.gov/pubmed/28456873
http://doi.org/10.1186/s13023-021-01907-0
http://www.ncbi.nlm.nih.gov/pubmed/34127030
http://doi.org/10.1001/jama.2015.2996
http://doi.org/10.1186/s13023-021-01733-4

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Data Source 
	Study Outcomes and Data Analysis 

	Results 
	Description and Time Trend of Hospitalisation of the Cohort 
	Hospitalisation by Rare-Disease Group 

	Discussion 
	Conclusions 
	References

