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Abstract

Background The Brazilian Policy for Comprehensive Care for People with Rare Diseases was implemented in 2014;
however, national epidemiological data on rare diseases (RDs) are scarce and mainly focused on specific disorders.
To address this gap, University Hospitals, Reference Services for Neonatal Screening, and Reference Services for Rare
Diseases, all of which are public health institutions, established the Brazilian Rare Diseases Network (RARAS) in 2020.
The objective of this study was to perform a comprehensive nationwide epidemiological investigation of individuals
with RDs in Brazil. This retrospective survey collected data from patients receiving care in 34 healthcare facilities affili-
ated with RARAS in 2018 and 2019.

Results The survey included 12,530 participants with a median age of 15.0 years, with women representing 50.5%
of the cohort. Classification according to skin color demonstrated that 5044 (47.4%) participants were admixed. Most
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had a confirmed diagnosis (63.2%), with a predominance of phenylketonuria (PKU), cystic fibrosis (CF), and acro-
megaly. Common clinical manifestations included global developmental delay and seizures. The average duration

of the diagnostic odyssey was 5.4 years (+ 7.9 years). Among the confirmed diagnoses, 52.2% were etiological (bio-
chemical: 42.5%; molecular: 30.9%), while 47.8% were clinical. Prenatal diagnoses accounted for 1.2%. Familial recur-
rence and consanguinity rates were 21.6% and 6.4%, respectively. Mainstay treatments included drug therapy (55.0%)
and rehabilitation (15.6%). The Public Health System funded most diagnoses (84.2%) and treatments (86.7%). Hospi-
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talizations were reported in 44.5% of cases, and the mortality rate was 1.5%, primarily due to motor neuron disease

and CF.

Conclusion This study marks a pioneering national-level data collection effort for rare diseases in Brazil, offering
novel insights to advance the understanding, management, and resource allocation for RDs. It unveils an average
diagnostic odyssey of 5.4 years and a higher prevalence of PKU and CF, possibly associated with the specialized ser-

vices network, which included newborn screening services.

Keywords Rare diseases, Public Health System, Brazil, Brazilian Rare Diseases Network

Introduction

Rare diseases (RDs) are individually rare but collectively
affect a significant proportion of the population. Approx-
imately 71.9% of RDs have a genetic cause, and there are
over 6000 known RDs [1]. They represent a serious public
health problem with major unmet needs since many are
life-limiting or chronically debilitating. Patients and fam-
ilies with RDs often face long diagnostic journeys, while
healthcare professionals struggle with identifying, man-
aging, and obtaining accurate information about these
conditions. RDs are often associated with early mortality
and a considerable reduction in quality of life [1-5].

In Brazil, the Ministry of Health defines an RD as any
disorder that affects up to 65 per 100,000 individuals [3,
4]. Previous international studies have reported an esti-
mated population prevalence of RDs of 3.5-8.0%, sug-
gesting that they have a substantial impact on public
health [1, 5, 6]. Extrapolating these estimates to the Bra-
zilian population [7] produces a corresponding figure of
7.0-16.2 million Brazilians affected by RDs, highlighting
their significant burden and public health implications.

Brazil, the fifth-largest country worldwide, covers
8,510,417 square kilometers and is divided into five
regions with 26 states, a Federal District, and 5570
municipalities [7]. The Brazilian Unified Health System
(Sistema Unico de Satide [SUS]) was established in 1988
and aims to provide universal and equitable access to
promotion, prevention, and health care services for all
Brazilian citizens. Brazil has undergone an epidemio-
logical transition in recent decades, marked by signifi-
cant advancements in health indicators attributable to
external factors. Notably, hereditary diseases and con-
genital anomalies contribute significantly to child mor-
tality, ranking second among infant mortality causes
since 2005 [8, 9].

In January 2014, the Brazilian Policy for Comprehen-
sive Care for Persons with Rare Diseases was estab-
lished within the scope of the SUS. This policy aims to
reduce morbidity and mortality and improve the qual-
ity of life of individuals with RDs through promotion,
prevention, early detection, timely treatment, disabil-
ity reduction, and palliative care. It classifies RDs as
genetic and non-genetic, with genetic RDs grouped into
three categories: congenital anomalies and late-onset
disorders, intellectual disability, and inborn errors of
metabolism [10].

To date, over 30 reference services for RDs have been
accredited. This is still insufficient to meet population
demands. Most cases are treated in university hos-
pitals (UHs), but whether their human and techno-
logical resources are adequate for RD care is unknown
[10, 11]. Despite advances in diagnosis, mainly due to
the development of new technologies and the recent
organization of RD care in Brazil, the country lacks an
established system for registering RDs. Except for a few
infectious RDs that require mandatory reporting, epi-
demiological data on these conditions are scarce and,
when available, are often restricted to specific RDs [2,
3].

High-quality epidemiological data on RDs are essential
for understanding patient needs, enhancing healthcare
management, and identifying the potential beneficiaries
of clinical trials and novel therapies. However, epidemio-
logical research encounters obstacles since many studies
rely on limited national registries that often focus on spe-
cific disease groups [5]. Therefore, a coordinated effort
to map the epidemiology of RDs in Brazil is needed. The
Brazilian Rare Diseases Network (RARAS) was estab-
lished in 2020 to bridge this gap, including UHs, RD
reference services (RDRSs), and newborn screening ref-
erence services (NSRSs). This initiative encompasses a
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national survey of the epidemiology, diagnosis, clinical
presentation, and treatment of individuals with genetic
and non-genetic RDs. It has two phases: retrospec-
tive and prospective. The retrospective phase involved
data collection on RD cases treated at centers in 2018 and
2019, while data collection for the prospective phase has
been going on since 2022 [2, 3]. This study presents the
findings of the retrospective phase, undertaking a com-
parative analysis of distinct diagnostic status groups.

Materials and methods

A retrospective survey was conducted to collect data
from patients under diagnostic investigation or with
a diagnosis or suspicion of an RD who were evaluated
between 2018 and 2019 at 34 centers participating in the
RARAS. These centers include 15 UHs, 4 RDRSs, and 3
NSRSs, with the remaining centers having mixed roles: 8
are both an RDRS and a UH, 3 are both an RDRS and an
NSRS, and 1 is both an NSRS and a UH. A map of the
participating centers can be seen in Additional File 1.

This project’s methodology has been previously pub-
lished by Alves et al. [2] and Félix et al. [3]. All partici-
pating network services retrospectively searched for
cases with genetic and non-genetic RDs and those under
diagnostic investigation. Researchers collected data from
each service by accessing medical records, using a stand-
ardized form in the Research Electronic Data Capture
(REDCap) platform hosted at Ribeirao Preto Medical
School, University of Sao Paulo [12]. The original survey
is available at LattesData [13]. The form collected demo-
graphic, clinical, and therapeutic data. Given the dif-
ferent backgrounds of the data collectors, training was
conducted for the participating centers. Initially, a pilot
project was performed in five centers with different med-
ical record management forms (paper or electronic). Two
hundred and fifty cases were collected during the pilot
phase from December 7, 2020, to January 15, 2021. The
data were validated and curated. Based on this validation,
retrospective data collection was initiated in the centers,
which ended in March 2022.

Skin color was described according to the Brazilian
Institute of Geography and Statistics (IBGE) as parda
(admixed), branca (white), preta (black), amarela (yel-
low), and indigena (indigenous). Phenotypic data were
described according to the Human Phenotype Ontol-
ogy (HPO) [14] and limited to five terms per case. Diag-
nostic information was recorded based on international
ontologies (International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision
[ICD-10] [15]; Orphanet [ORPHA] [16]; or Online Men-
delian Inheritance in Man [OMIM] [17]), enabling com-
parison and aggregation with Orphadata. Reasons for
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hospitalization and causes of death were documented
using ICD-10 [3].

Data analyses were performed using the IBM® SPSS
Statistics software (version 26) and Python language
(version 3.9.17), leveraging the Pandas (version 1.5.3),
NumPy (version 1.24.3), and SciPy (version 1.10.1) librar-
ies. In the descriptive analyses, each individual was eval-
uated independently. In the comparative analyses based
on diagnostic status, each diagnosis was considered inde-
pendently, as an individual might have more than one
RD diagnosis. The chi-squared test was used to compare
nominal variables, while the Kruskal-Wallis test was
applied to compare continuous numerical variables. In
both cases, the Bonferroni correction was utilized for
multiple comparisons. The significance level was set at
0.05.

Results

Population

Data from 12,530 participants across 34 centers were col-
lected. Most of the sample was female (n=6331; 50.6%),
and 13 (0.1%) individuals had undetermined sex. The
median age was 15.0 years (interquartile range [IQR]:
7-31; mean: 24.9 + 20.4; range: 1-98) at the time of inclu-
sion (Fig. 1a). The sample’s characteristics are shown in
Table 1.

Classification according to skin color demonstrated
that 5044 (47.5%) individuals were admixed and 4881
(45.9%) were white. Most participants were born in the
Southeast (n=3765; 33.6%) and Northeast (n=23729;
33.2%) regions. Individuals born in 1750 Brazilian munic-
ipalities were included. Twelve participants (0.1%) were
born in other countries: two in Lebanon and one each
in Egypt, Ecuador, Guinea-Bissau, Japan, Paraguay, Peru,
Portugal, and Venezuela (Table 1). Most participants
lived in the Southeast region (n=3996; 32.8%), followed
by the Northeast region (n=3950; 32.5%).

The first evaluation at the participating centers
occurred at a median age of 6.2 years (IQR: 0.9-20.7).
The participants had a median follow-up duration of
2.8 years in the centers (IQR: 0.6—7.9) and 1.7 years in the
medical specialty (IQR: 0.1-1.7). Of the total sample, 92
participants were followed up in more than one partici-
pating center.

Diagnosis

Regarding diagnosis status, 7931 (63.2%) participants
had a confirmed diagnosis, while 2450 (19.5%) had a
suspected diagnosis, and 2177 (17.3%) were considered
undiagnosed. Sixty-seven participants had more than one
confirmed RD diagnosis: 65 had two, and two had three.
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Fig. 1 a Histogram of participants age and sex distribution (n=12,502) and b diagnostic status (n=12,279)

Regarding the diagnostic terminology, 6644 (64.7%)
of the diagnoses were recorded using an ORPHA code,
2794 (27.2%) using an ICD-10 code, and 825 (8.0%) using
an OMIM code. A total of 1778 different diagnostic codes
were mentioned. The most frequent diseases were phe-
nylketonuria (PKU; n=623), cystic fibrosis (CF; n=506),
and acromegaly (n=382; Table 2). The diagnostic codes
aggregated for the ten most prevalent conditions are

detailed in Additional File 2. Upon excluding cases diag-
nosed through newborn screening, the most frequent
diagnoses were CF (n=389), acromegaly (n=381), and
osteogenesis imperfecta (n=361). The distribution of the
most frequently reported diagnostic codes at each partic-
ipating center is detailed in Additional file 3.

Most confirmed diagnoses were etiological (n=5185;
52.2%), with clinical diagnoses accounting for the
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Table 1 Sample characteristics (n = 12,530)

N %
Color or race
Admixed 5044 47.5
White 4881 459
Black 609 5.7
Yellow 68 06
Indigenous 30 0.3
Sex
Female 6331 50.6
Male 6171 493
Undetermined 13 0.1
Region of birth
Southeast 3765 336
Northeast 3729 332
South 1659 14.8
Midwest 1377 12.3
North 673 6.0
Born in other countries 12 0.1
Region of residence
Southeast 3996 328
Northeast 3950 325
South 2081 171
Midwest 1497 12.3
North 642 53

remaining cases (1 =4743; 47.8%). Among the cases with
an etiological diagnosis, most were confirmed through
biochemical (n=2164; 42.5%), molecular (n=1574;
30.9%), and cytogenetic (n=691; 13.6%) diagnostic meth-
ods (Fig. 1b). The primary funder for the diagnostic tests
was the SUS (84.2%).

On average, 2.85 HPOs were reported per case.
The most frequent signs and symptoms were global
developmental delay (HP:0001263; n=1246), seizure
(HP:0001250; n=734), and short stature (HP:0004322;
n=678; Table 2). The median age at symptom onset was
0.8 years (IQR: 0-9; mean: 9.2), with a median age of 1
year for confirmed cases and 0.8 years for suspected diag-
noses (Table 3). Only 17.8% of participants experienced
symptom onset after the age of 18 years (n=1638).

The diagnosis was made prenatally in only 121 cases
(1.2%) and via newborn screening in 979 (9.9%) cases.
The median age at confirmatory diagnosis was 10.4 years
(IQR: 2.1-33.1) upon excluding prenatal and newborn
screening diagnoses (Table 3). The average time from the
onset of the first symptom to the diagnostic confirmation
was 5.4+ 7.9 years (n=4583).
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Family history

Family recurrence was reported in 2717 cases (21.6%)
and consanguinity in 803 cases (6.4%). Consanguinity
rates, expressed as percentages, were significantly higher
in the Northeast region (14.0%), followed by the South
(7.1%), North (6.5%), Southeast (6%), and Midwest (4.4%;
p<0.0001). The mean maternal age at the patient’s birth
was 27.7£7.0 years (range: 12—63), and the mean pater-
nal age was 31.7 + 8.4 years (range: 12-79).

Treatment

Regarding treatment, 6509 participants (54.3%) received
specific therapy to treat their RD or manage its signs and
symptoms. The most frequent therapies were drug ther-
apy (m=6108; 55.0%), rehabilitation therapy (n=1739;
15.6%), and dietary therapy (n=976; 8.8%). Drug treat-
ment was initiated at an average age of 22+21.8 years,
dietary treatment at 3.2+ 8.3 years, and rehabilitation at
14.9 £19.4 years. The primary funding source for treat-
ments was the SUS (86.7%), which supported 85.6% of
the drug treatments, 83.2% of the dietary treatments, and
88.2% of the rehabilitative treatments.

Multi-specialty medical follow-up was reported in
84.0% (n=9864) of participants. Apart from medical
genetics, the specialty where most data was collected,
neurology was the most consulted specialty, representing
31% of consultations, followed by endocrinology (22.6%),
neuropediatrics (21%), and ophthalmology (18.2%).

Hospitalization and death

A previous hospitalization was recorded for 4922 partici-
pants (44.5%). The mean number of hospitalizations was
4.12 +14.2 (range: 0-379), with 5% of participants under-
going at least 13 hospitalizations. The most frequent
reasons for hospitalization were ICD-10 codes E22.0
(acromegaly and pituitary gigantism; #=189), Q78.0
(osteogenesis imperfecta; n=161), and E84 (CF; n=125;
Table 2).

A mortality rate of 1.5% (n=177) was observed in the
studied population during the evaluated period. The
median age at death was 20.3 years (IQR: 1.6-55.7; mean:
30.3+27.8; range: 0-87.7). The leading causes of death
were ICD-10 codes G12.2 (motor neuron disease; n=30),
E84 (CF; n=10), and 146 (cardiac arrest; n=7; Table 2).
Autopsy was performed in 18 (10.3%) cases.

Table 3 presents comparative data on cases with con-
firmed diagnoses, suspected diagnoses, and undiagnosed
cases based on the investigated characteristics. Details
of the statistical results and pairwise comparisons with
Bonferroni correction are available in Additional file 4.



de Oliveira et al. Orphanet Journal of Rare Diseases (2024) 19:405 Page 6 of 13
Table 2 The ten most frequent disorders, signs and symptoms, causes of hospitalization, and causes of death
Most frequent diagnoses (N =12,261)*
Description N %
Phenylketonuria 623 5.1
Cystic Fibrosis 506 4.1
Acromegaly 382 31
Osteogenesis Imperfecta 360 29
Dystrophinopathy 278 23
Congenital adrenal hyperplasia 275 22
Neurofibromatosis 271 22
Mucopolysaccharidosis 225 1.8
Amyotrophic lateral sclerosis 21 1.7
Turner Syndrome 197 1.6
Most frequent signs and symptoms (N = 34,685)**
HPO Description N %
HP:0001263 Global developmental delay 1246 36
HP:0001250 Seizure 734 2.1
HP:0004322 Short stature 678 20
HP:0001249 Intellectual disability 514 1.5
HP:0001252 Hypotonia 451 13
HP:0005982 Reduced phenylalanine hydroxylase level 391 1.1
HP:0001324 Muscle weakness 390 1.1
HP:0002315 Headache 331 0.9
HP:0000252 Microcephaly 326 09
HP:0002015 Dysphagia 298 0.8
Most frequent causes of hospitalization (N = 4,922)***
ICD-10 Description N %
E22.0 Acromegaly and pituitary gigantism 189 38
Q780 Osteogenesis imperfecta 161 33
E84 Cystic fibrosis 125 25
J18-J189 Pneumonia, organism unspecified 119 24
G122 Motor neuron disease 87 1.8
E25 Adrenogenital disorders 50 1.0
E84.0 Cystic fibrosis with pulmonary manifestations 46 09
R56 Convulsions, not elsewhere classified 38 0.8
G71.0 Muscular dystrophy 33 0.7
G40 Epilepsy and recurrent seizures 32 0.6
Most frequent causes of death (N=177)
ICD-10 Description N %
G122 Motor neuron disease 28 15.8
E84 Cystic fibrosis 10 56
146 Cardiac arrest 7 39
R09.2 Respiratory arrest 3 1.7
196.9 Respiratory failure, unspecified 3 1.7
196.0 Acute respiratory failure 3 1.7
J96 Respiratory failure, not elsewhere classified 3 1.7
1384 Edema of larynx 2 1.1
E74.0 Glycogen storage disease 2 1.1
A419 Sepsis, unspecified organism 2 1.1
A41 Other sepsis 2 1.1

*Overall diagnoses. ** Total mentioned HPOs. **Number of individuals with previous hospitalizations
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Discussion

This study represents Brazil's first comprehensive evalu-
ation of RD epidemiology, embodying an innovative
approach based on collaborative efforts and a network-
based framework. The specialized services network,
including NSRSs, contributed to the higher prevalence
of PKU and CF diagnoses in this epidemiological survey.
Additionally, this study revealed the average duration of
the diagnostic odyssey for individuals with RDs in Bra-
zil (5.4 years). Moreover, a substantial portion of patients
with RDs were found to remain undiagnosed.

The study population mainly comprised individuals
born and residing in Brazil's Southeast, Northeast, and
Southern regions, respectively, which are ranked as the
most populous regions in the country [7]. Individuals
born in 1750 Brazilian cities were included, represent-
ing 31.4% of all national municipalities [7]. Notably, Sdo
Paulo city, with 12.4 million inhabitants, has the high-
est population and contributed the most participants
to this study. Higher rates of confirmed diagnoses were
found among participants born and residing in the South
and Southeast regions of the country compared to other
regions, likely due to the greater availability of genetic
testing and specialized resources for RDs in these areas,
as reported in previous studies [8, 9, 11, 18].

The newborn screening program in Brazil encompasses
PKU and CF, contributing to the high frequency of these
conditions in this study. The screening also covers con-
genital hypothyroidism, hemoglobinopathies, congeni-
tal adrenal hyperplasia, and biotinidase deficiency [3].
Sickle cell disease was excluded due to its non-rare sta-
tus in certain states of Brazil, especially among individu-
als with African ancestry [19]. Medical genetics services’
prevalence may have influenced the lower frequency of
congenital hypothyroidism. Upon excluding newborn
screening cases, PKU was not the most common diagno-
sis. A considerable number of cases of CF were not iden-
tified through neonatal screening. This may be due to the
inclusion of CF in the Brazilian neonatal screening pro-
gram around 2001 [20] and its complete incorporation
may not have occurred immediately. It is also important
to consider the possibility of false negatives in the screen-
ing process.

Acromegaly emerged as a notable focal point in our
study, standing out as one of the three most prevalent
conditions in seven participating centers and the most
frequent cause of hospitalization in the studied popula-
tion. This prominence could be attributed to the spe-
cialized nature of at least four of these centers, which
function as dedicated reference services for acromegaly
treatment. This specialization can potentially cause
selection bias, as individuals seeking care specifically
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for acromegaly may contribute disproportionately to the
study population from these centers.

In our study, 67 participants had multiple confirmed
RD diagnoses, which poses unique challenges and
impacts patients physically, emotionally, and financially.
With the advancing scope of genomic techniques, having
multiple confirmed RD diagnoses is becoming increas-
ingly common [21].

Compared to the 6.4% consanguinity rate observed in
our study, previous research indicates variable consan-
guinity rates in different populations. Leutenegger et al.
[22] found inbreeding in various populations around the
world, with the highest levels in the Middle East, Central
South Asia, and the Americas. A mean consanguinity
rate of 0.96% was reported in South America, with higher
rates in Venezuela (1.84%) and Brazil (1.60%) [23]. Pre-
vious studies have also indicated higher consanguinity
rates in the Northeastern region [24]. Factors such as low
paternal education and occupation levels were positively
associated with consanguinity [23]. The higher consan-
guinity rates in our study compared to previous stud-
ies can be attributed to the population of participants
with diagnosed or suspected RDs, including autosomal
recessive disorders.

Many participants experienced numerous hospitali-
zations, especially those with confirmed RD diagnoses,
suggesting that these hospitalizations may be related to
therapeutic requirements. This observation underscores
the complex, multidisciplinary specialized care that
individuals with RDs uniquely need and emphasizes the
importance of accordingly tailored accessible healthcare.
Previous studies have reported the elevated economic
burden of hospitalizations for RDs [6] and higher hos-
pitalization rates among patients with metabolic and
genitourinary system-related RDs [25]. Additionally, RDs
have been previously associated with unfavorable inpa-
tient outcomes, including in-hospital deaths, extended
stays, intensive care unit admissions, and 30-day read-
missions when compared to an inpatient population
without RDs [26].

Some form of instituted therapy was identified more
frequently among individuals with confirmed RD diag-
noses. Participants with confirmed RD diagnoses may
have received more frequent therapy due to selection
bias, reflecting possibly more severe symptoms and refer-
rals to specialized centers. Disease severity may have
also driven immediate therapy initiation for improved
management and outcomes. Ninety-two participants
received care from multiple centers, illustrating co-man-
agement challenges in complex, multisystem RDs [10,
25]. Our study also emphasized the importance of mul-
tidisciplinary care for individuals with RDs. However, it
is essential to acknowledge that medical genetics data
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Table 3 Comparative analysis based on diagnostic status

Confirmed diagnosis (N=7931) Suspected diagnosis (N=2450) Undiagnosed (N=2177) Significance

Median (IQR) Median (IQR) Median (IQR) P value
Age (years) (N=12,159) 18 (9-37) 13 (6-26) 11(6-18) <0.0001%
Age of symptom onset (years) 1(0-14) 0.8 (0-8) 0.2 (0-2) <0.0001*
(N=9328)
Age at first evaluation 7.3(0.7-26.8) 6.5(13-174) 3.8(0.9-10.8) <0.0001*
at the center (years) (N=11,546)
Age at first evaluation in the spe- 8.1 (1.1-27.3) 7.6(1.9-185) 56(1.7-12.6) <0.0001*
cialty (years) (N=11,277)
Length of follow-up at the center 3.7 (1-94) 13 (0.2-4.6) 1.8 (0.3-5.5) <0.0001*
(years) (N=11,592)
Length of follow-up in the spe- 2.7(06-7.2) 0.6 (0-2.6) 0.5(0-2.6) <0.0001*
cialty (years) (N=11,317)
Age at confirmatory diagnosis 104 (2.1-33.1) NA NA -
(years) (N=4944)
Number of previous hospitaliza- 2(1-4) 1(1-3) 1(1-2) <0.0001*
tions (N=4294)
Maternal age at birth (years) 27 (22-33) 27 (22-32) 27 (22-33) 0332
(N=4837)
Paternal age at birth (years) 31(25-37) 30(25.7-37) 31(25-37) 0.995
(N=3996)

N (%) N (%) N (%) Pvalue

Colororrace
White 3330 (66.6) 763 (15.3) 907 (18.1) <0.0001*
Admixed 3054 (61.2) 1072 (21.5) 863 (17.3)
Black 425 (69.2) 103 (16.8) 86 (14.0)
Yellow 45 (64.3) 11(15.7) 14 (20.0)
Indigenous 21 (70.0) 5(16.7) 4(13.3)
Sex
Female 4254 (67.4) 1085 (17.2) 971 (15.4) <0.0001%
Male 3687 (60.7) 1200 (19.8) 1184 (19.5)
Undetermined 7(53.8) 5(385) 1(7.7)
Region of birth
Southeast 2516 (66.3) 582 (15.3) 700 (18.4) <0.0001*
Northeast 2200 (59.6) 739 (20.0) 753 (204)
South 1258 (72.1) 213(12.2) 275 (15.7)
Midwest 828 (61.2) 325(24.0) 201 (14.8)
North 321 (47.8) 254 (37.9) 96 (14.3)
Born in other countries 7 (63.6) 2(18.2) 2(182)
Region of residence
Southeast 2688 (66.5) 610 (15.1) 744 (18.4) <0.0001*
Northeast 2339 (60.0) 800 (20.5) 758 (19.5)
South 1658 (76.2) 234(10.7) 286 (13.1)
Midwest 906 (61.5) 355 (24.1) 213 (14.4)
North 299 (46.8) 246 (38.6) 93 (14.6)
Family recurrence
No 4953 (62.9) 1418 (18.0) 1503 (19.1) 0.030
Yes 1713 (63.5) 531(19.7) 452 (16.8)
Consanguinity
No 5487 (61.5) 1697 (19.1) 1734 (19.4) <0.0001*

Yes 440 (55.1) 158(19.8) 200 (25.1)
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Table 3 (continued)

N (%) N (%) N (%) P value
Previous hospitalization
No 3789 (62.8) 1143 (19.0) 1099 (18.2) <0.0001*
Yes 3583 (70.4) 809 (15.9) 697 (13.7)
Death
No 7688 (65.0) 2113(17.9) 2021 (17.1) 0.094
Yes 127 (71.8) 30(16.9) 20(11.3)
Treatment related to rare disease
Yes 5317 (83.9) 620 (9.8) 397 (6.3) <0.0001*
No 134 (40.9) 73(22.3) 121 (36.8)

Each row corresponds to the total number of valid data, i.e., without considering missing values. In this analysis, each diagnosis was evaluated independently,

considering that a participant may have more than one RD diagnosis

P-values marked with * represent statistical significance (P < 0.05)

were not separately collected as a distinct medical spe-
cialty. Instead, this specialty was encompassed within the
primary care for most cases, where data collection and
treatment were conducted.

The SUS plays a vital role in RD diagnosis and treat-
ment. It serves as the primary funder for therapies and
diagnostic methods related to RDs. The SUS enables
the availability of genetic testing [11], specialized con-
sultations, and treatment options that incorporate the
National Committee for Health Technology Incorpo-
ration recommendations and enable the subsequent
development of clinical guidelines [10, 27]. Work-
ing as a network becomes essential to optimize the
use of resources and enhance collaboration between
institutions.

Five of the 34 participating centers exclusively care
for pediatric patients, while the remaining centers offer
care to both pediatric and adult patients. This distribu-
tion reflects the prevalence of RDs affecting individuals
across the age spectrum. Interestingly, our data revealed
a median age at symptom onset of 0.8 years, indicating
that symptoms typically manifest early in life. Addition-
ally, our findings show that over 80% of individuals expe-
rienced symptoms before the age of 18 years, surpassing
the figure of 70% reported in a previous study [1]. This
difference could be attributed to the participation of ded-
icated pediatric care centers in our study. Our findings
suggest that RD symptoms often present at a younger
age, highlighting the need for early diagnosis and inter-
vention, especially in pediatric patients, but continue to
pose challenges into adulthood.

The diagnostic odyssey, defined as the time from symp-
tom recognition to a definitive diagnosis [28], averaged
5.4 years, consistent with the figure of 4.8-7.6 years
reported in other studies worldwide [29, 30]. Notably,
a previous study in Brazil reported that the diagnostic

odyssey for mucopolysaccharidosis lasted 4.8 years [31].
Prolonged diagnostic odysseys for RDs often involve dis-
ease progression, incorrect diagnoses, invasive proce-
dures, delayed treatment initiation, financial burden, and
inappropriate interventions [32].

Despite thousands of described RDs, many remain
undiagnosed, subjecting individuals to prolonged, costly
diagnostic odysseys across multiple healthcare centers
[32]. However, even after such efforts, around 6% and
7% of patients with RDs in the United States and Aus-
tralia, respectively, remained undiagnosed even in expert
clinical settings [32, 33]. Factors that may explain the
higher rates of undiagnosed cases (exceeding 17%) in our
study include poor access to molecular diagnostic tech-
niques. A recent study by RARAS reported that molecu-
lar diagnostic tests were available in just over half of the
participating centers [11]. Most cases with an etiologi-
cal diagnosis were confirmed through biochemical and
molecular methods. Interestingly, while not the primary
confirmatory method, cytogenetic testing was the most
accessible diagnostic method in the participating centers,
according to the same study.

In the comparative analysis, individuals with a con-
firmed RD diagnosis showed a higher age, longer follow-
up duration in specialized centers, and higher number of
previous hospitalizations. Specifically, the undiagnosed
group may include individuals who are in the diagnos-
tic journey or odyssey and have not yet obtained a con-
firmed diagnosis. Subsequent investigations within the
RARAS initiative will aim to prospectively assess such
cases, establishing a national registry of RDs.

The average age at death was 30.3 years, representing a
47-year reduction compared to the Brazilian population’s
2021 life expectancy [34]. In our study, 25% of deaths
occurred within the first 1.6 years of life, indicating that
RDs significantly impact life expectancy. Previous data
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suggested that 22% of infant deaths were due to con-
firmed genetic disorders [35]. Causes of death related to
RDs vary and are often documented as complications
rather than the underlying disease. Cardiac and respira-
tory arrests were frequently recorded causes that did not
fully represent the primary cause. The accurate docu-
mentation of complications and comorbidities is crucial
in RDs, offering insights into disease progression and
leading to the development of targeted interventions to
improve patient care and reduce RD-related mortality
[36]. It is important to recognize that undiagnosed cases
might also contribute to mortality figures since some
individuals may miss the opportunity to receive care in
specialized healthcare facilities, leading to an unrealized
suspicion of an RD.

While our study provides valuable information, it has
limitations, including sample size and potential bias. The
estimated population prevalence for RDs ranged from 3.5
to 8.0% [1, 5, 6], suggesting a significantly larger affected
population. Considering the Brazilian population, the
country’s total number of individuals with RDs would
be 550—1200 times larger than the population studied in
this project phase [7]. It is essential to note that this study
did not include all national healthcare centers, poten-
tially missing patients not evaluated during the study or
not receiving care at participating centers. Moreover, the
predominance of genetic RDs may have resulted from the
specialized expertise and diagnostic resources in genetic
centers, leading to selection bias.

This study faced operational limitations related to data
sources, including finding, accessing, sharing, and reus-
ing information. A “data quality culture” was promoted
to address these issues, emphasizing the need for reli-
able and comprehensive data. Collectors had diverse
backgrounds and digital literacy levels, which could have
introduced errors and affected data reliability. Tools,
training, support materials, and dedicated channels
were provided to mitigate their effects. The complex
RD domain made case identification and classification
challenging, potentially leading to underreporting and
underdiagnosis. Awareness efforts, feedback sessions,
outlier identification, case discussions, and standardized
data collection protocols were implemented to address
this issue [2, 37].

This study revealed appreciable missing data in medical
records, which can introduce record-keeping, memory,
and registration biases. Missing data in medical records
can limit retrospective research, potentially due to reg-
istration bias. However, data collection directly from
participants in the prospective project phase aims to fill
these gaps. A potential contribution of our study is the
enhancement of registration methods. By identifying and
addressing limitations in data collection and diagnostic
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terminology classification, we lay the groundwork for
more accurate and comprehensive RD registration. This
enhancement improves our understanding of RD epide-
miology and supports the development of effective public
health policies and resource allocation strategies. Stand-
ardized data collection protocols and advanced informa-
tion systems will ensure that future studies and registries
capture vital data points, facilitating ongoing RD moni-
toring and research [2].

Diagnosis data in our study came from three different
ontologies, each with limitations regarding disease ter-
minology. While this study’s protocol allowed centers to
select RD terminology, including ICD-10, it had limita-
tions in RD classification [38, 39]. Accurate RD classifica-
tion is crucial for efficient healthcare resource allocation
and improved analysis for differential diagnosis and clini-
cal decision support. While data were aggregated from
the Orphadata database designed for RDs, this database
does not encompass all described RDs. In Brazil, ICD-10
remains the classification used by the SUS for diagnosis,
hospitalization, and death registration [10, 39]. In the
context of HPO terminology, it is noteworthy that the
number of HPO terms may have been underestimated
due to the limitation of five terms per case.

Future research within the RARAS will encompass the
diagnostic and treatment journey of participants with
multiple confirmed diagnoses, explore specific thera-
pies and the duration of hospitalizations, investigate the
correlation between diagnostic ontologies, and exam-
ine population genetics. Other research avenues include
exploring the relationship between parental age and RDs
and examining the correlations of diagnoses with avail-
able diagnostic methods at each center.

We also identified challenges in finding a minimal data
set (MDS) that applied to Brazilian patients with RDs. To
address this issue, we conducted a systematic review to
create a comprehensive MDS for future project phases
[40, 41]. Standardizing data collection through an MDS
is critical for accurately identifying RDs and optimiz-
ing diagnostic and treatment processes, particularly in
resource-limited settings. Validating it as a national tool
for epidemiological tracking and analysis is essential for
structuring health information systems and guiding more
effective public health policies. Further research phases
are required to refine prevalence estimates and compre-
hensively understand specific RDs and their impact on
the Brazilian population by including a broader range of
healthcare facilities. This retrospective analysis did not
address factors such as participants’ socioeconomic sta-
tus, referral sources, or willingness to participate in other
studies. However, these variables became part of the data
collection protocol and will be examined in forthcoming
studies.
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The perspectives presented here shed light on the
future research directions derived from our study, fos-
tering further advancements in the field. These data can
support future studies and ultimately lead to improve-
ments in RD diagnosis, treatment, and management.
Understanding the magnitude of RDs is crucial for effec-
tive resource allocation, policy development, and the
provision of appropriate healthcare services for affected
individuals [3, 5].

This multicenter study presents the initial nationwide
data on the care provided to individuals with RDs in Bra-
zil, highlighting the importance of collaboration between
specialized services. Reliable epidemiological data will
support public health approaches, including population
impact assessment, cost evaluation, and improved RD
management, and facilitate clinical trial development [5].
This study also emphasizes the vital role of the collected
information in shaping public policies while identifying
limitations such as data gaps and constrained terminolo-
gies for disease classification. Until this study was per-
formed, our understanding of RDs in Brazil, except for
specific disorders, was limited by a lack of comprehen-
sive evidence. Establishing a national network, including
data collection infrastructure, marked a significant step
towards advancing the understanding of RDs in Brazil
and addressing this gap.

The longitudinal and prospective continuation of this
study is necessary and currently underway, with the
expectation that it will impact health policy for RDs
regarding resource allocation and improving the qual-
ity of life of affected individuals. The results of our study
also provide valuable guidance for the refinement of data
collection forms and instruments, thereby enhancing the
effectiveness and accuracy of information related to RDs
in Brazil.
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