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ABSTRACT

Objective: To describe the demographic characteristics and hospital healthcare resource utilization
(HCRU) in people with cystic fibrosis (CF) in Brazil before the introduction of CF Transmembrane
Conductance Regulator modulators, using a public health database system. Methods: This
retrospective, cross-sectional study described demographic characteristics of people with CF
using the Outpatient Procedure Information System (SIA) and the Hospital Admission Information
System (SIH) databases from 2015 to 2019. Patients were identified in the SIH in each year using the
International Classification of Diseases (ICD-10) code E84. For the SIA, in addition to ICD-10, the record
of > 1 prescription of dornase alfa, pancreatic enzymes, or inhaled tobramycin in that year was also
considered. All analyses were descriptive and stratified by age. Results: The number of people with
CF in the SIA database increased from 3,737 in 2015 to 4,048 in 2019. Across all years, about half of
the population was male (range: 51.4%-52.8%), aged > 12 years, and resided in the southeast region.
The number of hospitalizations increased from 1,300 in 2015 to 1,508 in 2019. Annual hospitalization
rates per patient were higher among the youngest (<6 years) and oldest (>18 years) age groups than
in the > 6 to < 18-year age group. Most hospitalizations (>80%) required treatment for pulmonary
manifestations, and the average length of stay ranged from 11 to 15 days. Conclusion: CF poses
substantial HCRU burden to the public health system in Brazil. This study showed that people with
CF had a high rate of hospitalizations with lengthy stays per hospitalization.

RESUMO

Objetivo: Descrever as caracteristicas demogréficas e a utilizacdo de recursos em salde em
pessoas com fibrose cistica (FC), antes da introducdo dos moduladores de CFTR (do inglés, CF
transmembrane conductance regulator) no Brasil, utilizando a base de dados do sistema publico
de saude brasileiro. Métodos: Estudo transversal, retrospectivo, descrevendo as caracteristicas
demogriéficas e a utilizacdo de recursos em salde de pessoas com FC. O estudo utilizou a base
de dados do Sistema de Informacao Hospitalar (SIH) e do Sistema de Informacgées ambulatoriais
de Saude (SIA) do Departamento de informética do Sistema Unico de Satude do Brasil (Datasus)
entre 2015 e 2019. Pacientes foram identificados no SIH em cada ano por meio do cédigo E84 da
Classificacao Internacional de Doencas (CID-10). Para o SIA, em adicdo ao CID-10, o registro de > 1
prescricao de dornase alfa, enzimas pancredticas ou tobramicina inalatéria naquele ano também foi
considerado. Todas as anélises foram descritivas e estratificadas por idade. Resultados: O nimero
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de pacientes no SIA aumentou de 3.737 em 2015 para 4.048 em 2019. Aproximadamente metade
da populagédo com FC era do sexo masculino (intervalo: 51,4%-52,8%), apresentava idade > 12 anos
e residia na regido Sudeste. O nimero de hospitalizacdes na SIH aumentou de 1.300, em 2015, para
1.508, em 2019. Taxas anuais de hospitalizacdo por paciente foram maiores nas faixas etérias de
< 6anos e > 18 anos. A maioria das hospitalizacdes (>80%) requereu tratamento de manifestacoes
pulmonares, e o tempo médio de hospitalizagdo variou de 11 a 15 dias. Concluséo: A FC apresenta
uma carga substancial para o paciente e para o sistema de salide em termos de uso de recursos
hospitalares e ambulatoriais. Este estudo evidenciou que pessoas com FC tiveram alta taxa anual de
hospitalizacdes com longa permanéncia de internagéo.

Introduction

Cystic fibrosis (CF) is a life-threatening genetic disease that
affects > 105,000 people worldwide (Ahern et al, 2022,
Guo et al, 2022; Cystic Fibrosis Canada, 2023; Cystic Fibrosis
Foundation Patient Registry, 2023; Zolin et al., 2023). In Brazil,
the incidence is estimated to be 1in 7,576 live births (Raskin et
al.,, 2008). According to the Brazilian Registry, the prevalence
of CF in the country varies from 44.1% in the Southeast region
to 3.4% in the North region (REBRAFC, 2021), and the average
(standard deviation [SD]) age of death was 21.5 (9.92) years
old in 2021 (REBRAFC, 2021).

Dysfunction of the CF transmembrane conductance
regulator (CFTR) gene leads to the production of disruptive
viscous secretions along epithelial membranes in the lung
and other organs, such as the pancreas, liver, and intestine
(Dickinson & Collaco, 2021). The progression of CF is not
homogeneous and can start anytime from birth to several
decades later (Chen et al, 2021). The typical natural history
of CF involves intermittent episodes of pulmonary exacerba-
tions, the eventual advancement of lung disease to respira-
tory failure, and premature death (Turcios, 2020). People with
CF experience, on average, a decline in lung function by 1-3
percentage points annually (Liou et al, 2010). Lung disease
remains the leading cause of complications and mortality in
people with CF (Turcios, 2020). CF is associated with substan-
tial healthcare resource utilization (HCRU) due to its chronic
and progressive nature. Studies in the United States, France,
and Australia have shown substantial HCRU, which is primar-
ily attributable to hospital stays and medications (Lieu et al,
1999; Ouyang et al,, 2009; Briesacher et al,, 2011; van Gool et al,,
2013; Grosse et al,, 2018; Thorat et al., 2021; Durieu et al., 2022).

Significant advances have been made to improve CF treat-
ment and management, including the discovery of the CFTR
gene, the implementation of widespread screening programs
with early diagnosis, a better understanding of the natural
course of the disease, improvements in the standard of care,
and ultimately, the development of highly effective CFTR mod-
ulators (Scotet et al, 2020). These advances have substantially
improved overall survival rates (Scotet et al, 2020). In Brazil, new-
born screening for CF started in 2001, and by 2021, 61% of all
CF diagnoses were through newborn screening (Brazilian Cystic
Fibrosis Study Group, 2020). The first CFTR modulator, ivacaftor,
was reimbursed by the Brazilian public healthcare system in
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2022, and the triple therapy elexacaftor/tezacaftor/ivacaftor
was made available more recently, in 2024 (Ministério da Saude,
2023; Ministério da Saude, 2024). This study, however, focuses on
the period before the introduction of CFTR modulators in Brazil
(2015 to 2019).

To better understand the burden of disease in CF, it is
important to study the patient population at a country lev-
el, including demographic data and healthcare burden. In
most countries in Latin America, it is challenging to know
the number of people with CF due to the absence of nation-
al registries and newborn screening programs. Brazil has a
comprehensive registry, the Brazilian Cystic Fibrosis Registry,
which includes a total of 6,427 people with CF from 2009 to
2021 and 3,240 people with CF with at least one follow-up
visit in 2021 (REBRAFC, 2021).

While the Brazilian Cystic Fibrosis Registry is a valuable re-
source for understanding clinical aspects of CF, it does not re-
port HCRU associated with CF, which is essential for planning
healthcare resource allocation. Because of this and to under-
stand the demographic characteristics of people with CF in
Brazil, along with assessing the HCRU attributed to the dis-
ease, we used data from the public health database system
since the majority of people with CF are referred to a public
CF center within the national healthcare system (Procianoy et
al., 2023). This study uses the public health database system
to describe the demographic characteristics and hospital
HCRU for people with CF in Brazil.

Methods

Study design

This study was a retrospective, observational, cross-sectional
descriptive study of people with CF in Brazil, utilizing pub-
lic health databases from the Informatics Department of the
Brazilian Health System (Datasus) from 2015 to 2019. Annual
cross-sectional analyses were conducted over the study peri-
od, from January 1, 2015, to December 31, 2019; the study pe-
riod was intentionally terminated at the end of 2019 to avoid
bias due to the COVID-19 pandemic, as well as to avoid bias
due to the availability of CFTR modulators in the subsequent
years. We used two databases within Datasus to describe
the demographic characteristics of people with CF and the
HCRU attributed to CF during the specified study period -
further described in the “Data Source” section.
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Data source

This study was based on outpatient and inpatient administrative
data from DATASUS, the Informatics Department of the Brazilian
Healthcare System, which is the body responsible for collecting,
processing, and disseminating healthcare data in Brazil (Saude,
2024). Therefore, our study includes data from procedures per-
formed within the Brazilian Health System, which covers over
150 million people in Brazil. Two datasets were considered:
the Inpatient Information System (SIH [Sistema de Informagées
Hospitalares]) and the Outpatient Information System (SIA
[Sistema de Informacdes Ambulatoriais]). SIH and SIA are admin-
istrative databases for reimbursement purposes only (Sociais,
2024; Sociais, 2024a), and specific details of the contents in the
databases are described elsewhere (Ali et al, 2019). Due to its
administrative nature, SIH and SIA do not contain clinical data
(eg. signs and symptoms). Therefore, the cause of admission
according to the International Classification of Diseases, tenth
revision code (ICD-10), and the procedures performed during
hospitalization were used to identify eligible people with CF.
Additionally, data related to patients’ age, hospitalization, diag-
nosis at entry (ICD-10 based), procedures prescribed and per-
formed, and in-hospital length of stay (days) were also extracted.

Study population
To describe the CF population in Brazil, people with CF in the
SIA were selected during each cross-sectional year if they had
> 1 medical claim with primary or secondary diagnosis of CF
and > 1 prescription of one of three medications commonly
used for CF treatment (dornase alfa, pancreatic enzymes, or
inhaled tobramycin). Diagnosis of CF was based on ICD-10
Clinical Modification codes E84, E84.0, E84.1, E84.8, and E84.9.
For the hospital-related HCRU attributed to CF in Brazil,
participants in the SIH were identified by having at least one
medical claim with a primary or secondary diagnosis of CF, de-
fined using the same ICD codes listed above. Data between
the SIA and SIH could not be linked at the individual level, so it
was assumed that the people with CF who were identified in
the SIH database were a subset of those identified in the SIA.

Study endpoints and analyses

The baseline demographics and characteristics of people with
CF in Brazil were analyzed annually using data from the SIA.
Across annual cross-sectional analyses, age was defined as that
reported in the SIA database on January 1 of each year.

For hospital-related HCRU in the SIH database, we ana-
lyzed hospitalizations (number, length of stay [LOS] in days,
and age at hospitalization), intensive care unit (ICU) admis-
sions (humber and LOS in days), procedures during hospi-
talization, occurrence of lung transplants, and deaths in the
hospital setting (number and age at death) for each of the
annual cross-sectional analyses. Annual rates of hospitaliza-
tions were calculated in relation to the total CF population
identified in the SIA for each cross-sectional year. Annual
rates of hospitalizations were calculated by dividing the total
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number of hospitalizations from the SIH database by the total
number of people with CF from the SIA database for each
cross-sectional year. Annual ICU admission rates and the pro-
portion of people with CF undergoing select hospital proce-
dures were reported as a subset of total hospitalizations.

Descriptive statistics were reported for each of the five
annual cross-sectional analyses of the study period (2015,
2016, 2017, 2018, and 2019) by four age groups (0 to < 6, 6 to
< 12,12 to < 18, and > 18 years). Count and percentage pres-
ent categorical variables, and the mean and standard devi-
ation summarize continuous variables. Data were analyzed
using Python version 3.6.9.

RESULTS

Descriptive characteristics of the study population

The number of people with CF who met the eligibility criteria
in the SIA in 2015 was 3,737 and in 2019, it was 4,048 (Table 1).
The overall demographic profile of people with CF remained
consistent in each annual cross-sectional analysis during the
study period, with a slight majority of the population being
male (range 51.4%-52.8%) and the most significant percentage
residing in the Southeast region of Brazil (range 48.3%-53.0%).
Similarly, the proportion of people with CF across age groups
varied marginally from 2015 to 2019, with almost half belonging
to the pediatric age groups < 6 years (range 22.0%-234%) and 6
to < 12 years (range 25.3%-26.7%). Adults (aged > 18 years) rep-
resented about a third of all people with CF (29.79%-33.4%), and
adolescents (aged 12 to < 18 years) represented 174%-20.8% of
the total people with CF in each year (Figure 1A).

Hospital-related healthcare resource utilization
The total number of hospitalizations in people with CF increased
from 1,300 in 2015 to 1,508 in 2019 (Figure 1B). Across the annu-
al cross-sectional analyses, children with CF aged < 6 years and
6 to < 12 years accounted for 44% to 52% of hospitalizations, re-
spectively. The annual hospitalization rates were, in general, high-
est in the youngest (<6 years) and oldest (=18 years) age groups
across the study period (Figure 1B). These ranged from 0.35 t0 0.39
in children aged < 6 years and from 0.34 to 0.39 in adults (aged
> 18 years) in each of the annual cross-sectional analyses during
the study period (Figure 2A). The mean hospital LOS per hospital-
ization for people with CF was similar across all age groups over
the study period and ranged from 11 to 15 days (Figure 2B).
Among all hospitalizations, ICU admissions accounted for
2.3% (85/3,737) in 2015 and 2.9% (119/4,048) in 2019. The over-
all annual rate of ICU admissions among hospitalized peo-
ple with CF ranged from 0.07 to 0.08 over the study period.
When examined by age groups, the annualized rate of ICU
admissions per patient was highest in children aged < 6 years
(0.07 t0 0.09) and in adults aged > 18 years (0.06 to 0.1) during
the study period (Figure 2C). The mean ICU LOS across the
study period was greatest (7 to 12 days) in the children aged
< 6 years (Figure 2D).
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Table 1. Demographics of people with CF in Brazil using the SIA database, 2015 to 2019

2015 2016
Age group (years) 0to <6 6to<12 12to<18 =18years 0to <6 6to <12 12t0 <18 218 years
Patients — N (%) 873 (234) 975 (26.1) 779 (20.8) 1,110 (29.7) 861 (22.7) 1,013 (26.7) 758 (20.0) 1,161 (30.6)
Age*, years
Mean (SD) 39(1.6) 9.5(1.7) 15.3(1.7) 34.5 (16.0) 3.8(1.6) 94 (1.7) 154 (1.7) 33.9(15.9)
Median (IQl) 4(3) 10 (3) 15(3) 28 (19) 4(2) 9(3) 15(3) 28(18)
Minimum 1 7 13 19 1 7 13 19
Maximum 6 12 18 93 6 12 18 90
Gender - N (%)
Male 448 (51.3) 524 (53.7) 434 (55.7) 564 (50.8) 457 (53.1) 520(51.3) 421 (55.5) 583 (50.2)
Female 425 (48.7) 451 (46.3) 345 (44.3) 546 (49.2) 404 (46.9) 493 (48.7) 337 (44.5) 578 (49.8)
Race/ethnicity — N (%)
White 157 (18.0) 142 (14.6) 142 (18.2) 214 (19.3) 154 (17.9) 175(17.3) 154 (20.3) 228(19.6)
Black and other 112 (12.8) 134 (13.7) 95(12.2) 119(10.7) 111(12.9) 159 (15.7) 106 (14.0) 136 (11.7)
Missing 604 (69.2) 699 (71.7) 542 (69.6) 777 (70.0) 596 (69.2) 679 (67.0) 498 (65.7) 797 (68.6)
Geographic location — N (%)
Southeast 484 (55.4) 450 (46.2) 368 (47.2) 546 (49.2) 475 (55.2) 470 (46.4) 342 (45.1) 544 (46.9)
South 143 (16.4) 202 (20.7) 166 (21.3) 243 (21.9) 141 (16.4) 197 (194) 182 (24.0) 271 (23.3)
Midwest 70 (8.0) 70(7.2) 58 (7.4) 47 (4.2) 69 (8.0) 84 (8.3) 57 (7.5) 56 (4.8)
Northeast 146 (16.7) 214 (21.9) 162 (20.8) 236 (21.3) 154 (17.9) 213 (21.0) 151 (19.9) 239 (20.6)
North 30(34) 39 (4.0) 25(3.2) 38 (34) 22(26) 49 (4.8) 26 (34) 51(44)
Unknown/missing 0 0 0 0 0 0 0 0
2017 2018
Age group (years) 0to<6 6to<12 12to<18 =18years 0to<6 6to <12 12to <18 =18 years
Patients — N (%) 889 (22.0) 1,056 (26.2) 779(19.3) 1,310 (32.5) 940 (22.5) 1,059 (25.3) 784 (18.8) 1,396 (33.4)
Age*, years
Mean (SD) 38(1.5) 9.3(1.7) 154 (1.7) 345 (16.3) 39(1.5) 94 (1.6) 156 (1.7) 34.2(15.8)
Median (IQl) 4(2) 9(3) 15 (3) 28 (20) 4(2) 9(3) 16 (3) 28 (20)
Minimum 1 7 13 19 1 7 13 19
Maximum 6 12 18 91 6 12 18 90
Gender - N (%)
Male 459 (51.6) 560 (53.0) 439 (56.4) 665 (50.8) 471 (50.1) 567 (53.5) 422 (53.8) 685 (49.1)
Female 430 (48.4) 496 (47.0) 340 (43.6) 645 (49.2) 469 (49.9) 492 (46.5) 362 (46.2) 711 (50.9)
Race/ethnicity — N (%)
White 167 (18.8) 197 (18.7) 145 (18.6) 270 (20.6) 240 (25.5) 291 (27.5) 195 (24.9) 460 (33.0)
Black and other 109 (12.3) 168 (15.9) 123 (15.8) 153 (11.7) 147 (15.6) 179 (16.9) 136 (17.3) 184 (13.2)
Missing 613 (69.0) 691 (65.4) 511 (65.6) 887 (67.7) 550 (58.5) 592 (55.9) 373 (47.6) 701 (50.2)
Geographic location - N (%)
Southeast 475 (53.4) 519 (49.1) 358 (46.0) 639 (48.8) 489 (52.0) 528 (49.9) 362 (46.2) 704 (50.4)
South 149 (16.8) 206 (19.5) 178 (22.8) 283 (21.6) 155 (16.5) 209 (19.7) 182 (23.2) 297 (21.3)
Midwest 72 (8.1) 75(7.1) 58(7.4) 64 (4.9) 70 (7.4) 68 (6.4) 49 (6.3) 73(5.2)
Northeast 181 (20.4) 195 (18.5) 147 (18.9) 269 (20.5) 208 (22.1) 210 (19.8) 159 (20.3) 278 (19.9)
North 12(1.3) 61(5.8) 38 (4.9) 55 (4.2) 18(1.9) 44 (4.2) 32 (4.1) 44(3.2)
Unknown/missing 0 0 0 0 0 0 0 0
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v
2019

Age group (years) 0to <6 6to<12 12to <18 =218
Patients - n (%) 937 (23.1) 1,062 (26.2) 704 (17.4) 1,345 (33.2)
Age*, years
Mean (SD) 39(1.5) 94 (1.6) 15.6 (1.7) 32.8(15.0)
Median (IQI) 4(2) 9(3) 16 (3) 28(17)
Minimum 1 7 13 19
Maximum 6 12 18 92
Gender - n (%)
Male 447 (47.7) 562 (52.9) 387 (55.0) 683 (50.8)
Female 490 (52.3) 500 (47.1) 317 (45.0) 662 (49.2)
Race/ethnicity — n (%)
White 240 (25.6) 291 (27.4) 195 (27.7) 460 (34.2)
Black and other 147 (15.7) 179 (16.9) 136 (19.3) 184 (13.7)
Missing 550 (58.7) 592 (55.7) 373 (53.0) 701 (52.1)
Geographic location - n (%)
Southeast 517 (55.2) 558(52.5) 348 (49.4) 720 (53.5)
South 157 (16.8) 223 (21.0) 164 (23.3) 321(239)
Midwest 71 (7.6) 76 (7.2) 49 (7.0) 80 (5.9)
Northeast 174 (18.6) 171 (16.1) 108 (15.3) 184 (13.7)
North 18 (1.9) 34 (3.2) 35(5.0) 40 (3.0)
Unknown/missing 0 0 0 0

*Age at index date: considered the age calculated between the date of birth and the first ICD-10 claim in database in the respective year.
ICU: intensive care unit; IQl: interquartile interval; people with CF: people with cystic fibrosis; SD: standard deviation; SIA: outpatient procedure information system.
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Proportion of people with CF by age groups (A) as reported in the SIA database and (B) hospitalized as reported in the SIH database
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Figure 2. Annual rates of (A) hospitalizations, (B) length of stay (days), (C) ICU admissions, and (D) ICU length of stay of people with CF by age group in
the SIH database. The annual rate of hospitalization and ICU admissions was calculated by dividing the total number of hospitalizations from
the SIH database by the total number of patients with CF, according to age groups from the SIA database, for each respective year
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Across the annual cross-sectional years, most procedures
performed in the hospital were related to pulmonary mani-
festations of CF (>80%; Supplementary Table 1). In addition
to procedures, most people with CF required CF treatments
for pulmonary manifestations (over 75% across the study pe-
riod). More than 60% of people with CF who were hospital-
ized with respiratory disorders and systemic complications
required physical therapy. Across all the age groups, approx-
imately 149%-25% of CF hospitalizations required inhalation
or nebulization, bacterial culture, and chest X-ray during the
study period. Notably, children aged < 6 years, 6 to < 12 years,
and 12 to < 18 years required a higher number of procedures
(except chest x-rays) than the oldest age groups (>18 years).

There were no records of lung transplantation from 2015
to 2017. Seven (0.17%) and eleven (0.27%) lung transplants
were reported in 2018 and 2019, respectively (Table 2). The in-
patient death rate among people with CF was approximately
2% each year.

Discussion

The current study provides a real-world annual cross-sec-
tional descriptive assessment of demographic character-
istics and hospital HCRU for people with CF in the Brazilian
public healthcare system between 2015 and 2019. The study
identified 3,737 people with CF in 2015 and 4,048 in 2019.
Most people with CF identified in this study resided in the
Southeast region, were primarily male, and aged > 12 years.
This study also assessed hospital HCRU in people with CF be-
tween 2015 and 2019; the hospitalization rates were highest
in children aged < 6 years and adults aged > 18 years, with
extended hospital LOS across all age groups but especially
among children. As expected, most hospitalizations were
associated with pulmonary manifestations. The study also re-
ported a minimal number of lung transplants between 2015
and 2019. The findings from this study highlight the consider-
able burden of HCRU attributed to CF in the Brazilian health-
care system.

The number of people with CF in the SIA database was
overall higher than that reported by the REBRAFC from 2015
to 2019 (Brazilian Cystic Fibrosis Study Group). The organiza-
tion of the Brazilian public health system might partially ex-
plain this difference. Many specialized CF reference centers
providing data to the REBRAFC are part of highly complex

CF burden and HCRU in Brazil
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hospitals. Due to the healthcare system'’s principles of re-
sponsibility, these centers are primarily located in state cap-
itals, potentially limiting access for patients residing in more
remote areas. As a result, a certain proportion of people with
CF may receive treatment outside these reference centers
(ie., in their municipalities of residence) (da Mota Almeida
Peroni et al, 2019; Zuppo Laper et al, 2024). Another factor
is that some people with CF did not agree to participate in
the registry data collection. Finally, it is also possible that the
greater number of people with CF in the SIA reflects the in-
creasing number of diagnoses due to expanded newborn
screening for CF in Brazil (Athanazio et al, 2017; Ministério da
Saude, 2021), which may not be captured by specialized CF
centers. However, despite the difference in the total number
of people with CF, the proportion of pediatric patients in
the total CF population observed in our study is consistent
with that reported in REBRAFC (Brazilian Cystic Fibrosis Study
Group, 2021). Our results on geography are consistent with
those reported in REBRAFC, which noted that most people
with CF resided in the Southeast region of Brazil (Brazilian
Cystic Fibrosis Study Group, 2021), likely due to better access
to healthcare in this area.

In terms of hospital HCRU among people with CF, the
number of hospitalizations due to CF in the SIH ranged from
1,300 in 2015 to 1,508 in 2019, representing an annual rate of
hospitalizations from 40.4 to 37.3 per 100 patients and a hos-
pital LOS per hospitalization ranging from 11 to 15 days. Many
of the hospitalizations in this study required treatment and/or
procedures for pulmonary manifestations of CF, which is con-
sistent with the natural course of the disease. Our results are
also in agreement with an HCRU study conducted in Canada,
which reported an annual rate of 39.8 hospitalizations per 100
patients with CF (Skolnik et al,, 2021). It is important to note
that the CF annual rate of hospitalizations and LOS per hospi-
talization was higher than that of other respiratory diseases in
Brazil, such as asthma, which has a hospitalization rate rang-
ing from 1.1 to 13.9 per 100 patients and a mean hospital LOS
of 3 days, and pneumonia with a hospitalization rate of up to
15 per 100 patient-years in children aged < 4 years (Cardoso
et al, 2017, Zhao et al, 2020; Fonseca et al, 2021, Magalhaes
etal, 2021). The same trend could be seen in other countries
such as the USA and Ethiopia, where the average LOS per CF
hospitalization is considerably longer than that reported for

Table 2. Number of inpatient deaths and lung transplantations among people with CF in the SIH database

Outcome variable 2015 2016 2017 2018 2019
People with CF in the outpatient procedure information system database — n 3,737 3,793 4,034 4,179 4,048
Death in the hospital setting in the SIH database - n (%)? 65(1.7) 71019 73(1.8) 66 (1.6) 67 (1.7)
Lung transplant in the SIH database — n (%)° 0 0 0 7 (<1) 11(<1)

? Death at hospital: total number of in-hospital deaths divided by the number of patients with CF from the SIA database for each respective year.
®Number of lung transplantations — N (%): total number of lung transplantations divided by the total number of patients with CF from the SIH database for each res-

pective year.
CF: cystic fibrosis; SIH: hospital admission information system.

JBras Econ Saude 2025;17:59-70

65



Athanazio R, Silva-Filho LVRF, Borges RL, Pereira R, Laper IZ, Saturnino LTM, et al.

patients with other respiratory conditions (Kaur et al, 2015;
Williams et al, 2018; Amare et al., 2022). Importantly, the hos-
pital burden attributed to CF-related hospital LOS in Brazil
(from 11 to 15 days) is substantially larger than other condi-
tions, such as non-communicable diseases (e.g., cardiovascu-
lar diseases, communicable diseases, and maternal, perinatal,
and nutritional conditions), which have a mean LOS of 5 days,
regardless of the patients’ age (Zhao et al,, 2020).

Regarding the HCRU by age group, our study identified
that over 50% of all hospitalizations were in children aged <
12 years across all study years, with the age group of < 6 years
contributing up to 34% of all hospitalizations despite com-
prising around 23% of the study population. The literature
has shown that children and older adults with CF have sub-
stantial HCRU due to early onset and the progressive nature
of the disease, resulting in high rates of hospitalization from
early ages to adult life (Perkins et al, 2021; Thorat et al,, 2021),
differing from trends observed in other respiratory diseases,
such as asthma, in which hospitalizations have a declining
trend by age (Fonseca et al, 2021). Our study reported that
the high hospitalization rate in pediatric patients is consistent
with findings from other real-world studies. A single-center
study in the USA identified that the proportion of people
with CF with at least one inpatient admission was 33.3% in
children aged < 11 years, which is lower than the rate ob-
served in our study (Perkins et al, 2021). Specifically, regarding
younger children, our study reported that over one-third of
all hospitalizations occurred in children aged < 6 years, with
extended hospital LOS observed in this age group. Other
published literature reports that up to 30% of people with
CF have at least one pulmonary exacerbation-related hospi-
talization during their first years of life, some require repeated
admissions, and no change in the proportion of young pa-
tients hospitalized over time (Martiniano et al,, 2021; Huang
et al, 2022). A study evaluating the burden of CF in children
aged < 12 years in the USA identified that the hospitalization
rate among children aged < 6 years was higher than that in
children aged > 6 years (Bresnick et al,, 2021). A Brazilian study
also identified that 25% of all deaths among people with CF
were reported in children aged < 4 years (Santo & Silva-Filho,
2021). It is possible that factors such as high prevalence of
malnutrition, high prevalence of early Pseudomonas coloniza-
tion, late diagnosis, as well as other clinical and socioeconom-
ic factors, also contribute to increased burden of CF at early
ages in Brazil, as observed in other Latin American countries
(Martins et al, 2018; Bustamante et al., 2021; Godoy et al., 2023).

Although our study did not evaluate costs, some pub-
lished evidence suggests that hospital costs are responsible
for the majority of HCRU costs in CF. An Australian study re-
ported that the most significant proportion of costs in CF
management is incurred in the hospital sector, accounting
for 50%-77% of costs, followed by pharmaceuticals, which
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range from 13% to 33% (van Gool et al, 2013). Our study re-
ported the HCRU burden attributed to CF, including hospital
stays, procedures, and medications, suggesting that the cost
burden associated with CF to the Brazilian healthcare system
is likely substantial.

Given the observational nature of the study, it is subject to
inherent limitations associated with observational real-world
research, e.g., inconsistent and incomplete data collection or
misreported ICD-10 codes (Santo & Silva-Filho, 2021). To mini-
mize this misclassification, individuals identified in the SIA were
required to have at least one prescription for a CF medication
alongside an ICD-10 diagnosis code for CF. Data for specif-
ic demographic characteristics, such as race/ethnicity, were
not well captured in the SIA database. Given that only ICD-10
codes were used to identify patients in the SIH database, mis-
classification in ICD-10 codes may have led to underestimation
if CF was reported as a consequence or clinical manifestation
of the disease, without the ICD-10 code for CF.

The REBRAFC encompasses hospitals and centers in
both the private and public sectors, whereas the SIA and SIH
only capture data from the public sector. Despite 75.8% of
the Brazilian population relying solely on the Public Health
System for their healthcare in 2020 (Agéncia Nacional de
Saude, 2023), not all hospitals have the necessary infrastruc-
ture to provide adequate treatment for patients with CF
(Procianoy et al, 2023). In these cases, the Brazilian govern-
ment outsources the services to its supplementary system
(Castro et al., 2019). For this reason, it is possible that some
CF cases may have been diagnosed or treated outside of the
public healthcare system and were not captured in our anal-
ysis. An example of this is the fewer lung transplants reported
among people with CF in this study than in those reported in
the REBRAFC. In our study, a total of 18 lung transplants were
reported between 2015 and 2019, while during the same
time period, the REBRAFC reported a total of 62 lung trans-
plants (Brazilian Cystic Fibrosis Study Group, 2020, Brazilian
Cystic Fibrosis Study Group, 2021). The discrepancy between
the two data points is unclear but could reflect inconsistency
in coding or patients requiring transplants being treated out-
side of the public healthcare system, and thus not captured
in the SIH database.

The cross-sectional nature of the study design did not
provide longitudinal trends for outcomes, and no formal
statistical comparison was applied; so, the interpretation of
the results is only descriptive. Moreover, because the two da-
tabases were not linked through patient identification num-
bers, the number of people with CF in the SIA database was
used as a proxy for calculating the hospitalization rate, given
the unknown actual number of people with CF in the SIH
database. Finally, outcomes related to medication use and
comorbidities had missing/sparse data, which limited our
ability to quantify this information.
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Conclusion

This cross-sectional study highlights the considerable hos-
pital HCRU burden of CF to the public healthcare system in
Brazil from 2015 through 2019. People with CF experience a
significant burden of hospitalizations, with lengthy stays per
hospitalization contributing to substantial use of healthcare
resources from the public healthcare system. These findings
support the planning of resource allocation and health policy
guidelines in Brazil.
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