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Purpose: The objective of this study was to describe the clinical phenotypes of children and adolescents with cystic 

fibrosis (CF); and to assess the role of pancreatic insufficiency and neonatal screening in diagnosis.

Methods: A cross-sectional study was conducted, which included 77 patients attending a reference center of CF between 

2014 and 2016. Epidemiological data, anthropometric measurements, and the presence of pulmonary, pancreatic, gas-

trointestinal and hepatobiliary manifestations were evaluated based on clinical data and complementary examinations.

Results: Of the 77 patients, 51.9% were male, with a median age of 147 months (7.0-297.0 months), and the majority 

showed adequate nutritional status. The most common phenotype was pulmonary (92.2%), followed by pancreatic 

(87.0%), with pancreatic insufficiency in most cases. Gastrointestinal manifestation occurred in 46.8%, with con-

stipation being the more common factor. Hepatobiliary disease occurred in 62.3% of patients. The group with pancre-

atic insufficiency was diagnosed earlier (5.0 months) when compared to the group with sufficiency (84.0 months) 

(p=0.01). The age of diagnosis was reduced following implementation of neonatal screening protocols for CF (6.0 

months before vs. 3.0 months after, p=0.02).

Conclusion: The pulmonary phenotype was the most common, although extrapulmonary manifestations were fre-

quent and clinically relevant, and should mandate early detection and treatment. Neonatal screening for CF led to 

earlier diagnosis in patients with pancreatic failure, and therefore, should be adopted universally.
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INTRODUCTION

Cystic fibrosis (CF) is an autosomal recessive ge-
netic disorder that most commonly decreases life ex-
pectancy in Caucasians [1]. Lung disease is the main 
cause of morbidity and mortality in patients with CF, 
often involving the digestive tract [1]. The majority 
of affected individuals present gastrointestinal, pan-
creatic and/or hepatic manifestations throughout 
their lives, which negatively impacts the evolution of 
the disease, quality of life and survival rate [2].

In CF, genetic alteration interferes with the pro-
duction of the CF transmembrane conductance reg-
ulator (CFTR), which regulates the secretion of 
chloride and fluids in the exocrine glands, bronchial 
gland, intestine, pancreatic duct, biliary and re-
productive systems. CF patients produce thickened 
secretions, which occlude the light of the cavity of 
the structures involved, generating inflammation 
and compromising the function of the affected or-
gans [3,4].

More than 2,000 mutations causing CF have been 
described, with the F508del mutation being the most 
commonly observed [3]. Various mutations result in 
defective and unstable CFTR proteins. These molec-
ular and functional differences, associated with en-
vironmental and individual factors, result in varying 
phenotypes of the disease, hindering the diagnosis, 
with unfavorable consequences [1].

Extrapulmonary clinical manifestations related to 
the digestive tract reveal pancreatic, gastrointestinal 
and hepatobiliary dysfunction [4]. Independently of 
the manifestations, early diagnosis is critical for ap-
propriate and prompt treatment to improve the qual-
ity of life in patients with CF [5].

The objectives of this study were as follows: (1) de-
scribe the clinical phenotypes of children and adoles-
cents with CF in a reference center in Brazil; (2) as-
sess the influence of clinical phenotype (pancreatic 
insufficiency) at the age of diagnosis; and, (3) eval-
uate the role of neonatal screening test in reducing 
the age of diagnosis.

MATERIALS AND METHODS

Study design
The study was cross-sectional and analytical, us-

ing a series of cases, which included patients with CF 
who were treated by the pediatric reference center in 
Brasilia.

Diagnostic criteria 
The diagnosis of CF was based on the existing in-

ternational criteria at the time of the study [6]. Until 
2011, patients were referred to diagnostic evaluation 
by presenting family history or clinical diagnosis of 
CF, or in specific cases, via positive neonatal screen-
ing, carried out in private laboratories. The diagnosis 
was confirmed using two positive sweat tests 
(dosage of chloride in sweat exceeding 60 mEq/L) or 
molecular genetic analysis of positive CFTR muta-
tions (2 mutations). As of November 2011, the neo-
natal screening test of the the federal district’s public 
health system, was also systematically included, 
based on testing for immunoreactive trypsinogen 
(IRT), with an active investigation of suspected cas-
es, according to algorithms (IRT, IRT and sweat test-
ing), and the diagnosis confirmed by the standard 
methodologies [6].

Inclusion criteria
All patients up to the age of 18 years, with a diag-

nosis of CF, who were treated at the reference center 
between January 2014 and June 2016, were included 
in the study following informed consent.

Data collection
Data including epidemiological (sex, current age, 

age of diagnosis, country of birth, and origin), an-
thropometric (weight [kg], height [cm], for calcu-
lation of body mass index [BMI, kg/m2]), clinical 
measurements (clinical history and physical exami-
nation), complications during the disease, medi-
cations used and complementary examinations 
(laboratory, imaging and endoscopic) were evaluated. 
The nutritional evaluation was established based on 
the classification of Z score of the World Health 
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Table 1. Nutritional Classification of Children and Adolescents
with Cystic Fibrosis, according to Body Mass Index (BMI) and 
Stature

Classification (Z score) n (%)

BMI-for-age
  Severely underweight (＜−3)  3 (3.9)
  Underweight (≥−3, ＜−2)  2 (2.6)
  Eutrophic (≥−2, ＜1) 64 (83.1)
  Overweight (≥1, ＜2)  4 (5.2)
  Obesity (≥2, ≤3)  4 (5.2)
  Total 77 (100)
Stature-for-age
  Short-stature (＜−2) 10 (13.0)
  Adequate stature (≥−2) 67 (87.0)
  Total 77 (100)

Organization [7].

Cystic fibrosis phenotypes
Pulmonary, pancreatic, gastrointestinal and hep-

atobiliary manifestations were defined by clinical 
data and complementary examinations described 
below.

Pulmonary involvement was based on clinical 
evaluation (persistent respiratory symptoms), func-
tional (by spirometry) [8] and radiological (chest X-ray 
and/or chest computed tomography) investigations. 
This study also analyzed the data obtained from cul-
tures of respiratory secretions (sputum, or orophar-
ynx or smear routinely collected). Chronic colo-
nization was defined when the same bacterium was 
isolated in more than 50% of the cultures within the 
previous 12 months [9].

Pancreatic involvement was based on the diag-
nosis of pancreatic insufficiency at the pre-screening 
clinic (malabsorptive syndrome or macroscopic pres-
ence of fat in the feces), associated with the 24-hour 
measurement of quantitative fecal fat (＞7 g/100 g) 
[4], positive Sudan III stain or fecal elastase (＜200 
μg/g of feces).

Diabetes related to CF (CFRD) was evaluated in 
annual screening (beginning from the age of 10 
years or in those pre-screened clinically), using the 
oral tolerance test for glucose of 0 and 120 minutes 
and glycated hemoglobin data. Patients with plasma 
glucose ＞200 g/dL, within 120 minutes, received a 
diagnosis of CFRD [10].

Chronic pancreatitis was diagnosed based on clin-
ical characteristics, evaluation of pancreatic function 
and identification of parenchymal changes in imag-
ing exams [11].

Gastrointestinal manifestations were investigated 
via clinical evaluation associated with complementary 
examinations as needed. The criteria of the North 
American and European Societies of Gastroenterology, 
Hepatology and Pediatric nutrition were used for the 
diagnosis of gastric reflux disease (GERD) [12].

Hepatic and biliary involvement was defined via 
clinical evaluation (jaundice, pruritus, coliuria, fecal 
hypo/acolia, and hepatosplenomegaly), complemented 

by routine liver examinations: levels of liver enzymes 
(alanine aminotransferase, aspartate aminotrans-
ferase, gamma-glutamyltransferase, and alkaline 
phosphatase), total bilirubin and fractions, total pro-
tein and fractions, international standardized profile 
(ISP) and abdominal ultrasound. Hepatic elastog-
raphy was used by a single examiner for the de-
tection of hepatic fibrosis, using the FibroScanⓇ 
(Echosens, Paris, France), with a cut-off limit ＞5.0 
kPa for the presence of hepatic fibrosis [13]. Other 
complementary exams, such as upper endoscopy, 
were carried out in selected cases.

Ethical approval
The study was approved by the Research Ethics 

Committee of Brasília José Alencar Children's 
Hospital (No. 1,037,245), and written, free and in-
formed consent was obtained from the responsible 
guardian of all patients included in the study.

Statistical analysis
The results were evaluated with IBM SPSS 

Statistics ver. 21.0 (IBM Co., Armonk, NY, USA). 
Associations between the variables of interest were 
measured by Pearson chi-square tests and Welch’s 
t-test. The level of significance considered was 5%.
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Table 2. Evaluation of Different Clinical Phenotypes of Children 
and Adolescents Diagnosed with Cystic Fibrosis

Phenotype Result

Pulmonary 71 (92.2)
  Mean FEV1 (%) 83±19
  Mean FVC (%) 92±18
Pancreatic 67 (87.0)
  Pancreatic insufficiency 66 (85.7)
  CFRD 11 (14.3)
  Pancreatitis  1 (1.3)
Gastrointestinal 36 (46.8)
  Constipation 26 (33.8)
  DIOS  9 (11.7)
  Gastric reflux disease  9 (11.7)
  Meconium ileus  7 (9.1)
  Rectal prolapse  2 (2.6)
  Peptic ulcer disease  2 (2.6)
  Fibrous colonopathy  1 (1.3)
Hepatobiliary 48 (62.3)
  Hepatomegaly 17 (22.1)
  Neonatal cholestasis  9 (11.7)
  Increased liver enzymes  8 (10.4)
  Hepatic steatosis  6 (7.8)
  Cholelithiasis  5 (6.5)
  Splenomegaly  6 (7.8)
  Portal hypertension  5 (6.5)
  Esophageal varices  3 (3.9)
  Cirrhosis  1 (1.3)

Values are presented as number (%) or mean±standard deviation.
SD: standard deviation, FEV1: forced expiratory volume in one 
second, FVC: forced vital capacity, CFRD: cystic fibrosis-related 
diabetes, DIOS: distal intestinal obstruction syndrome.

RESULTS

Epidemiological data
A total of 77 patients were included in the study: 

40 (51.9%) were male, with an median of age of 
147.0 months (7.0-297.0 months). The median age 
of diagnosis was 6.0 months (1.0-168.0 months). 

The majority of patients, i.e., 56 (72.7%), were 
born and raised in the Federal District of Brazil. The 
remaining patients were residents of other Brazilian 
states: 7 (9.1%) were from Bahia, 3 (3.9%) of Goiás, 
3 (3.9%) of Tocantins, 2 (2.6%) of Minas Gerais, 2 
(2.6%) of Piauí (3%), 2 (2.6%) of Rio de Janeiro, 1 
(1.3%) of Roraima and 1 (1.3%) of Paraíba. 

Anthropometric data
Regarding BMI and stature for age, patients were 

classified according to Table 1. Nearly 80% of the cas-
es presented adequate nutritional status, and close to 
90% presented height status that was adequate for 
their age.

Manifestations of cystic fibrosis
1. Pulmonary

The pulmonary phenotype was the most frequent 
finding, affecting 71 patients (92.2%). Of the 77 cas-
es, 50 (64.9%) performed spirometry maneuvers, 
with the following results: 25 (50.0%) presented nor-
mal spirometry, 15 (30.0%) mild obstructive ven-
tilatory disorder (OVD), 5 (10.0%) moderate OVD, 3 
(6.0%) severe OVD and 2 (4.0%) with mixed 
disturbances. The average forced expiratory volume 
in one second (FEV1) was 83% (±19) and the forced 
vital capacity (FVC) was 92% (±18) (Table 2).

Chronic colonization was evident in 57 (74.0%) of 
the cases evaluated, with the following most fre-
quent pathogens: Staphylococcus aureus 43 cases 
(55.8%) and Pseudomonas aeruginosa 27 cases 
(35.1%).

Only three patients (3.9%) presented with the pul-
monary phenotype, without extrapulmonary mani-
festations.

2. Pancreatic

Pancreatic involvement occurred in 67 cases 
(87.0%), the second most frequent phenotype. Most 
of the patients presented pancreatic insufficiency. 
About 14% presented CFRD and only one (1.3%) pa-
tient had pancreatitis (Table 2).

3. Gastrointestinal

Gastrointestinal involvement was observed in 36 
cases (46.8%), with constipation being the most 
common manifestation (33.8%). Table 2 describes 
the frequency of other gastrointestinal manifes-
tations observed.

4. Liver and bile ducts

Hepatobiliary involvement occurred in 48 (62.3%) 
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Table 3. Association between Altered FibroScanⓇ and 
Hepatobiliary Involvement in Pediatric Patients Diagnosed with
Cystic Fibrosis

Hepatobilary 
involvement

Altered FibroScanⓇ
p-value

Yes No

Increased liver enzymes 0.018*
  Yes 4 1
  No 10 27
Splenomegaly 0.018*
  Yes 4 1
  No 10 27
Portal hypertension 0.018*
  Yes 4 1
  No 10 27
Esophageal varices 0.011*
  Yes 3 0
  No 11 28
Total 14 28

FibroScanⓇ; Echosens, Paris, France.
*p＜0.05 (Pearson’s chi-squared test). 

Table 4. Relationship between Phenotype and Neonatal Screening
on the Age of Cystic Fibrosis Diagnosis

Variable
Age of diagnosis (mo)

Current study REBRAFC

Pancreatic insufficiency
  Yes  5.0 (1-144)
  No 84.0 (3-168)
  p-value 0.001*
Neonatal screening 
  Yes  3.0 (1-14)  1.7 (1-3.5)
  No  6.0 (1-168) 45.8 (9-119)
  p-value 0.02* ＜0.01

Values are presented as median (range).
REBRAFC: Registro Brasileiro de Fibrose Cística (Brazilian 
Registry of Cystic Fibrosis).
*Welch’s t-test.

cases, with hepatomegaly in 22.1% of the total 
sample. The other hepatobiliary manifestations are 
described in Table 2. Among the patients with hep-
atobiliary involvement, 26 (54.2%) were treated with 
ursodeoxycholic acid (UDCA), and 19 (73.1%) of 
these presented reduced liver enzymes and improved 
echoradiographic aspects.

Of the 77 cases, 42 (54.5%) were subjected to hep-
atic elastography. Fibrosis (＞5.0 kPa) was detected 
at 14 (33.3%), with a median of 6.85 kPa (2.5-14.4 
kPa). The highest degree of fibrosis (14.4 kPa) was 
observed in a 14-year-old patient. The altered 
FibroScanⓇ presented a statistically significant cor-
relation with increased liver enzymes (p=0.018) and 
portal hypertension (p=0.018) (Table 3).

Age of diagnosis
1. Phenotype effect 

The diagnosis was made earlier in the group with 
pancreatic insufficiency, with a median of 5.0 
months (1-144 months) when compared with the 
group with pancreatic sufficiency, with a median of 
84.0 months (3-168 months) (p=0.01), as described 
in Table 4. 

2. Neonatal screening effect

The median age of diagnosis prior to neonatal 
screening was 6.0 months (1-168 months), and sub-
sequent to implementation of the test was 3.0 
months (1-14 months) (p=0.02) (Table 4). 

DISCUSSION 

This is the first study evaluating the different clin-
ical phenotypes of CF in Brazilian children, and the 
effect of implementation of neonatal screening for 
CF on the age of diagnosis.

Epidemiological data
In relation to the age of diagnosis, the median ob-

tained (6.0 months) showed an improvement over 
the Brazilian Registry of Cystic Fibrosis (Registro 
Brasileiro de Fibrose Cística, REBRAFC) of 2014 
(14.28 months) [14], possibly due to the absence of 
neonatal screening for CF in many states, which hin-
dered early diagnosis. The current study evaluated a 
single center, which justified the difference in the 
age of diagnosis. Similar data correlating with the 
current median age of patients (147.0 months) were 
reported in the American annual record of patients 
in 2012 [15].
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Anthropometric data
Most of the evaluated patients (83.1%) were clas-

sified as eutrophic (Table 1). This result was different 
from an Indian study, where 96.3% presented failure 
to thrive [16]. It also contrasted with REBRAFC of 
2014, which revealed inadequate nutritional status 
among many of the identified patients [14]. The ref-
erence center of this study included an interdiscipli-
nary team, nutritional and therapeutic support, 
which contributed to the improvement of nutritional 
status. Normal nutritional status is associated with 
better lung function and longer survival.

Manifestations of cystic fibrosis
1. Pulmonary

The pulmonary phenotype was the most frequent 
(92.2%), similar to that described by Rizzo et al. 
(92.0%) [17]. Half of the patients capable of per-
forming spirometric maneuvers showed normal spi-
rometry, higher than the reported data in the 
REBRAFC, where 40% of the patients underwent 
normal spirometry [14]. The averages of FEV1 and 
FVC were also better than those described in the 
REBRAFC [14]. It has been reported that BMI values 
above the 50 percentile are associated with better 
pulmonary function [18], which explain the favor-
able pulmonary indices in this study.

The colonization of S. aureus in more than half of 
the patients in this study is consistent with the 
literature. According to Goss and Muhlebach [19], S. 

aureus is one of the earliest and most frequent patho-
gens isolated from the respiratory tract of patients 
with CF. The case study involving P. aeruginosa 

showed a lower frequency than that of REBRAFC 
[14].

The importance of recognizing the non-respiratory 
complications of CF is well known [20]. Only 3.9% of 
the evaluated patients presented no extrapulmonary 
manifestations involving pancreatic, gastrointestinal 
and hepatobiliary dysfunction.

2. Pancreatic

The pancreatic phenotype was the second most 
frequent, with pancreatic insufficiency diagnosed in 

most of the cases (Table 2). It is known that 90% of 
CF carriers are pancreatically insufficient, with mal-
absorptive syndrome being the classical clinical pre-
sentation, also with steatorrhoea and growth in-
sufficiency, mainly due to poor absorption of nu-
trients [21].

The prevalence of CFRD observed resembles the 
known condition in Brazil (13.3%) [18]. However, it 
is higher than that reported by international regis-
tration (2.9%) [16], probably justified by ethnic 
and/or geographical differences.

Only one patient, who had pancreatic insufficiency, 
showed signs of chronic pancreatitis in an abdomi-
nal ultrasound. It is known that the imaging of pa-
tients with CF reveals fatty substitution, calcification 
and atrophy of the pancreas consistent with chronic 
lesion [1], which may justify the findings in the de-
scribed patient.

3. Gastrointestinal

Gastrointestinal involvement was present in al-
most half of the cases, reflecting the trend reported 
in the Brazilian literature [17]. Constipation was the 
most frequent gastrointestinal manifestation (33.8%), 
similar to that described by Gelfond and Borowitz 
(32.0%) [2]. It resulted in increased viscosity of in-
testinal content as well as distal intestinal ob-
struction syndrome (DIOS) [2]. In this study, 11.7% 
of the patients presented DIOS, with incidence sim-
ilar to that observed in world centers [22]. This is a 
unique condition of CF and is characterized by com-
plete or incomplete fecal obstruction in the ileocecal 
region [2].

The prevalence of identified GERD (9.1%) was 
higher than in REBRAFC (5.6%) [14], but lower than 
that reported by foreign studies [23]. The prevalence 
variation is justified by the difference in the methods 
used to define GERD.

It is known that the occurrence of GERD in these 
patients is 6 to 8 times greater than in healthy 
children. Several factors contribute to the increase: 
prolonged gastric emptying, medicines, and in-
creased abdominal pressure by coughing and respi-
ratory physiotherapy [24].
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The prevalence of meconium ileus (9.1%) was 
close to that described in literature [25]. This con-
dition is considered a neonatal emergency, often as-
sociated with serious mutations [25].

The occurrence of rectal prolapse was observed in 
2.6% of the cases (Table 2). The literature estimates 
that less than 5% of CF patients will have rectal pro-
lapse [26]. Rectal prolapse is probably attributed to 
the earlier diagnosis of the disease by screening new-
borns, prevention of constipation and better for-
mulations of pancreatic enzyme replacement ther-
apy [4]. Although CF is not the cause of rectal pro-
lapse in most cases, it should be included in the dif-
ferential diagnosis [4].

The prevalence of peptic ulcerative disease (PUD) 
was 2.6%, and negative for Helicobacter pylori in all 
cases. It has already been described that despite the 
reduction of bicarbonate secretion in patients with 
CF, habitual prevalence or even decreased PUD and 
infections by H. pylori are observed [27]. This “CF 
paradox” may be due to the bicarbonate retained in 
the cytoplasm of the enterocyte, which prevents in-
jury and ulcer formation, or due to frequent use of 
antibiotics [27].

Only one (1) patient presented fibrosing colonop-
athy, reinforcing reduced incidence of this condition 
after standardization of the pancreatic enzyme re-
placement therapy described in the literature [4].

4. Liver and bile ducts

The frequency of hepatic involvement observed in 
this study (62.3%) was greater than that described 
by Salvatore et al. (5.7% in children) [28]. In a 
Brazilian study, hepatobiliary disease was diagnosed 
in 16.4% of the patients, and it occurred as an initial 
manifestation of CF in 55.6% of these cases [29]. This 
variation in prevalence may be justified by the differ-
ence in the methods used for the diagnosis of liver 
disease associated with CF. In this study, it was not 
possible to perform the genetic study, therefore, it is 
not possible to evaluate if the observed prevalence 
was related to the genotype.

It is known that most CF patients will at some 
point present evidence of liver changes [30]. 

Currently, liver disease in CF is considered the third 
leading cause of death [31].

The prevalence of observed hepatomegaly (22.1%) 
is close to that reported in the literature (6-30%) 
[31]. However, the observed rate of neonatal choles-
tasis (11.7%) was different from the literature, 
where less than 2% of children with CF suffered from 
this condition [32]. An increase in liver enzymes 
(10.4%) within patients was observed. According to 
Flass and Narkewicz [33], the transient elevation of 
transaminases is often observed, often from idio-
pathic cause or due to antibiotics used to treat ex-
acerbations, which undergo hepatic metabolism 
[33]. The occurrence of hepatic steatosis in this series 
(7.8%) differs from the prevalence of 23% to 67% re-
ported in another study [30]. It is the most common 
liver lesion in patients with CF [33], and appears un-
related to the defect in the CFTR gene, but may be in-
directly related to malnutrition, deficiency of essen-
tial fatty acids and oxidative stress, often occurring 
in these patients [31]. These factors may explain the 
low prevalence of hepatic steatosis, since most of the 
patients studied were eutrophic.

The prevalence of cholelithiasis in this study 
(6.5%) is reflective of the prevalence of 1% to 10% de-
scribed in a revision study [31]. Of all the cases eval-
uated, 7.8% presented splenomegaly, 6.5% portal hy-
pertension, 3.9% esophageal varicose veins, and 
1.3% cirrhosis. It is questionable whether cirrhosis in 
CF is necessary for the development of portal hyper-
tension, because according to Witters et al. [34], 
noncirrhotic portal hypertension (PH) can occur sec-
ondary to a vascular component. However, addi-
tional studies are needed to better elucidate this 
subject.

More than half of patients with hepatobiliary in-
volvement were treated with UDCA, with a reduc-
tion in liver enzymes and improved echographic as-
pects in most cases. UDCA shows choleretic activity, 
reducing bile destruction, preventing bacterial trans-
location, and the development of endotoxin [30]. 
Thus, UDCA treatment has a beneficial effect on the 
activity of liver enzymes, in biliary drainage, hepatic 
histology, as well as in altering the profile of essential 
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fatty acids [30].
Several research studies have been undertaken in 

the last decade to identify a non-invasive method for 
evaluating hepatic fibrosis, such as hepatic transient 
elastography (TE) [13]. In this study, fibrosis was 
observed in approximately 1/3 of the patients sub-
mitted for examination. The median (6.85 kPa) re-
sembles the one (5.6 kPa) described by Witters et al. 
[35]. According to the literature, liver disease usually 
occurs after 10 years of disease evolution, and the 
fibrosis index is associated with the age of patients 
[13]. Similar to this study, measurements of hepatic 
rigidity in TE were significantly higher in the group 
manifesting clinical hepatic disease, altered liver bio-
chemistry, as well as in the group with splenomegaly 
detected by ultrasound [35]. Thus, liver rigidity rep-
resents a viable non-invasive marker to detect CF, 
and to exclude PH.

Age of diagnosis
1. Phenotype 

This study found that the diagnosis of CF was ear-
lier in the group with pancreatic insufficiency, when 
compared with the group diagnosed with pancreatic 
sufficiency (Table 4), possibly due to the manifes-
tation of symptoms related to malabsorption syn-
drome of pancreatic insufficiency.

2. Impact of neonatal screening 

A reduction in the median age of diagnosis was ob-
served after the implementation of the neonatal 
screening, similar to that described in REBRAFC 
2014 [14] (Table 4). Although this study made de-
scriptive analysis, the findings demonstrate the im-
portance of extending the scope of neonatal screen-
ing for CF, with active investigation, in order to en-
sure early diagnosis and treatment to prevent 
damage.

In conclusion, the pulmonary phenotype was the 
most common, while the extrapulmonary manifes-
tations were frequent and clinically relevant, and 
warrant early detection in the course of the disease 
followed by prompt treatment. Most patients, de-
spite manifesting pancreatic insufficiency, revealed 

satisfactory nutritional status, demonstrating the ef-
fectiveness of treatment. The diagnosis was made 
earlier in patients with pancreatic insufficiency. The 
median age of diagnosis was reduced after the im-
plementation of neonatal screening test by the pub-
lic health service of the Federal District of Brazil, un-
derscoring the significance of universal adoption of 
this test internationally.
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