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Abstract

Background: Cystic fibrosis (CF) is a monogenic hereditary disease with diverse complications, which substantially
reduce the quality of life and longevity of patients. With regard to the scarcity of information on epidemiological
aspects of this disease in Iran, we aimed to examine the current status of pediatric CF patients in a tertiary referral
center in south Iran.

Results: Medical records of 105 patients (51% female) with the mean age of 16.3 ± 34.4 months were reviewed.
Twelve patients (13.3%) had siblings with CF. Failure to thrive and respiratory symptoms were the most common
presentations. Elevated liver enzymes and steatorrhea were detected in over half of tested patients, while abnormal
serum albumin level, urinalysis, positive urine cultures, and positive acute phase reactants were noticed in less than
half of the patients. Mild increase in pulmonary artery blood pressure was the most common finding of
echocardiography. Increased liver echogenicity was the top finding of abdominopelvic sonography. Out of 42
available patients, 19 (45.2%) died with the mean age of 54.4 ± 101.8 months. The highest rate of mortality was
observed in the 2–6 years old age group (42.9%).

Conclusion: Increased liver echogenicity was the most common finding in hepatobiliary evaluation. Mild increase
in pulmonary artery blood pressure was the most common finding of echocardiography.
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Background
Cystic fibrosis (CF) is the most common lethal auto-
somal recessive genetic disorder in white ethnicity with
a global estimated prevalence of 80,000 [1]. CF was first
described in 1938 as a distinct entity [2], and its respon-
sible gene, CF Transmembrane Conductance Regulator
(CFTR) gene, was identified half a century later on
chromosome 7 [3, 4]. CFTR functions as an ATP ion
channel that regulates the transport of chloride at the

apical membrane of epithelial cells [5]. Nearly 2000
detected mutations in the encoding gene of CFTR result
in variable degree of dysfunction to absence of this pro-
tein [6]. Consequently, decreased mucociliary clearance
(MCC) and accumulation of dehydrated thickened secre-
tions occurs in organs with epithelialized surfaces, such
as airways, pancreatic ducts, hepatobiliary ducts, gastro-
intestinal tract (GIT), and genitourinary tract. Based on
the severity of the genetic defect, these conditions are
associated with a wide range of CF-related comorbidities
in patients [7], including but not limited to obstructive
lung disease, endobronchial infections, pancreatic insuf-
ficiency, malnutrition, and failure to thrive [8, 9]. There-
fore, management of CF is multidisciplinary and mainly
targeted at the specific complications of patients, for
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instance pancreatic enzymes replacement and nutritional
support, antibiotic therapy, administration of anti-
inflammatory agents, mucolytics, and more recently
novel CFTR modulators [10–13]. These strategies have
successfully improved the survival and life-expectancy
over the past decades [14].
Although CF is relatively rare in Iran, the great

personal and financial burden of the disease and the
availability of effective treatment modalities justify the
efforts on expanding our understandings about CF
epidemiology and regional differences. This will help
diagnose the disease at earlier stages and minimize the
chance of neglecting new cases, particularly in pediatric
field, where prompt and aggressive initiation of treat-
ment can highly influence the outcome. Following this
concern and due to the lack of information on epidemi-
ology of CF in our province, we conducted this study to
examine the current status of pediatric CF patients in a
tertiary referral center in south Iran.

Methods
Patients and settings
This retrospective cross-sectional study was conducted
on CF patients (< 18 years), who had been diagnosed by
pediatric gastroenterologists or pulmonologists. Medical
records of patients were extracted from the registry of
our university clinic in Iran, over a 10-year period from
2002 to 2011. Diagnosis was confirmed if along with re-
lated clinical manifestations and/or positive family his-
tory of CF, two separate samplings revealed sweat
chloride concentration to be above 60mmol/lit. Patients
were excluded if CF was ruled out in further follow-ups.

Data gathering
Demographic characteristics and medical profile includ-
ing age at the time of diagnosis, gender, initial manifest-
ation of disease, and family history were recorded.
Laboratory and paraclinical findings such as complete
blood count (CBD), serum level of acute phase reactants
including erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP), liver enzymes (AST and ALT),
albumin, blood urea nitrogen, creatinine, blood culture,
urinalysis and urine culture, stool exam for occult blood,
occult parasite and fat, blood gases, plasma electrolytes,
as well as echocardiography and sonography results were
assessed. Outcome of cases was collected.
Data were analyzed using Windows SPSS software,

version 22, and a p value less than 0.05 was considered
as the statistical level of significance.

Results
A total of 105 medical records were reviewed, of whom
51% were female and 49% were male. The mean age of
patients was 16.28 ± 34.36 months (10 days to 204

months). Twelve patients (13.3%) had siblings with CF.
We divided the patients into age-groups with cutoffs at
6 months, 2 years, and 6 years for better evaluation.

Clinical manifestations
Failure to thrive and respiratory symptoms such as
cough were the most common presentations. As seen in
Table 1, abdominal pain was the most frequent in chil-
dren aged > 6 years compared to the other age group.

Laboratory findings and imaging
The results of laboratory tests are demonstrated in
Table 2. There were no significant differences among
age groups.
Liver function test was available in the documents of

67 patients, most of whom had abnormally high levels of
(> 40 U/L) ALT (74.6%) and AST (58.2%), and among
36% of them, serum albumin level were less than 3 g/L.
Out of 75 urinalysis results, 30 (40%) were found ab-

normal due to glycosuria (n = 13), hematuria (n = 8), py-
uria (n = 8), and proteinuria (n = 4). Positive urine
cultures were detected in 15 (23.4%) of 64 tested
patients.
Among 84 patients, for whom blood gases analysis was

requested, alkalosis was noticed in 35 (41.7%), while only
13(15.7%) had acidosis. Acute phase reactants, including
ESR and CRP were elevated in 23 (37.7%) out of 61 and
19 (38.8%) out of 49 patients, respectively (Table 2). The
overall incidence of positive blood cultures and
bacteremia was 10 (50%) out of 20 patients. Fatty stool
was detected in 45 (84.9%) of 53, occult blood in 9
(21.4%) of 42, and parasite in 1 of 39 specimens.
Echocardiography was performed for 25 patients. Vari-

ous abnormalities were detected in 80% of these patients
as follows: mild increase in pulmonary artery blood pres-
sure (60%), mild to moderate tricuspid regurgitation
(50%), atrial septal defect (25%), pulmonary valve insuffi-
ciency (15%), patent ductus arteriosus (15%), and patent
foramen ovale (15%).
In addition, 15 out of 38 patients who underwent

abdominopelvic sonography showed the following
abnormalities: increased liver echogenicity (n = 8),
hepatomegaly (n = 4), splenomegaly (n = 1), severe asci-
tes (n = 1), ectopic left kidney (n = 1), gallbladder
thickening (n = 1), intestinal wall thickening (n = 1),
hyper-echogenicity of right kidney (n = 1), and multiple
hypo-echogenic lesions in liver (n = 1).

Medical therapy
Medical therapy was the main treatment approach.
Of all cases, 90% had received antibiotics, and
cephalosporins were most commonly administered
(71.4%). Pancreatic enzymes (73%), supplements
(87.6%), bronchodilators (28.4%), and mucolytics
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(6.3%) were also prescribed for the treatment
protocol.

Patients’ outcome
Forty-two patients could be contacted for outcome as-
sessment. Nineteen (45.23%) had died with the mean age

of 54.4 ± 101.8 months. The highest rate of mortality
was observed in the 2–6 years old age group (42.9%).
The mean age of alive patients was 74.6 ± 43.8 months.
Concurrent respiratory and gastrointestinal diseases
were reported in 13 patients, while 9 had only gastro-
intestinal complications (Table 3).

Discussion
The number of patients with CF is relatively limited in
Iran. Our center, as a large tertiary referral hospital, evi-
dently provides care and services for all severe cases of
pediatric CF. The pediatric outpatient clinic is linked to
the hospital, where attending professors visit and refer
suspected patients for admission and further work-ups.
Over 10 years, 105 CF patients had been admitted. In our
study population, the ratio of male to female was 1:1.
On average, patients were diagnosed in the second

year of life. In another study, 64% of the children were
diagnosed < 3 years of age [15].
Alkalosis was more prevalent in arterial blood gas

analysis compared to acidosis. In a systematic review
by Scurati-Manzoni et al., metabolic alkalosis was
similar between subacute and chronic patient with
cystic fibrosis [16].
Acute phase reactants were in slightly over one third

of tested patients positive. It may be due to recurrent
pulmonary infection in children with CF.

Table 1 The frequency of respiratory, gastrointestinal, and systemic presentations in our study population of CF patients categorized
by age groups

Presentation < 6 months 6months to 2 years 2–6 years 6 years < Total P value

Respiratory

Cough 54.8% 51.7% 42.9% 57.1% 56 (53.3%) 0.936

Increased respiratory rate 38.7% 34.5% 42.9% 42.9% 40 (38.1%) 0.985

Respiratory distress 37.1% 41.4%% 42.9% 42.9% 41 (39%) 0.983

Sputum 27.9% 37.9% 42.9% 42.9% 34 (32.4%) 0.648

Gastrointestinal

Abdominal pain 0 0 14.3% 28.6%% 3 (2.9%) 0.002*

Flatulence 9.7% 3.4% 28.6% 0 9 (8.6%) 0.114

Nausea/vomiting 37.1% 37.9% 14.3% 14.3% 36 (34.3%) 0.429

Distal bowel obstruction 3.2% 0 14.3% 0 3 (2.9%) 0.234

Delayed meconium passage 12.9% 0 0 0 8 (7.6%) 0.084

Diarrhea 33.3% 37.9% 28.6% 28.6% 36 (34.3%) 0.848

Constipation 0 6.9% 0 14.3% 3 (2.9%) 0.096

Systemic

Failure to thrive 56.5% 55.2% 28.6% 42.9% 56 (53.3%) 0.542

Fever 24.2% 55.2% 28.6% 42.9% 36 (34.3%) 0.029*

Convulsion 1.6% 0 14.3% 0 2 (1.9%) 0.249

Irritability 16.1% 20.7% 14.3% 0 17 (16.2%) 0.672

*P < 0.05

Table 2 Laboratory findings in our study population of CF
patients

Parameters Minimum Maximum Mean ± SD

WBC 1000 26,000 13100 ± 4980

Hemoglobin 4 18 10.86 ± 3.08

MCVa 55 113 79.08 ± 15.54

MCHb 23 36.00 25.05 ± 4.84

Plt × 103 9.8 984 387.2 ± 207.5

AST 10 417 91.4 ± 73.23

ALT 4 421 54.69 ± 65.99

Albumin 1.3 5.4 3.49 ± 0.91

Total bilirubin 0.2 17 1.83 ± 3.35

Direct bilirubin 0.1 10.50 0.66 ± 1.46

BUN 1 76 11.95 ± 11.28

Creatinine 0.1 2.5 0.6 ± 0.27

ESR 2 68 19.83 ± 18.04

Sweat Cl test 60 198 92.85 ± 41.60
aMean corpuscular volume
bMean corpuscular hemoglobin
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Most common findings in echocardiography were mild
increase in pulmonary artery blood pressure and mild to
moderate tricuspid regurgitation. Increased pulmonary
artery blood pressure is the early sign of potential heart
impairment in pediatric age group with CF [17].
Increased liver echogenicity was seen in 21% of

children who underwent abdominal sonography. In the
study by Akata et al., increased liver echogenicity was
seen in 50% of children with CF [18]. This difference
may be due to disease stage and also expertise of
radiologist.
Severe anemia was seen in our study. Early severe

anemia may be the first sign of cystic fibrosis [19].
In the current study, 13.3% of the cases had sibling

with CF. Positive consanguinity was reported in 50% of
patients in another study from Egypt [20].
Several population-specific studies in Iran have de-

tected novel mutations and polymorphisms in CFTR
gene [21–25]. In the Mohseni et al.’s study, novel com-
pound heterozygous missense mutation (c.3119 T>A
(p.L1040H)), which was previously reported as nonsense
c.3484C>T (p.R1162X) mutation, was found in exon 19
in patient screening [21]. In the study by Alibakhshi
et al., the most common mutations were p.F508del
(DeltaF508) (18.1%), c.2183_2184delAAinsG (2183AA>G)
(6.5%), p.S466X (5.8%), p.N1303K (4.3%), c.2789+5G>A
(4.3%), p.G542X (3.6%), c.3120+1G>A (3.6%), p.R334W
(2.9%), and c.3130delA (2.9%) [22]. Distribution of muta-
tions are not consistent with other populations, which em-
phasizes the necessity of adopting modified sequence
analysis for appropriate screening and genetic counseling
programs in Iranian CF patients [26–28]. Furthermore,
the clinical role of these variations should be considered
as phenotype is related to the genotype [29].
Similar to our study, respiratory symptoms such as

cough and pulmonary infection, steatorrhea, FTT
[30], diarrhea [30], respiratory distress [31–33], alkal-
osis, and liver function abnormalities [30] have been
reported to be frequent among Iranian CF patients.
In a study from Egypt, chronic cough, failure to
thrive, and steatorrhea were the most common find-
ings [20]. FTT was reported in all children in a study
from Egypt [34].

Mortality rate was 45.23% among children with
follow-up. In the study by Smith et al., among children
with CF who admitted to pediatric intensive care unit,
mortality rate was 19.1% which is significantly lower
than our study [35].
Significant associations between serum albumin and

protein with weight, height, and head circumference
have been suggested [36]. In a study by Vahedi et al., it
was stated that positive family history, a consanguineous
marriage, and residence in a rural area increases the rate
of mortality [37]. In addition, pseudomonas infection,
number of previous admissions and the severity of pul-
monary hypertension were mentioned as major determi-
nants of mortality by Baghaie et al. [38].
The scarcity of CF studies in low prevalence countries

such as Iran in contrast to the extent of European and
American literature is not surprising. However, it would
be a mistake to ignore the importance of fatal rare dis-
eases, when effective managements can be applied.
Failing to raise awareness in medical community leads
to underdiagnosis or misdiagnosis, especially in a disease
like CF which has diverse presentations. The population
of Iran is heterogeneous and comprises of multiple eth-
nicities. Therefore, regional studies are encouraged to
verify the spectrum of CF manifestations, investigate un-
known causes of neonatal mortality more precisely, and
conduct genetic testing to reveal specific CFTR muta-
tions and their consequent outcomes and predicted
survival.
It is well-know that earlier presentation is associated

with severity of CF, while patients diagnosed in adult-
hood have milder clinical phenotypes. Thus, our findings
cannot accurately represent the general status of all CF
patients. Due to the limited number of patients, re-
searcher could benefit most from national registries [39].

Conclusion
Increased liver echogenicity was the most common find-
ing in hepatobiliary evaluation. Mild increase in pulmon-
ary artery blood pressure was the most common finding
of echocardiography. Establishing a single national data-
base yields more reliable information and allows for pro-
spective following of mortality trends, addressing the

Table 3 Complications and outcome in our study population of CF patients

Outcome < 6months 6months to 2 years 2–6 years 6 years <

Healthy 1.6% 3.4% 0 0

GI complications 8.1% 13.8% 0 0

Respiratory complications 0 0 0 0

Concurrent GI and respiratory complications 17.7% 10.3% 14.3% 14.3%

Dead 22.6% 6.9% 42.9% 28.6%

Unavailable 50% 65.5% 42.9% 57.1%
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impact of attributable factors, monitoring the efficacy
and pitfalls of care, and prioritizing required interven-
tions in different centers.

Limitation
Cross-sectional study and single-center study are the
limitations of the current study. Genetic study was not
available for most of the patients due to economic
problem.
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