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Abstract

Background: Cystic Fibrosis (CF) is a systemic autosomal disorder and the most important chronic lung disease in children. Oxalate
is the end product of vitamin C metabolism, which increases the risk of kidney stones, urinary bladder stones, and calcium deposits
in CF patients.
Objectives: Considering the increased mineral excretion and the rate of stone formation in the urinary tract, examining the excre-
tion of minerals will greatly help resolve clinical problems.
Methods: This descriptive-analytical study was performed on CF and healthy children in Gorgan in 2018 - 19. In this study, 40 CF
children and 40 healthy children were randomly selected. After obtaining informed consent from the parents of the children, a
random urine sample was collected to evaluate urine minerals. Children with abnormal urinary mineral excretion underwent ul-
trasonography. The data were analyzed by SPSS 18 using descriptive indices (mean ± SD, frequency, and percentage) and statistical
tests (independent t-test, chi-square test, and nonparametric tests).
Results: Out of 80 CF and healthy children, 34 were girls, and the rest was boys. The mean age of the patients was 4.34 ± 3.38. The
age difference was not significant between the groups (P > 0.05). The mean urinary levels of phosphorus, uric acid, magnesium,
and citrate were 0.87 ± 1.01, 1.16 ± 0.68, 0.23 ± 0.18, 2.37 ± 3.13 mg/mg of creatinine. In the pediatric patient group, respectively (P
< 0.001). The mean urinary calcium level in CF patients was 0.28 ± 0.39, which was lower than that in the healthy group. The mean
urinary oxalate level was 0.13 ± 0.20 in CF patients, which was higher than that in the healthy group (P > 0.05). Hyperoxaluria,
hyperuricosuria, hypomagnesiuria, and hypocitraturia occurred in 35, 30, 62, and 7.5% of the CF patients, respectively. Among the
urinary minerals studied, hyperoxaluria was found to be a major determinant of stone formation risk in CF. No correlation was
observed between the formation of stones and the rate of excretion of minerals (P > 0.05).
Conclusions: In summary, CF patients are at an increased risk of developing citrate and calcium stones compared to the healthy
group, which is associated with hyperuricosuria, hypocitraturia, and hyperoxaluria.
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1. Background

Cystic Fibrosis (CF) is a multi-systemic autosomal dis-
order in children and adolescents, often manifested by ob-
struction and infection of the respiratory tract, indiges-
tion, and other adverse events. It is known to be the most
common autosomal recessive and life-restricting disorder
among white people (1-3). Epithelial dysfunction is the
most common complication of this disease and the main
cause of all patient problems. Cystic fibrosis is the most
important cause of chronic pulmonary disease in children
(1) and the most common cause of exocrine pancreatic in-
sufficiency in early years of life, as well. It is also a com-

mon cause of salt loss, nasal polyps, sinusitis, pertussis,
rectum prolepsis, pancreatitis, and insulin-related hyper-
glycemia. Cystic fibrosis may manifest as growth failure
and rarely as the cause of cirrhosis and other forms of liver
disorders, male infertility, and increased chloride concen-
trations in sweat. Therefore, this disease is considered in
the differential diagnosis of many pediatric diseases (1, 2).
It is also possible in the disorders of respiratory and gas-
trointestinal tracts, caused by the concentrated secretion
of these two systems due to chloride secretion abnormal-
ity (4). As a result of disorders in chloride, water, and elec-
trolyte transmission, the secretions of the respiratory tract
in these patients become concentrated and sticky, which,
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in turn, provide an environment desirable for the coloniza-
tion of opportunistic pathogens, especially Pseudomonas
aeruginosa. In fact, the most common cause of death in
these patients is a chronic pulmonary infection by Pseu-
domonas aeruginosa (3).

Cystic fibrosis is inherited via recessive autosomal pat-
terns. The corresponding gene is located at a single locus
on the long arm of chromosome number 7 and is com-
posed of 27 exons. This gene encodes a protein with 1,480
amino acids, called Cystic Fibrosis Transmembrane Regu-
lator (CFTR). It is known that CFTR primarily affects the
epithelial cells of airway tracts, gastrointestinal tracts (in-
cluding the pancreas and gallbladder tracts), sweat glands,
and genitourinary system (1, 2). Although CFTR mainly
acts as a chloride channel, it has several regulatory roles,
some of which include the inhibition of sodium transport
through the epithelial cell sodium channels, regulation
of ATP channels, regulation of intracellular vesicle trans-
port, and inhibition of calcium-dependent chloride chan-
nels function.

The diagnosis of CF is usually made using clinical
symptoms and high sweat chloride concentrations (5, 6).
In the United States, the incidence of CF in the white popu-
lation is one in every 3,500 live births, and its incidence in
the black population is one in every 17,000 live births. Its
global incidence varies from one in every 377 births in the
UK to one in every 90,000 births in the Asian race of Hawaii.
Cystic fibrosis is very common in Central and Northern Eu-
rope, as well as in people who had migrated from these ar-
eas. The DF508 mutation has a prevalence of 70% in the
European white population, but its mutation is found be-
tween 13 and 44% in Arabian, Indian, Iranian, and Turkish
populations (3). Excessive levels of calcium, oxalate, and
uric acid in urine can increase the risk of calcium stone in
the urinary tract (7). Oxalate is the final product of Vitamin
C metabolism, which increases the risk of kidney stones,
urinary tract stones, bladder stones, and calcium deposi-
tion in the kidney among CF patients (8). In these patients,
calcium oxalate kidney stones have been observed in sev-
eral cases. In a study of 43 patients with CF without symp-
toms of urinary stone disease, urinary oxalate mean levels
were increased in the whole patient sample, and the excre-
tion of urinary calcium was decreased (9). In other stud-
ies, however, urinary calcium, oxalate, and uric acid levels
were increased (10). The CF patients may exhibit very di-
verse phenotypes depending on the type of mutation so
that more than 1000 mutations have been attributed to the
CFTR gene so far. It is also due to the abnormal excretion of
various minerals (oxalate, uric acid,calcium , and citrate)
in these patients, which increases the rate of stone forma-
tion in the urinary tract (1).

2. Objectives

The evaluation of the amount of excreted minerals will
greatly help in resolving clinical problems, and there is a
need for studies on phenotypes specific to this region and
specifically for Iranian children.

3. Methods

A descriptive-analytical, case-control study was per-
formed on children with CF referring to Taleghani Pedi-
atric Pulmonology Clinic of Gorgan Educational/Research
Center, whose CF had been confirmed by the specialists
of pediatric pulmonology. The study enrolled 54 children
in the case group and 54 children in the control group.
The case group included healthy children without CF, and
no disease was found to interfere with their urinary min-
erals. After obtaining informed consent from the par-
ents of healthy children and the parents of CF children se-
lected based on the inclusion and exclusion criteria, ran-
dom urine sample containers were provided with special
preservatives to the patients referring to the CF Clinic of
Taleghani Hospital in Gorgan. Random urine samples were
collected and delivered to the laboratory. We trained the
parents 24 hours before sample collection to avoid vita-
min C supplements (due to interference with citrate), fruit
juice, and any medication that could interfere with our test
results (e.g., antibiotics). The sample collection would be
postponed until the discontinuation of the drug. In the
laboratory, the samples were examined with oxalate and
citrate-specific kits produced by Behmedico and Parsaz-
moon and a Chem Well auto analyzer apparatus made in
the US in 2014. Urine samples were randomly collected
for the control group consisting of healthy children after
the children and their parents were asked about the dis-
ease to ensure that they were healthy and without any dis-
ease. Their urine samples were collected, and urinary min-
erals were evaluated. Thereafter, all children with CF whose
urine sample analysis was abnormal were sonicated for
urinary stones. The data were analyzed by SPSS 18 using de-
scriptive indices (frequency and percentage) and statisti-
cal tests (independent t-test and chi-square test).

4. Results

This study included 40 children with CF confirmed by
pediatric pulmonology specialists and 40 healthy children
regarding CF.

The frequency distribution of sex was examined in this
study, and the results showed that out of 80 children (CF
and healthy), 34 (42.5%) individuals were female, and 46
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(57.5%) were male. There was no significant difference in
the gender distribution between the two groups (P > 0.05).

The mean age of CF patients was studied in terms of
month and year. The mean age of the patients was 3.38 ±
4.34. The lowest infant age was 11 months, and the highest
age was for two children with CF aged 11 years. Healthy chil-
dren had a higher mean age than the patients (5.01± 1.09),
and the age range of the majority of the healthy children
was between 4 and 6 years. The age difference between the
case and control groups was not significant (P > 0.05).

The mean urinary calcium level was 0.39 ± 0.28
mg/mg creatinine in the patient group and 0.58 ± 2.82
mg/mg creatinine in the healthy group. According to the
Kolmogorov-Smirnov test, this index did not show a nor-
mal distribution (P < 0.001). The Mann–Whitney test was
used to compare the mean values between the two groups,
which did not show any significant difference (P = 0.817)
although urinary calcium excretion was lower in patients
than in healthy children.

The mean urinary oxalate levels in the randomly col-
lected urine samples of CF and healthy children were 0.13
±0.20 and 0.09±0.09 mg/mg creatinine, respectively. Al-
though urinary oxalate was higher in CF children than in
healthy children, this difference was not considered signif-
icant by the Mann-Whitney test (P = 0.079).

The mean urinary phosphorus levels in the randomly
collected urine samples of healthy children and CF chil-
dren were 0.37 ± 0.22 and 0.87 ± 1.01 mg/mg creatinine,
respectively. The difference was significant in the Mann-
Whitney test (P = 0.002).

The mean total urinary uric acid levels in 80 children
(healthy and CF) was 0.78 ± 0.64 mg/mg creatinine. The
mean urinary uric acid in the randomly collected urine
samples of CF children and healthy children was as fol-
lows. The comparison of mean values using the Mann-
Whitney test showed a significant difference between the
two groups (P = 0.001). The group of healthy children had
lower uric acid excretion than the patient group (Table 1).

Table 1. Mean Uric Acid Levels in Cystic Fibrosis and Healthy Children

Uric Acid
Excretion

Mean ± SD Minimum Maximum P Valuea

CF 1.16 ± 0.68 0.12 4.07

0.001Normal 0.39 ± 0.25 0.04 1.27

Total 0.78 ± 0.64 0.04 4.07

aMann-Whitney test

The mean urinary magnesium level was 0.23 ± 0.18
mg/mg creatinine in CF children and 0.10 ± 0.05 mg/mg
creatinine in healthy children. The total urinary magne-
sium level in children was 0.15 ± 0.16 mg/mg creatinine.

Regarding the normality of data using the Kolmogorov-
Smirnov test, the Mann-Whitney test showed a significant
difference in the mean values between the two groups (P =
0.001).

The urinary citrate level measured in the randomly col-
lected urine samples of CF patients was 3.37 ± 2.13 mg/mg
creatinine, and the mean level in 80 children was 1.40 ±
2.40 mg/mg creatinine. Given the non-normal distribution
of data (P < 0.28), the Mann-Whitney test was used to com-
pare the mean urinary citrate level, which showed a signifi-
cant difference in the urinary citrate level between healthy
and CF children. In other words, children with CF had more
citrate excretion than the healthy group (P = 0.001) (Table
2).

Table 2. Mean Urinary Citrate Level in Healthy and Cystic Fibrosis Children

Citrate
Excretion

Mean ± SD Minimum Maximum P Valuea

CF 2.37 ± 3.13 0.08 14.18

0.001Normal 0.49 ± 0.26 0.04 1.12

Total 1.43 ± 2.40 0.04 14.18

aMann-Whitney test

The evaluation of the levels of inorganic metabolites
and its comparison with normal values in patients with CF
showed that hypocitaturia, and hypomagnesuria occurred
in 7.5, and 62% of the patients, respectively. Also, hyperuri-
cosuria and hyperoxaluria were seen in 30 and 35% of the
patients, respectively (Table 3).

The ultrasound examination of 40 CF patients showed
only one patient with kidney stones, and the remaining pa-
tients had no stones, and no association was observed be-
tween stone formation and mineral excretion (P > 0.05).

5. Discussion

Cystic fibrosis is an autosomal recessive genetic disease
resulting from a mutation in the CFTR gene that encodes
the chlorine ion transporter channel protein. Cystic fibro-
sis is characterized by pancreatic insufficiency, intestinal
malabsorption, growth disorders, and pulmonary diseases
(11). Cystic fibrosis is lower among African, American, and
Asian people than in Northern Europeans. The frequency
of this mutation has been reported in different regions of
Iran between 16 and 23% (12). The urinary disorder is rare
in children with CF, and its prevalence in asymptomatic
primary school children is 1% annually (13). Metabolic and
genital disorders are the predisposing factors for urolithi-
asis (14).

Well-known metabolic risk factors for calcium stone
formation and urinary calcium excretion include hyper-
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Table 3. Abnormal Levels of Mineral Minerals in Children with Cystic Fibrosis

Age, y Levels, mg/mg Number No. (%)

Hyperuricosuria 12 (30)

< 1 > 2.2 1

1 – 3 > 1.9 2

3 – 5 > 1.5 0

5 – 10 > 0.9 9

Hyperoxaluria 14 (35)

< 6 mo > 0.29 0

6 mo - 2 y > 0.2 3

2 – 5 > 0.11 3

6 – 12 > 0.63 8

Hypocitraturia 3 (7.5)

0 – 5 < 0.42 3

> 5 < 0.25 mg/mg 0

Hypomagnasuria 25 (62)

0 – 1 < 0.48 8

1 – 2 < 0.37 3

2 - 3 < 0.34 3

3 – 5 < 0.29 3

5 – 7 < 0.21 5

7 – 10 < 0.18 6

calciuria, hyperoxaluria, and increased uric acid excretion
through urine. In addition, a decrease in citrate excretion
is another risk factor (15, 16). Major causes of nephrocalci-
nosis and nephrolithiasis are idiopathic factors, but these
conditions occur sometimes due to a lack of specific en-
zymes, familial issues, and diseases such as CF (17).

It has been traditionally accepted that the kidneys are
not affected by CF, and so far, no significant changes in re-
nal function have been observed in patients with CF. How-
ever, the CFTR protein is expressed in the renal epithe-
lium and is found in proximal tubules, henella loop, dis-
tal tubules, and urinary collecting ducts (18). Although
urolithiasis is commonly seen in CF patients over 20 years
of age, it is not common in children. Despite a widespread
agreement on the association between kidney stones and
CF, there are still some doubts about the mechanism of this
association (19). Therefore, this study was designed to com-
pare urinary minerals (calcium, oxalate, citrate, phospho-
rus, magnesium, and uric acid) and their effects on stone
formation in two groups of CF children and healthy chil-
dren.

In this study, the mean age of the patients was 3.34 ±
3.38 years, which was lower in CF children than in the con-

trol group, but this difference was not significant (P > 0.05)
(3, 20). Also, about 60% of the patients were male. The
mean age of the patients in Qarachi and Rafi’i studies was
reported as 62.05 ± 31.11 months and 71.38 ± 61.85 months,
respectively, and approximately 60% - 70% of the patients
were male (21-23), which are consistent with the present
study. However, in Ashtiani’s study on 49 CF patients with
a mean age close to the age of patients in our study, the
gender of the majority of the patients was reported as fe-
male (24). In our study, approximately 2.5% of the patients
had evidence of stones, which is close to the prevalence of
urolithiasis (3% - 6%) reported in previous studies (25, 26).

In the current study, the minerals levels in the two
groups of CF patients and healthy children were com-
pared. The mean urinary levels of phosphorus, uric acid,
magnesium, and citrate were 0.87 ± 1.01, 1.16 ± 0.68, 0.18
± 0.23, and 2.37 ± 3.13 mg/mg creatinine in the pediatric
patient group, respectively. The results also showed a sig-
nificant difference between the two groups in the level of
mineral salts, with the excretion of the above minerals in
CF children being significantly higher than in healthy chil-
dren (P < 0.001). The mean urinary calcium level in pa-
tients with CF was 0.28 ± 0.39 mg/mg creatinine, which
was lower than the mean urinary calcium level in the
healthy group. The mean urinary oxalate level was 0.13 ±
0.20 mg/mg creatinine in CF patients, which was higher
than the mean urinary oxalate level in the healthy group.
Nonetheless, no significant difference was observed be-
tween the two groups. In spite of this, the comparison of
urinary mineral excretion of CF patients with the normal
values of general population revealed that nearly one-third
(35%) of the patients had hyperoxaluria. This was similar
to urinary oxalate excretion reported by other researchers
(35% vs. 40% - 65%) (19, 27).

Hyperoxaluria has been identified as a major risk fac-
tor for stone formation in CF patients. Hyperoxaluria is of-
ten due to intestinal absorption and is associated with mal-
absorption and steatosis (28). Low calcium in the diet of pa-
tients is the most common cause of increased intestinal ab-
sorption of dietary oxalate (29). Regular antibiotics against
pulmonary infections may result in the reduction or elim-
ination of oxalate-destroying bacteria in the intestine, es-
pecially anaerobic bacterium Oxalobacter (30). Based on
the above findings and considering that there was no sig-
nificant difference in the mean oxalate level between the
healthy and patient groups in this study, this may be due
to the patient’s diet or laboratory techniques.

In the present study, hypocitraturia was observed in
nearly 8% of children with CF, which was lower than the
rate in other studies (8, 19, 28, 31). In some studies, low cit-
rate secretion has been reported in the urine of CF patients,
and this low excretion appeared to be associated with hy-
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pokalemia and acidosis (28). Evidence has shown that de-
creased potassium and its increased tubular uptake into
renal cells may lead to decreased citrate excretion (19).

In this study, normal urinary calcium excretion was ob-
served in 77% of the patients. Other studies have also re-
ported low urinary calcium excretion, with only 12% - 20%
of the patients having hypercalciuria (30, 31). Bohles and
Michalk found that urinary creatinine excretion was lower
in CF patients than in controls (31). In the present study, de-
spite a significant difference in the mean urinary calcium
level between the healthy and patient groups, the differ-
ence in calcium excretion levels between the two groups
was not significant. In a study of 34 patients with CF, Ben-
ture et al. also found that nearly 30 patients had normal
urinary calcium excretion, and only four cases of hypercal-
ciuria were observed, which could have been due to sec-
ondary causes such as glucocorticoid administration or in-
activity. Moreover, while normal urinary calcium does not
promote stone formation, other factors such as increased
urinary oxalate excretion and renal phosphorus loss have
been suggested as contributing factors to calcium stone
formation in CF children (26). The hyperuricosuria rate
observed in the present study was similar to the rates in
other studies (30% vs. 25% - 55%) (21). High-protein diets
and purine-rich pancreatic enzyme supplements may be
risk factors for uric acid excretion in CF patients.

In summary, CF patients are at an increased risk of
developing citrate and calcium stones compared to the
healthy group, which is associated with hyperuricosuria,
hypocitraturia, and hyperoxaluria.
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