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Abstract 

Cystic fibrosis (CF) patients have a high risk of vitamin D deficiency due to malabsorption. The aim of the study was to 
evaluate the prevalence of 25(OH) vitamin D deficiency in a paediatric CF cohort and the outcome of vitamin D3 treatment. 
We conducted a prospective “before-after” cohort study on 65 children diagnosed with CF. Patient assessment included 
anthropometric measurements, pulmonary function tests and serum vitamin D level assessment at visit one and 6 months later 
at visit 2 for patients with vitamin D deficiency. A serum level below 74 nmol/L was considered vitamin D deficiency. The 
study revealed a high prevalence of vitamin D3 deficiency (61.6%) in CF patients. Treatment with high doses of vitamin D3 
had a good therapeutic response with statistically significant changes of serum levels of 25(OH) vitamin D, but not with the 
expected efficiency. 
 
Rezumat 

Pacienții cu fibroză chistică (FC) prezintă risc crescut pentru deficit de 25(OH) vitamina D secundar malabsorbției. Scopul 
studiului a fost să evalueze prevalența deficitului de vitamina D la pacienții pediatrici cu FC și răspunsul terapeutic la 
tratamentul cu vitamina D3. Am efectuat un studiu de cohortă prospectiv tip „înainte-după” pe 65 de copii diagnosticați cu 
FC. S-au efectuat măsurători antropometrice, probe funcționale respiratorii și determinarea concentrației serice vitaminei D la 
vizitele 1 și 2, la interval de 6 luni, pentru cei cu deficit de vitamina D (sub 74 nmol/L). Studiul a arătat o prevalență crescută 
a deficitului de vitamina D (61,6%) la pacienții cu FC. Tratamentul cu vitamina D3 în doză mare a avut răspuns terapeutic cu 
modificări semnificativ statistice ale nivelurilor serice ale 25(OH) vitaminei D, dar nu cu eficiența scontată. 
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Introduction 

Vitamin D is a fat-soluble vitamin with an important 
role in calcium and phosphorus homeostasis involved 
in the process of normal mineralization of matrix 
collagen I in bones. It also plays an important role 
in bones’ metabolism and normal development of 
muscles in children [11, 26, 29]. 
Vitamin D is found as vitamin D2 form (ergocalciferol) 
in vegetable products and vitamin D3 (cholecalciferol) 
in animal products. Vitamin D synthesis is triggered 
by sun exposure via UVB (ultraviolet radiation B) 
[21] at skin level [7, 8]. Vitamin D binds to an alpha-
globulin - Vitamin D Binding Protein (DBP) and is 
transported to the liver where it’s hydroxylated in 
the 25th position, resulting in 25(OH) vitamin D 
(calcidiol), an inactive but stable form of vitamin D. 

Calcidiol is hydroxylated to its active unstable form, 
1α,25(OH)2 vitamin D3 (calcitriol) in the proximal 
convoluted tubules of the kidneys. This process can 
also occur in other cell types (endothelial, beta, of the 
immune system). DBP is very important for calcitriol 
and calcidiol measurement in children [21, 30]. 
Although biologically inactive, 25(OH) vitamin D 
has a half-life of about 2 - 3 weeks and it’s poorly 
influenced by serum calcium, phosphorus and 
parathyroid hormone (PTH). Its level is used as a 
functional indicator for vitamin D status monitoring 
[4, 30, 31]. 
Although there are differences of opinion, the American 
Society of Endocrinology and the American Pediatric 
Society state that 25(OH) vitamin D levels below 20 
ng/mL (50 nmol/L) are considered deficiency, levels 
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between 21 and 29 ng/mL (52.5 - 72.5 nmol/L) are 
considered insufficiency and levels over 30 ng/mL 
(> 75 nmol/L) are considered sufficient [4, 31]. 
Vitamin D deficiency is a general problem among 
the paediatric population. In Romania, vitamin D3 
prophylaxis (400 - 800 IU) is recommended up to 
18 months of age and afterwards during the cold 
season [14, 16]. 
A special category of patients at high risk for vitamin D 
deficiency are CF children [5]. CF (OMIM 219700) 
[14] is the most common monogenic disease with 
autosomal recessive transmission. Its incidence in 
Europe is 1:2000 - 1:3000 new-borns (carrier state 
1:24 - 1:25 new-borns) with significant ethnic 
variations [17]. CF is a multisystemic disease that 
affects the upper and lower respiratory tracts, the 
digestive system (including liver and gallbladder, 
pancreas) associating exocrine pancreatic insufficiency 
and secondary endocrine involvement, male infertility 
[12, 34]. 
One of the core features in CF is the presence of 
malabsorption due to exocrine pancreatic insufficiency. 
Therefore, despite supplementing with dedicated 
formulas, it often associates significant deficiencies 
in fat soluble vitamins, especially vitamin D [27]. 
This is of great interest in CF because circulating 
vitamin D levels are associated with pulmonary function, 
the increase of number of annual exacerbations [22, 
45], bone mass development and immune response 
efficiency [5, 27]. 
The most common manifestations of vitamin D 
deficiency in these patients are osteoporosis (10 - 
34%) and osteopenia (85% in CF adults). These are 
due to deficient absorption of vitamins D and K, 
prolonged immobilization, lack of sun exposure, 
corticosteroid therapy, delayed puberty and the systemic 
effect of proinflammatory cytokines [9, 11, 12, 34]. CF 
guidelines highlight the importance of annual screening 
of vitamin D deficiency, dietary supplementation, 
irrespective of age and season, along with Pancreatic 
Enzyme Replacement Therapy (PERT) [5, 18, 28]. 
Pancreatic enzymes may be permanently administered 
depending on age or fat content per meal (3000 - 
4000 IU lipase/1 g fat). Fat-soluble vitamins A, D, 
E and K supplementation are also recommended 
permanently [2, 7]. 
CF guidelines recommend vitamin D3 supplementation 
depending on age, as follows: for infants 10 mcg 
(400 - 500 IU) per day, and 10 - 20 mcg (800 - 2000 
IU) per day for children older than 12 months [5, 6, 
38, 44]. 
A minimum serum level of 30 ng/mL (75 nmol/L) 
vitamin D is recommended to be maintained in CF 
patients. Achieving and maintaining this level is often 
difficult, thus multiple treatment options have been 
proposed [3, 41]. 
Low vitamin D levels are associated with a higher 
risk of fractures, kyphosis and pulmonary function 

decline, which correlate with increased morbidity 
and mortality [12, 35]. 
Considering all the above, the main aim of the study 
was to evaluate the prevalence of 25(OH) vitamin D 
deficiency in a paediatric CF cohort and the outcome 
of vitamin D3 supplementation. The second objective 
was to evaluate the association between 25(OH) 
vitamin D levels and certain clinical characteristics, 
and patients’ adherence to PERT. 
 
Materials and Methods 

Study design and patient study population 
We have conducted a prospective “before-after” cohort 
study that included 65 children diagnosed with CF and 
monitored in our Regional CF Center at Mother and 
Child’s Health National Institute “Alessandrescu-
Rusescu” (INSMC), Bucharest, Romania. 
Patient enrolment was conducted over a period of 1 
year (1st of January 2016 - 1st of January 2017). The 
inclusion criteria were: children diagnosed with CF 
(two positive sweat tests, with chloride sweat value 
> 60 mEq/L and/or molecular diagnose) aged between 
2 and 18 years. Patients who failed to meet all the 
diagnosis criteria were not included in the study. 
Also, patients under the age of 2 were excluded from 
the study as most of them were either exclusively 
artificially fed or they were being given fortified milk 
which added an additional intake of vitamin D. 
For all our patients genotyping was performed 
previously to study enrolment as per diagnosis 
guidelines. Our local laboratory determined Cystic 
Fibrosis Transmembrane Conductance Regulator 
(CFTR) gene mutation based on polymerase chain 
reaction (PCR) and reverse hybridization using the 
CF genetic Assay Nuclear Laser Medicine genotyping 
kit provided by Nuclear Laser Medicine, Settala, Italy. 
The kit is certified for in vitro diagnosis and evaluates 
38 mutations and one polymorphism of the CFTR 
gene: F508del (delta F508), I507del, F508C.I502T, 
1706del17, 1677delTA, G542X, 1717-1G>A, R553X, 
Q552X, G551D, S549R(A>C), N1303K, 4016insT, 
R1162X, R1158X, W1282X, G1244E, 2789+5G>A, 
711+1G>T, G85E, 3849+10kbC>T, 621+1G>T, 
R117H, D1152H, L1065P, R1066H, L1077P, 4382delA, 
1259insA, 852del22, R347P, T338I, S912X, I148T, 
3199del6, Allele 5T-7T-9T. 
Written informed consent was signed for each child by 
their parent or legal guardian. The study was approved 
by the local Ethics Committee of INSMC. 
We performed clinical evaluation for each patient. 
Patient assessment included anthropometric measurements 
(weight (kg), Z score – weight; height (cm), Z score - 
height; Body Mass Index (BMI) (kg/m2), Z score - 
BMI). Values of Forced Expiratory Volume in the 
first second (FEV1%) were registered. Unfortunately, 
pulmonary function tests were only available for 
older children who could cooperate and perform 
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successful spirometry manoeuvres. Adherence to 
PERT was assessed. 
Sample collection and serum vitamin D assessment 
25(OH) vitamin D serum levels were assessed in all 
patients along with other biological parameters required 
by official guidelines [5, 6, 16, 18]. In order to 
determine the effectiveness of therapeutic intervention, 
patients who initially had vitamin D deficiency were 
re-evaluated after a 6 months follow-up. PERT 
adherence was also re-evaluated. 
The blood samples were collected and processed in 
the local laboratory. Serum 25(OH) vitamin D was 
evaluated using an Enzyme Linked Fluorescent Assay 
technique (ELFA). In this purpose we used a VIDAS® 
25(OH) Vitamin D Total kit provided by Biomerieux. 
This is an automated quantitative test for human plasma 
or serum samples based on a sequential competitive 
immunoassay. In order to separate 25(OH) vitamin 
D from its binding protein, the sample was mixed 
with a pre-treatment reagent which was afterwards 
collected and transferred into a well, containing the 
conjugate alkaline-phosphatase-labelled anti-vitamin 
D antibody. In this manner the vitamin D antigen of 
the sample and the vitamin D antigen coating the 
interior of the SPR were to compete for binding 
sites on the conjugate. In the final step of the assay 
the substrate (4-methylumbelliferyl phosphate) was 
cycled in and out of the SPR. The substrate was 
catalysed into a fluorescent product measurable at 
450 nm. The intensity of the sample was inversely 
proportional to the vitamin D antigen concentration 
of the sample. The results with respect to the 
calibration curve were automatically calculated [24]. 
In order to evaluate the therapeutic response, a second 
blood sample was drawn after 6 months of treatment 
in patients with initial vitamin D deficiency. 
Seasonal blood sample drawing was respected. All 
initial vitamin D determinations were performed at the 
end of the winter. We considered serum vitamin D 
levels higher than 74 nmol/L normal, levels ranging 
from 20 to 74 nmol/L - moderate vitamin D deficiency, 
and below 20 nmol/L - severe vitamin D deficiency. 
Vitamin D3 supplementation was performed according 
to the recommendations for age and deficiency level 
[6, 37]. Patients between 2 and 10 years of age with 
severe deficiency received 4000 IU daily, whereas 
those with moderate deficiency received 2000 IU daily. 
Patients older than 10 years with severe deficiency 
received 6000 IU per day, whereas those with 
moderate deficiency received 4000 IU per day. 
Statistical analysis 
Differences between groups were evaluated using 
non-parametric tests for continuous variables (Mann-
Whitney U for non-paired variables and Wilcoxon 

tests for paired variables) and chi-square tests for 
nominal variables. Microsoft Excel and SPSS version 
16 for Windows were used for statistical analysis. 
 
Results and Discussion 

A total of 65 patients were enrolled in the study 
with a median age of 8 years old (minimum 2 years - 
maximum 18 years) - Figure 1. 35 out of 65 (53.8%) 
were boys. 27 subjects (41.5%) were F508del 
homozygous. Table I presents descriptive data of 
the recruited patients. 
 

 
Figure 1. 

Age distribution of the studied population 
 
Only one-third of the patients were able to correctly 
complete a spirometry test (younger patients do not 
cooperate for spirometry). 
Prevalence of vitamin D deficiency was 61.6% with 
6.2% of patients having severe vitamin D deficiency 
and 55.4% having moderate vitamin D deficiency. 
Out of the 40 patients who had vitamin D deficiency 
at the first determination 31, of them remained un-
responsive, to vitamin D3 supplementation, maintaining 
the deficiency. After 6 months of follow-up, only 
one of the unresponsive patients remained in the 
subgroup of severe vitamin D deficiency. 
Thus, the prevalence of vitamin D deficiency decreased 
from 61.6% to 47.6% in the entire group of patients 
after receiving the high dose of vitamin D (Figure 2). 
 

 
Figure 2. 

Vitamin D treatment efficiency in the studied group 
of patients 
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Table I 
Descriptive characteristics of the cohort 

Parameter N = 65 
Male gender (n, %) 35 (53.8%) 
Age (years) - median (min - max) 8 (2 - 18) 
Serum vitamin D level median (min - max) 67 (20 - 215) nmol/L 

Severity of vitamin D3 deficiency (n, %) Severe Moderate Without deficiency 
4 (6.2%) 36 (55.4%) 25 (38.4%) 

Patients following vitamin D supplementation (n, %) 40 (61.6%) 
Status of homozygous Delta F508 (n, %) 27 (41.5%) 
Patients with associated infections (n, %) 2 (3.1%) 
PERT compliance (n, %) 55 (84.6%) 
Pulmonary damage - FEV1 < 70% (n, %) 2 (9.5%) 
BMI (kg/m2) - median (min - max) 14.89 (11.64 - 22.31) 
Z-score BMI - median (min - max) -0.96 (-5.61 - -0.16) 
Z-score height - median (min - max) -0.40 (-3.5 - 1.94) 
Z-score weight - median (min - max) -0.59 (-3.5 - 0.89) 
FEV1% predicted - median (min - max) 88.9% (32% - 118%) 
Infectious exacerbation/12 months - median (min - max) 0 (0 - 3) 
Patients who performed spirometry (n, %) 21 (32.3%) 

PERT - Pancreatic Enzyme Replacement Therapy, BMI - Body Mass Index, FEV1 - Forced Expiratory Volume in 1 second 
 
Patients with vitamin D deficiency tended to be older 
than the subgroup of patients without vitamin 
deficiency (median = 9.5 years, minimum 2 years - 
maximum 18 years versus median = 7 years, minimum 
2 years - maximum 16 years, p = 0.12, test Mann-
Whitney U) - Figure 3. 
 

 
Figure 3. 

Comparison between the age distribution in patients 
with and without vitamin D deficiency 

 
It was noticed a correlation between the lack of 
compliance to replacement enzymatic therapy and 
vitamin D deficiency, in the subgroup of patients 
with vitamin D deficiency it has been observed a 
tendency of low compliance to PERT - 8 patients, 
80% versus 32 patients, 52%), p = 0.19, Chi-square 
test. 
A tendency for vitamin D deficiency was observed 
in male patients (25 patients, 71.4% versus 15 
patients, 50%) - p = 0.07, Chi-square test. 
There were no statistically significant differences 
between clinical characteristics of responders and 
non-responders to vitamin D3 supplementation therapy. 
High dose vitamin D3 therapy resulted in a significant 
increase in the serum concentration 6 months after 
initiation of therapy (p = 0.01, paired Wilcoxon test, 

Figure 4). The pre therapeutic level of vitamin D had 
a median of 57.5 nmol/L (minimum 20 - maximum 
71 nmol/L), subsequently increasing under therapy to 
a range of normal values, but maintaining a median 
of 57.2 (minimum 20.2 - maximum 161 nmol/L). 
 

 
Figure 4. 

Vis Comparison between serum levels of Vitamin D 
before and after therapy 

 
At the same time, a negative correlation between 
age and FEV1% was observed (r = -0.43, p = 0.04, 
Kendall-Tau correlation test), FEV1% decreasing 
with age.  
The aetiology of vitamin D deficiency in CF is 
multifactorial: deficient absorption due to exocrine 
pancreatic insufficiency, decreased 25-hydroxylation 
of vitamin D, increased excretion through enterohepatic 
dumping [20], low DBP levels [8, 33] insufficient 
sunlight exposure (multiple hospitalizations, avoiding 
sunlight exposure in patients with antibiotic related 
photo-sensibility), decrease of vitamin D deposits 
due to low fat deposits and lack of compliance with 
vitamin D3 supplementation. 
It is important to remember that the median BMI was 
14.89 (weight deficit is defined by a BMI under 16). 
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According to this parameter, the percentage of patients 
with weight deficit is much higher than the one 
considered by BMI Z-score (-0.96), the weight Z-
score being far more influenced then the height Z-
score. This fact might suggest that the weight deficit 
would indirectly influence (through fat deposits) the 
level of vitamin D deficiency. 
In our study group there was no statistically significant 
correlation between low levels of vitamin D and the 
BMI Z-score, height or weight Z-score. 
There is agreement between scientists regarding the 
impact of vitamin D deficiency over pulmonary 
function in chronic obstructive pulmonary disease 
(COPD), asthma, diabetes mellitus or cardiovascular 
diseases. However, there is no such agreement in CF. 
There are conflicting results regarding the role played 
by vitamin D in CF patients pulmonary function. 
Although, some studies showed that vitamin D 
deficiency does not have an immunologic, anti-
infectious or functional impact on CF patients’ 
lungs [18, 23, 43], other studies state that vitamin D 
deficiency is associated with pulmonary dysfunction 
and lower FEV1% [25]. 
Some studies show a positive correlation between 
vitamin D serum levels and pulmonary function and 
a negative correlation with airway inflammation 
and pulmonary infection [13]. Furthermore, higher 
vitamin D levels could be associated with fewer 
pulmonary exacerbations [1]. 
The results obtained in our study showed that there 
is no statistically significant association between low 
FEV1% and vitamin D deficiency. However, it is 
important to remember that only a third of the 
patients had their pulmonary function tested due to 
technical difficulties (attempting spirometry on patients 
under 6 years old). 
It is however possible for low vitamin D levels to 
correlate with the severity of bronchiectasis, as it is 
for patients with bronchiectasis of other aetiology 
than CF [10]. 
Of the patients with CF, 50% to 90% have vitamin D 
deficiency [25]. This was also confirmed by our 
study. In our study group, 61.6% of the patients with 
CF had vitamin D deficiency, in spite of proper 
intake and compliance with both treatment and 
enzymatic substitution. 
Surprisingly, only 6.2% of these patients associate 
severe vitamin D deficiency. In the literature, the 
prevalence of severe vitamin D deficiency is between 
15% and 23%. Knowing that vitamin D deficiency is 
positively correlated with age [33], these differences 
could have occurred due to the age of the patients 
included in the study. 
Once vitamin D3 supplementation was administered 
in accordance with the current recommendations, the 
percentage of patients with vitamin D deficiency 
decreased from 61.6% to 47.6%, a rather disappointing 
result. The lack of compliance with the recommended 

treatment is suspected in patients who did not improve 
severe vitamin D deficiency [3]. It is therefore 
debatable whether applying other treatment regimens 
for vitamin D deficiency would be beneficial. 
One of these regimens requires vitamin D3 administration 
depending on the severity of the deficiency and the 
age of the patient [6, 38, 44]. Patients with vitamin 
D levels below 75 nmol/L should receive median 
doses of vitamin D (preferably cholecalciferol) for 
3 months. The patients under the age of 5 should to 
receive 12000 IU per week and the ones over the 
age of 5 should receive 50000 IU per week. If after 
3 months of treatment vitamin D levels remain 
below 75 nmol/L, high doses of vitamin D3 will be 
administered for another 3 months. Patients under 5 
years old will receive 12000 IU twice a week and 
those over 5 years old - 50000 IU twice a week [39]. 
However, this treatment regimen for vitamin D 
deficiency in CF still requires studies on large groups of 
patients for the evaluation of its efficiency as there 
are only few studies on this matter [32, 36, 40, 42]. 
Study limitation 
The main limitation was the low number of patients 
in the recruited group which resulted in a low 
statistical power of the study. However, it should be 
underlined that the limited number of patients included 
in the study is due to the fact that CF is a rare genetic 
disease. 
Another significant limitation is represented by the 
lack of complete information regarding pancreatic 
sufficiency/insufficiency - the local laboratory doesn’t 
determine faecal pancreatic elastase. We mention that 
pancreatic replacement therapy is evaluated indirectly 
by monitoring pancreatic insufficiency - measuring 
free fat in the stool but faecal pancreatic elastase has 
higher sensitivity. 
Spirometry could not be performed in preschool 
patients due to lack of adequate equipment on site. 
 
Conclusions 

We observed a high prevalence (61.6%) of vitamin 
D deficiency in the studied population. High dose 
vitamin D3 treatment had a therapeutic response 
with statistically significant changes in serum levels 
of 25(OH) vitamin D before and after intervention 
(a decrease in vitamin D deficiency prevalence from 
61.6% to 47.6%). This was not the expected efficiency 
as not all of the patients reached normal vitamin D 
levels despite treatment according to international 
recommendations. 
No statistically significant associations were found 
between vitamin D deficiency and clinical features 
of CF patients in the studied population. 
However, a tendency of association between the lack 
of compliance to PERT and vitamin D deficiency 
has been observed. 
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