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Abstract

Aim Vitamin D is a prominent modulator of immunity and respiratory function. It plays a vital role in respiratory
diseases such as cystic fibrosis (CF). S. However, there is a dearth of information on patients with CF. The purpose

of the meta-analysis is to highlight the importance of following the existing guidelines regarding maintenance of Vita-
min D serum levels in patients with CF.

Methods The systematic search was conducted without utilizing any time or language limitations in original data-
base from the beginning until March 2022. The meta-analysis was performed using a random-effects model. Hetero-
geneity was determined by * statistics and Cochrane Q test.

Results Pooled analysis using the random-effects model of the 8 case—control studies with 13 effect sizes revealed
that the serum 25-OH-vitamin D in participants with cystic fibrosis was significantly lower than controls in pedi-
atrics and adolescences (WMD: — 3.41 ng/ml, 95% Cl — 5.02, — 1.80, p= <0.001) and adults (WMD: — 2.60 ng/ml,

95% Cl —4.32,— 0.89, p=0.003). Based on data from 12 studies (21 effect sizes) with a total of 1622 participants,

the prevalence of vitamin D levels of 20-30 ng/ml in CF patients was 36% among pediatrics/adolescents and 63%
among adults. In addition, 27% of pediatric/adolescent CF patients and 35% of adult CF patients had vitamin D levels
of below 20 ng/ml.

Conclusions As a result, according to the existing guidelines, our results proved the need to pay attention
to the level of vitamin D in these patients.
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Introduction

Cystic fibrosis (CF) is a disease caused by a mutation in
the cystic fibrosis transmembrane conductance regula-
tor (CFTR) gene with an autosomal recessive pattern of
inheritance. This mutation impairs chloride transport
across the epithelial membranes, thickening the mucus
layer on the surfaces of the lung, intestines, pancreas, and
other organs’ surfaces [1]. This results in persistent
infection and airway inflammation, leading to respira-
tory failure [2—4]. The exocrine and endocrine pancreas,
the gastrointestinal tract, and the lungs are just a few
impacted by CF. This results in lipid malabsorption and
lipid-soluble vitamin deficiencies [5].

Vitamin D deficiency is common in CF patients
because of fat malabsorption due to exocrine pancreatic
impairment, as well as inadequate dietary intake, altera-
tions in vitamin D metabolism, and limited sun expo-
sure [6-9]. Despite replacing vitamin D patients who are
given oral supplements, vitamin D deficiency has been
reported to affect up to 90% of CF patients at [5] and the
majority of patients fail to achieve therapeutic levels vita-
min D deficient (<20 ng/ml) or insufficient (20-30 ng/
ml) than healthy controls.

Lower levels of circulating 25-hydroxyvitamin D
[25(OH)D], a determinant of vitamin D status, are asso-
ciated with a high incidence of upper respiratory tract
infections and chronic lung diseases [10]. According to
clinical and in vitro studies, vitamin D increases the syn-
thesis of cathelicidin (LL-37), a critical antimicrobial
peptide, showing a molecular mechanism for its immu-
nomodulatory functions [11-13]. Numerous studies have
shown that children and adults affected by CF are more
likely to experience lung exacerbations when they are
vitamin D deficient [18-20]. Recent pilot studies showed
that vitamin D supplementation in CF patients acceler-
ated healing following a lung exacerbation of CF [14-16].
There is no clear evidence of a direct association between
vitamin D levels in children and adolescence with CF; we
conducted a systematic review to assess this association.

Methods

Search strategy

There is a comprehensive systematic search in PubMed/
MEDLINE, Web of Science, SCOPUS, and Embase
from inception until March 2022 without using time or
language restrictions. Keywords from the medical sub-
ject headings (Mesh) database were used for this search
as follows: (vitamin D OR vit D OR ergocalciferols OR
calcifediol OR 25-hydroxyvitamin D) AND (Cystic
Fibrosis OR CF). Additionally, the reference lists of the
articles retrieved, dissertation of Phd or Masters, also
the gray literature, and related review studies were also
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hand-screened to identify eligible publications that our
search might have omitted.

Study selection

After excluding duplicate articles, two authors inde-
pendently reviewed the titles, the abstracts, or the full
text of the retrieved studies to detect eligible publica-
tions. Finally, original studies were included in the pre-
sent meta-analysis if they met the following criteria: (1)
population: adults and children of all ages and genders;
(2) exposure: cystic fibrosis; (3); outcome: serum 25(OH)
vitamin D; and (4) study design: cross-sectional, case—
control, or cohort studies. Articles excluded from the
analysis include: (1) studies not reporting the association
between serum 25(OH) vitamin D and cystic fibrosis, (2)
reviews, editorials, letters, or commentaries literature,
(3) unpublished studies, (4) conference proceedings, (5)
duplicates or irrelevant studies, and (6) animal, or in vitro
or in vivo studies, and studies whose corresponding
author did not offer any feedback after several emails.

Data extraction

Two independent researchers reviewed the data and an
additional reviewer resolved any disagreements between
the two. The following information was collected: author,
year of publication, country, age, participants’ gen-
der, sample size, mean and standard deviation of serum
25(OH) vitamin D, prevalence of serum vitamin D defi-
ciency and/or insufficiency.

Quality assessment

Studies included in the meta-analysis were assessed using
the Newcastle-Ottawa scale for cross-sectional and
cohort studies. A quality score was specified on the basis
of three major components: selection of study groups
(0-5 points), adequacy of adjustment for confounding
variables (0-2 points), and ascertainment of the out-
come of interest (0—3 points). High-quality studies were
defined as those that scored with at least seven stars on
the Newcastle-Ottawa scale. Medium-quality studies
received scores of five to six stars [17].

Data synthesis and statistical analysis

The statistical analysis was conducted using STATA soft-
ware version 12.0 (Stata Corp, College Station, TX, USA).
Data were combined, and if there were>3 case—con-
trols, the random-effects model was used and reported as
weighted mean differences (WMDs) [18]. The prevalence
of serum vitamin D deficiency and insufficiency was
expressed as proportions and 95% confidence intervals
(95% CI) using the random-effects model and presented
as forest plot. Heterogeneity was examined using the
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I-squared (1) statistic, in which the source of heterogene-
ity was determined if the /* value was >50%. We assessed
the presence of publication bias using the formal Egger’s
test [19, 20].

Results

Figure 1 shows a flowchart of the study selection pro-
cess and reasons for exclusion.. Following the system-
atic search, 713 publications were obtained and after
excluding duplicate studies, a total of 517 publications
were included. Then, we reviewed the title/abstract of
the remaining studies and excluded 434 articles which
did not meet the inclusion criteria. A total of 83 articles
were retrieved during the secondary screening (by full
text). Of these, 63 studies were discarded since they did
not include data of interest. Finally, 20 studies (case—con-
trol=8 and cross-sectional =13) met the eligibility crite-
ria and were included in the quantitative meta-analysis.

Study characteristics

The characteristics of the pooled studies are presented in
Tables 1 and 2. All articles were published between 1981
and 2018. Among the studies integrated in this system-
atic review, 8 studies were case—control [21-28] and 12

Records identified through database
searching
(n=711)

studies had a cross-sectional design [29-40]. The total
sample size was 1,157 in the case control studies and 1622
patients in the cross-sectional studies. Of the 20 papers,
10 were from children, 7 from adults, and 1 included all
age groups (or both children and adults). Other variables
are completely presented in Tables 1 and 2.

Meta-analysis results for case—control studies

Pooled analysis using the random-effects model of the 8
case—control studies (with 13 effect sizes) revealed that
the serum 25-OH-vitamin D in participants with cystic
fibrosis was significantly lower than controls in pediatrics
and adolescences (WMD: — 3.41 ng/ml, 95% CI — 5.02,
— 1.80, p<0.001) and adults (WMD: — 2.60 ng/ml, 95%
CI — 4.32, — 0.89, p=0.003) without a significant het-
erogeneity seen among the papers (I*=17.8%, p=0.29
in pediatrics and adolescences and I*=0%, p=0.55 in
adults) (Fig. 2).

Meta-analysis results for cross-sectional studies

Based on data from 12 studies [21 effect sizes] with a
total of 1622 participants, we detected an overall preva-
lence of vitamin D of 20-30 ng/ml in pediatrics/ado-
lescences and adults with cystic fibrosis of 36% (95% CI

Additional records identified
through other sources
(n=2)

Records after duplicates removed

Records excluded

( Eligibility ’[ Screening ” Identification ’

Included

(m=517)

(n=434)

Full-text articles assessed
for eligibility

(n=83)

l

Treatment arms included
in the meta-analysis
(n =20 studies with 34
effect sizes)

Case control=8

Cross sectional=12

Insufficient data, or not related,
n=39

Studies with different designs
from the inclusion criteria, n = 8

Full-text not available, n =3

No outcome of interest, n =13

Fig. 1 Flowchart of the selected studies, including identification, screening, eligibility and the final sample included
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Study %
ID WMD (95% Cl) Weight
children and adolescents :
Ambroszkiewicz J (2013) —O—E— -4.91 (-8.66, -1.16) 7.87
H M Buntain (2004) — -1.70 (-6.20, 2.80) 5.45
Ristan M. Greer (2003) —— -2.02 (-3.95, -0.09) 29.68
NW Solomons (1981) + T -6.40 (-10.91,-1.89) 5.43
Tatjana Jakovska (2018) : -+ -1.80 (-7.90, 4.30) 2.97
Rebecca M. Thursfield (2018) : 0.00 (-10.47,10.47)  1.01
T. Jakovska-Maretti (2013) : + -2.19 (-7.16, 2.78) 4.48
T. Jakovska-Maretti (2013) * : -7.33 (-11.86, -2.80) 5.40
Subtotal (I-squared = 17.8%, p = 0.290) 0 -3.41 (-5.02, -1.80) 62.28
: |
Adults i
H M Buntain (2004) E + -1.90 (-9.96, 6.16) 1.70
Ristan M. Greer (2003) —;—0—— -1.69 (-4.57, 1.19) 13.34
R J STEAD (1988) —_— -3.60 (-6.30, -0.90) 15.14
T. Jakovska-Maretti (2013) _— -2.38 (-6.21, 1.45) 7.54
Subtotal (I-squared = 0.0%, p =0.813) <‘:> -2.60 (-4.32, -0.89) 37.72
- |
Overall (l-squared = 0.0%, p = 0.555) <> -2.96 (-4.01, -1.90) 100.00

NOTE: Weights are from random effects analysis

-11.9 0

I
1.9

Fig. 2 Pooled results of case-control studies for the analysis of relationship between serum 25-OH-vitamin D and cystic fibrosis

0.04, 0.68) and 63% (95% CI 0.57, 0.69), respectively, with
significant heterogeneity noted among the included stud-
ies (7=98.11%, P<0.001; and *=98.14%, P<0.001; for
pediatrics/adolescences and adults). The pooled preva-
lence of vitamin D <20 ng/ml was 27% (95% CI 0.09, 0.45)
in pediatrics/adolescences and 35% (95% CI 0.13, 0.57)
in adults with cystic fibrosis (*=95.42%, P<0.001; and
I=98.16%, P<0.001, respectively, for pediatrics/adoles-
cences and adults) (Fig. 3).

Sensitivity analysis

The leave-one-out method was applied to assess the
influence of each individual study on the pooled effect
size. The findings remained robust after sequential elimi-
nation of studies (Additional file 1: Fig. S1).

Publication bias

The visual inspection of funnel plot revealed some
evidence of publication bias regarding the associa-
tion between serum vitamin D deficiency and insuffi-
ciency and cystic fibrosis. However, the Egger’s test also
showed no evidence of bias for case—control (P=0.59)

or cross-sectional studies (P=0.82) (Additional file 1:
Fig. S2). Also, meta trim-and-fill analysis did not identify
a study responsible for the publication bias (Table 3).

Discussion
It is well recognized that vitamin D deficiency and insuf-
ficiency are common in the general population and sig-
nificantly more prevalent among CF patients [41]. Both
the Cystic Fibrosis Foundation’s and the Endocrine Soci-
ety’s guidelines recommend 25(OH)D levels above 30
ng/ml [8, 42]. In the current meta-analysis, CF patients
had significantly lower levels of vitamin D in comparison
with healthy controls in both childhood/adolescence and
adulthood. We also found that the prevalence of vitamin
D levels of 20-30 ng/ml in CF patients was 36% among
pediatrics/adolescents and 63% among adults. In addi-
tion, 27% of pediatric/adolescent CF patients and 35% of
adult CF patients had vitamin D levels of below 20 ng/ml.
These results were similar to the findings of Thursfield
et al. who reported that 36% of the population of children
and adults had vitamin D deficiency (< 50 nmol/L).
Guidelines for treating vitamin D deficiency have
been published by the Cystic Fibrosis Foundation, which
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A) vitamin D deficiency and insufficiency (%)
%

Study ES (95% Cl) Weight
<20 ngl/mL. i
Adela Chirita-Emandi (2017) —— 0.39(0.30,049)  8.35
SUMITA GUPTA (2017) —I+ 0.23(0.14,0.36)  8.29
SUMITA GUPTA (2017) ! —a— 0.71(0.58,0.82)  8.26
Laura A. McCauley (2013) -— 0.04 (0.01, 0.18) 8.44
Laura A. McCauley (2013) - | 0.11(0.05,023) 839
Laura A. McCauley (2013) - | 0.14(0.07,0.26)  8.37
Subtotal (12 = 95.42%, p = 0.00) <> 0.27 (0.09, 0.45)  50.09

i
20-30 ng/ml i
Sarah Gunnell Bellini (2021) -t 0.23(0.15,0.33)  8.37
Danish Abdul Aziz (2021) —-— 0.32(0.22,0.44) 831
Vijaylaxmi Grey (2015) i —& 093(0.85097) 847
Laura A. McCauley (2013) - 0.11(0.04,027) 829
Laura A. McCauley (2013) + 0.32(0.20,0.46)  8.21
Laura A. McCauley (2013) —-— 0.27(0.17,0.41)  8.26
Subtotal (12 = 98.42%, p = 0.00) _ — 0.36(0.04,0.68)  49.91

]
i
Heterogeneity between groups: p = 0.402 1

Overall ("2 = 98.11%, p = 0.00); 0.32(0.12,0.51)  100.00
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B) vitamin D deficiency and insufficiency (%)
%
Study ES (95% Cl) Weight
'
<20 nglimL i
Jessica Cemlyn-Jones (2008) —— i 0.18 (0.07, 0.39) 10.58
S. L. Elkin (2001) i —  083(0.74,0.89) 11.25
S. L. Elkin (2001) _.,:_ 0.38(0.29, 0.47) 1113
CATHERINE M. GORDON (2007) —— 0.39 (0.28, 0.51) 10.95
C 'S Haworth (1999) —.%— 0.38 (0.30, 0.46) 11.21
C 'S Haworth (1999) - | 022 (0.16, 0.29) 11.27
C S Haworth (1999) - i 0.07 (0.04,0.13) 11.37
Subtotal (12 = 98.16%, p = 0.00) > 035(0.13,057) 7775
i
i
20-30 ng/ml |
Coriati A (2015) 3 - 0.58 (0.51, 0.65) 11.25
IOANA MIHAIELA CIUCA (2019) ! —— 0.74 (0.62, 0.84) 11.00
Subtotal (1"2=.%, p=) 3 < 0.63 (0.57, 0.69) 2225
i
Heterogeneity between groups: p = 0.016 1
Overall ("2 = 98.14%, p = 0.00); <> 0.42 (023, 0.61) 100.00
i
I
i
1

T T T T
25 5 75 1
Prevalence

Fig. 3 This figure shows the pooled estimate of the prevalence of vitamin D deficiency and insufficiency in A pediatrics and adolescents and B

adults with cystic fibrosis patients

Table 3 Results of meta-analysis

WMD 95% Cl 12
Pediatrics/adolescents group -341 -502t0—-1.80 17.8%
Adults group - 260 -432t0-0.89 0.0%

Results of cross-sectional studies meta-analysis

Vitamin D levels of 20-30 ng/ml

Vitamin D levels <20 ng/m

Prevalence 95% Cl Prevalence 95% ClI P
Pediatrics/adolescents 036 0.04t0 0.68 98.11% 0.27 0.09to 0.45 95.42%
group
Adults group 0.63 0.57 t0 0.69 98.14% 0.35 0.13t0 0.57 98.16%

recommends serum levels of 25-hydroxyvitamin D of at
least 30 ng/ml. The recommendations give age-specific
rising dose regimes with monitoring at 12-week inter-
vals after switching therapies. They discuss the research
on appropriate formulations (cholecalciferol rather than
ergocalciferol) and vehicles of administration, as well as
alternative vitamin D sources like UV lamps. Despite
these comprehensive recommendations patients are still
deficient [43].

Rovner et al. [5] found a 20% increase in vitamin D
insufficiency in children, adolescents, and young adults
with CF who were receiving regular treatment with pan-
creatic enzyme replacement and vitamin D supplemen-
tation. The study also used a healthy reference group
whose ethnicity and latitude of residence were similar to

those of the CF group and adjusted for seasonal fluctua-
tions. Since seasonal variation in serum vitamin D lev-
els is well recognized, comparing the degree of vitamin
D insufficiency in the CF population with controls can
be challenging [44]. Many studies do not standardize or
take seasonal variation into account. Acute changes in
25-hydroxyvitamin D levels can also result from pancre-
atic enzyme compliance and vitamin D supplementation
regimens employing ergocalciferol (D2) or cholecalciferol
(D3).

Compared to the general population, some factors
can worsen vitamin D insufficiency in people with CF.
Pancreatic insufficiency causes fat malabsorption in CF
patients. Absorption may be reduced even with pan-
creatic enzyme supplementation [45] and poor diet and
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noncompliance with medication. Sunlight exposure was
the most accurate predictor of vitamin D deficiency
before lung exacerbation, according to one study [46];
however, some individuals with CF should stay out of the
sun since their use of antibiotics causes photosensitivity
[47]. On the other hand, many CF patients are under-
weight, their bodies may not keep as much vitamin D
as persons with healthy body weight [47]. Furthermore,
inadequate vitamin D 25-hydroxylation in the liver and
rapid enterohepatic dumping might reduce total vitamin
D storage [45, 48]. Due to lower amounts of vitamin D
binding protein, the primary carrier in circulation, and
aid in recovering 25-hydroxyvitamin D discharged in
urine, patients with CF may have impaired vitamin D
storage [49]. Additionally, exposure to glucocorticoids,
rifampin, and isoniazid may cause patients with CF to
catabolize vitamin D more quickly [50, 51].

Clinical studies and in vitro research have provided
compelling evidence that vitamin D may be crucial to the
innate immune system. The antimicrobial response to
bacterial toll-like receptor activation in cultured human
macrophages was initially documented by Liu et al. [12].
The results of subsequent human research showed that
vitamin D administration increased the local mRNA
expression of cathelicidin in peripheral blood mono-
cytes but not the levels of circulating LL-37 (a cathelici-
din cleaved product) [52]. Cathelicidin mRNA expression
is elevated in cultured bronchial epithelial cells with the
CFTR mutation F508 in response to vitamin D therapy
[53]. Furthermore, Schogler et al. [54] showed that pri-
mary bronchial epithelial cells isolated from CF patients
had higher cathelicidin mRNA expression when exposed
to vitamin D. They did not observe changes in the cir-
culating protein concentrations of LL-37 in response to
vitamin D in the investigation of CF patients experienc-
ing acute pulmonary exacerbation. The use of antibiotics
during pulmonary exacerbation may interfere with the
vitamin D’s ability to induce LL-37, which could account
for the absence of alterations observed in response to
vitamin D in circulation [55]. Another option is that
LL-37 interacts with host-derived glycosaminoglycan,
neutrophil extracellular trap DNA, and anionic bacterial
compounds such endotoxin (LPS) and capsular polysac-
charides [56—59]. Particularly during pulmonary exacer-
bations, the CF host’s high quantity of bacterial-derived
anionic molecules inhibits LL-37 action and may lower
plasma LL-37 concentrations. Additionally, the choice
to begin IV antibiotics by clinicians during an acute pul-
monary exacerbation is not well standardized, which
may have had an impact on their results [60]. In addition,
even receiving IV antibiotics, 25-50% CF patients do
not regain their baseline lung function [61, 62]. Another
explanation for the absence of alterations could be that it
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was not possible to determine any potential local changes
in lung LL-37 concentrations. It may be possible to deter-
mine whether vitamin D improves these local cellular
responses by looking at the local mRNA expression of
cathelicidin in peripheral blood monocytes or in mono-
cytes and epithelial cells isolated from bronchial alveolar
lavage.

VD deficiency in CF patients is associated with several
complications?. Insufficient vitamin D causes associ-
ated with calcium malabsorption, resulting in secondary
hyperparathyroidism. Increased parathyroid hormone
levels result in calcium resorption from bone, which
weakens bones, causes skeletal losses, and accelerates
the onset of osteoporosis [63]. CF patients have low
bone mineral density and a relatively high fracture preva-
lence rate of 20%, which may be related to the high rates
of vitamin D insufficiency [64]. Low vitamin D levels in
patients without CF are linked to a higher risk of devel-
oping cancer, autoimmune disorders, infections, and car-
diovascular disease [63, 65-67].

The CF population’s ability to maintain lung function
may be helped by vitamin D [68]. The forced expiratory
volume in one second (FEV1) and forced vital capac-
ity (FVC), which measure lung function, showed a sig-
nificant connection with vitamin D status in the Third
National Health and Nutrition Examination Survey
(NHANES III) [69]. In a retrospective cohort, patients
with CF showed a positive correlation between vita-
min D levels and FEV1 [6]. Higher vitamin D levels are
associated with Hetterlung function and lower rates
of pulmonary exacerbation, according to several stud-
ies on CF populations [6, 70-72]. Based on research on
CF and other chronic lung diseases, vitamin D may pro-
tect lung function through enhanced airway remodeling
in response to injury, lower airway inflammation, and
reduced airway bacterial colonization [68].

Patients with CF are more likely to develop lung infec-
tions, frequently requiring intravenous antibiotic ther-
apy hospitalization. The innate immune system can be
strengthened by vitamin D by upregulating antimicrobial
peptides like human cathelicidin (hCAP18 or its cleaved
protein LL-37) [12]. Toll-like receptors on alveolar mac-
rophages can bind to invasive bacteria, which causes an
upregulation of the 1-hydroxylase and increased pro-
duction of the 1,25(OH)2D and the vitamin D receptor
(VDR) [73]. To eradicate the infection caused by the inva-
sive bacteria, the locally generated 1,25(OH)2D can pro-
mote the expression of cathelicidin by macrophages and
monocytes [12, 73]. In CF, locally produced 1,25(OH)2D
may increase LL-37 airway concentrations, prevent-
ing bacteria like Pseudomonas aeruginosa and Borde-
tella bronchiseptica from colonizing the airways [53].
Additionally, vitamin D can inhibit the production of
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pro-inflammatory cytokines by macrophages, which may
potentially lessen inflammation in the CF airway [74].
Moreover, vitamin D may have favorable effects on the
development of reactive nitrogen and oxygen intermedi-
ates and the stimulation of autophagy to assist in remov-
ing infections [75].

By the time they reach adulthood, up to half of those
with cystic fibrosis (CF) also have diabetes. The main
cause of CF-related diabetes (CFRD) is pancreatic dys-
function, which results in inadequate insulin release and/
or insulin resistance. Peng et al. found that CF adults with
vitamin D deficiency are at an increased risk of develop-
ing CFRD and its earlier onset. They found that main-
taining serum levels of 25(OH)D above 20 ng/mL may
diminish the risk of CF progression to CFRD [76].

It is nevertheless frequent for CF patients to expe-
rience pulmonary exacerbations, which are linked to
higher mortality and deterioration of lung function [77].
Previous intravenous (IV) antibiotic therapy within the
last year, the length of prior IV therapy, previous hospi-
talization, usage of inhaled aminoglycosides, leukotriene
modifiers, and high-dose ibuprofen are all factors linked
to a CF pulmonary exacerbation [78]. In both adults and
children with CF, nutritional issues like a lack of vitamins
A, E, and D have been linked to an increased risk of pul-
monary exacerbation [15, 72, 79]. Early research revealed
that vitamin D may have a positive effect on lung func-
tion, inflammatory markers, and innate immunity [14—
16, 54]. In previous studies, oral treatment of 250,000 IU
vitamin D3 increased 1-year survival and reduced blood
levels of the pro-inflammatory cytokines, (tumor necro-
sis factor) TNF, and IL-6, with trends toward improve-
ments in hospital-free days and lung function (FEV1%)
as compared to placebo [14, 16]. However, despite the
mentioned complications, a meta-analysis by Juhasz et al.
on randomized controlled trials (RCTs) showed that CF
patients receiving vitamin D supplementation compared
with those who did not get supplementation had no sig-
nificant difference in the incidence of progressive out-
comes [80].

The limitation of our results includes: the low limited
number of eligible studies in our meta-analysis. We could
not consider confounding factors, including ethnicity and
season of vitamin D levels measurement. Another limi-
tation was the high heterogeneity among the included
cross-sectional studies.

In conclusion, our results show that CF patients have
lower vitamin D levels compared to healthy controls dur-
ing childhood/adolescence and adulthood. Vitamin D
deficiency in these patients can potentially lead to sev-
eral complications; therefore, following the guidelines
on serum vitamin D levels is critical. Further research
is required to determine the prevalence of vitamin D
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deficiency among CF patients and to improve on the cur-
rent treatment regimens to maintain serum targets and
prevent potential complications.
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