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Abstract

Objective: To determine and compare the effect of vitamin D3 supplementa-
tion on modifying the disease severity in cystic fibrosis (CF) and non-CF
bronchiectasis pediatric patients. Methods: A randomized clinical trial eva-
luating the role of oral vitamin D3 supplementation for six months, was per-
formed in forty patients with CF and non-CF bronchiectasis under the age of
18 years with vitamin D deficiency or insufficiency. The primary outcome
was to reach the sufficient Vitamin D level, the secondary outcome was to
reevaluate bronchiectasis severity by following up the frequency, severity of
pulmonary exacerbations and lung function after vitamin D3 supplementa-
tion. Results: Forty patients completed the trial. The percentage of improve-
ment of vitamin D level after vitamin D3 supplementation for six months was
significantly higher in CF (88.3%) than non-CF bronchiectasis patients
(59.82%) (P = 0.03). Additionally, moderate to severe pulmonary exacerba-
tions significantly decreased by more than 60%, 45% (P = 0.001, 0.005) and
frequent exacerbations decreased by 15%, 10% (P = 0.327, 0.490), while the
forced expiratory volume in 1 (FEV1) significantly increased by 17% and 15%
in non CF bronchiectasis and CF patients respectively (p < 0.001). Conclu-
sions: Vitamin D3 therapy was effective in decreasing the frequency and se-
verity of pulmonary exacerbations and preserving lung function. Thereby,
improving the disease severity even more in non-CF bronchiectasis than CF
patients.
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1. Introduction

Bronchiectasis is a chronic inflammatory respiratory disorder characterized by
bronchial dilatation, and symptoms of productive cough, dyspnea and repeated
respiratory infections requiring multiple courses of antibiotics [1]. Nowadays,
bronchiectasis is classified as either related or unrelated to cystic fibrosis (CF),
with the latter defined as non-CF bronchiectasis [2].

Vitamin D deficiency occurs commonly in patients with CF [3] & non-CF
bronchiectasis. In these patients, vitamin D deficiency can be caused by multiple
factors including pancreatic exocrine insufficiency, lack of sunlight exposure and
decreased vitamin D-binding protein [3]. In addition, reduced outdoor physical
activity which is a common consequence of chronic lung diseases, can lead to
reduced exposure to sunlight and therefore vitamin-D deficiency [4].

Vitamin D down-regulates cytokines and chemokines that promote tissue de-
struction, that are found in abundance in CF and non-CF bronchiectatic lungs
[5] [6]. It was shown that CF respiratory epithelial cells and macrophages incu-
bated with 1.25(OH)2D showed a significant down-regulation in the neutrophil
attracting chemokine, IL-8 [7],

The anti-inflammatory activity of vitamin D may originate from the en-
hancement of anti-inflammatory/regulatory cytokines secretion, such as IL-10
[8]. Vitamin D, as it was aforementioned, may have anti-infective and an-
ti-inflammatory properties and therefore may play some role in the pathogenesis
of bronchiectasis [9].

Vitamin D may preserve lung function depending on several studies in cystic
fibrosis and other chronic lung diseases which include improved airway remode-
ling, decreased airway inflammation, and decreased airway bacterial coloniza-
tion [10]. In addition, vitamin D therapy may increase anti-microbial peptide
production and decrease pro-inflammatory cytokines which could result in im-

proved clinical outcomes [11].

2. Subjects and Methods
2.1. Study Design

This was a randomized clinical trial. The study was registered at

https://www.clinicaltrials.gov/ prior to inclusion of the patients in the study

(NCT04411901), comparing the role of vitamin D3 therapy in pediatric patients
with CF and non-CF bronchiectasis who were vitamin D deficient or insuffi-
cient. The patients’ groups received maximum therapeutic dose of cholecalcife-
rol (D3) orally daily for complete six months. All CF patients continued receiv-
ing their ordinary multivitamins supplementation unchanged apart from vita-
min D. The study was open-label and consisted of six months of supplementa-
tion followed by two months of washout. The trial has been conducted at the
children’s Hospital, Ain Shams University hospitals located in Cairo (Egypt)
during the interval from July 2018 to February 2019.
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The study was approved by the Research Ehical committee, faculty of medi-
cine, Ain Shams University. All patients were welcomed to share in the study
and informed consents were obtained from the parents and the patients older
than 8 years before the inclusion within the study. A summary of the overall
study design is presented in (Figure 1).

Enrollment I
Assessed for eligibility (n = 50)

Excluded (n = 10)
* Not meeting inclusion criteria (n = 6)
* Declined to participate (n = 4)

Randomized (n = 40)

\ 4 \4
{ Allocation }
CF patients allocated to therapeutic vitamin Non CF bronchiectasis patients allocated to the
D3 for six months (n = 20) rapeutic vitamin D3 for six months (n = 20)
* Received allocated intervention (n = 20) * Received allocated intervention (n = 20)
« Did not receive allocated intervention (n = 0) « Did not receive allocated intervention (n = 0)
\ 4 { Follow-Up } 4
Lost to follow-up (n = 0) Lost to follow-up (n = 0)
Discontinued intervention (n = 0) Discontinued intervention (n = 0)
( Analysis ]

Analysed (n = 20)

The primary outcome: to reach the sufficient
Vitamin D level.

The secondary outcome was to follow up the
frequency of pulmonary exacerbations and lung

function after vitamin D3 supplementation.

* Excluded from analysis (n = 0)

Analysed (n = 20)

The primary outcome: to reach the sufficient
Vitamin D level.

The secondary outcome was to follow up the
frequency of pulmonary exacerbations and lung

function after vitamin D3 supplementation.

» Excluded from analysis (n = 0)

Figure 1. CONSORT diagram showing the flow of patients through each stage of the study.
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2.2. Patient Selection

Fifty patients were screened and forty patients {Twenty non CF bronchiectasis
patients (group A) and twenty CF patients (group B)} who were following in
Chest Clinic at Children’s Hospital were enrolled in the study. Eligibility criteria
included 1) ages less than 18 years, 2) Patients with documented diagnosis of CF
(by the presence of a twice positive sweat chloride test and or paired known CF
genetic mutations) [12], 3) Patients with non-CF bronchiectasis diagnosed clin-
ically and radiologically with a clinical history consistent with bronchiectasis,
high resolution computerized tomography (HRCT) of the lungs-confirmed di-
agnosis and negative sweat chloride test. The clinical suspicion of bronchietasis
in children is performed according to the Thoracic Society of Australia and New
Zealand guidelines, the prerequisites for diagnosis include: 1) persistent wet
cough not responding to four weeks of antibiotics; 2) more than three episodes
of wet cough per year responding to antibiotics and lasting more than four
weeks; or 3) a persisting for more than six weeks chest radiograph abnormality
despite the appropriate treatment [13], 4) Vitamin D deficient or insufficient CF
and non-CF bronchiectasis patients. The patients are excluded if that they had 1)
sufficient Vitamin D level, 2) chronic lung diseases aside from CF and non-CF
bronchiectasis, 3) liver or renal diseases or 4) reported taking vitamin-D sup-

plements or steroid therapy within the last 6 weeks.

2.3. Measurements

After consent was obtained, detailed history and baseline data about the patients
were collected. Additionally, a therapeutic history including any vitamin D sup-
plements was obtained. Clinical data including sex, age, height, weight, body
mass index, pulmonary function testing results using standardized spirometry
(just for cooperative patients older than six years) and radiological investigations
(chest X-ray, HRCT using Bhalla score) at the baseline and throughout the pul-
monary exacerbations were obtained. Basal serum vitamin D level was also rec-
orded.

Lung function was measured by forced expiratory volume in 1 s (FEVI),
forced vital capacity (FVC) and FEV1/FVC. FVC and FEV1 measurements were
reported as percent of predicted values. All pulmonary function tests were per-
formed and interpreted consistent with the American Thoracic Society (ATS)/
European Respiratory Society (ERS) standards [14] [15].

Frequency and severity of pulmonary exacerbations were recorded at the first
visit using the medical records and self recording of the patients with a special
stress on the frequency, severity, duration and antibiotics taken during each ex-
acerbation within the previous 12 months. A pulmonary exacerbation was de-
fined as a deterioration of three or more of the followings, Cough, Sputum vo-
lume/consistency, breathlessness/exercise intolerance, fatigue/malaise and he-
moptysisas recommended by modified Fuchs criteria and BTS bronchiectasis
guidelines [16] [17].
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A mild-to-moderate exacerbation was further defined as: 1 to 2 signs or
symptoms present or that the symptom severity is mild. Severe exacerbations
were defined as emergency department visits for exacerbations, need for ICU
admission, acute respiratory failure, exacerbated chronic respiratory failure or
significant decline of So2 or respiratory functions [17] [18].

Frequent exacerbations were defined as more than 3 exacerbations per annum
[19].

2.4. Description of Study Procedures

Twenty CF and twenty non-CF bronchiectasis patients with vitamin D deficien-
cy or insufficiency were assigned to receive the utmost therapeutic dose of vita-
min D3 (cholecalciferol). The vitamin D3 therapy included oral daily doses
which were consistent with age (2000 IU for infants up to 1 year, 4000 IU for
children aged 1 - 10 years, and 10,000 IU for those aged from 10 - 17 years) [20].
Additionally, 60 mg per kg of calcium supplement was administrated to decrease
the risk of hypocalcemia for all patients and pancreatic enzyme replacement
therapy (PERT) was given for the CF patients for a complete six months.

An assay of Serum Vitamin D 25(OH)D was done 4 weeks after the comple-
tion of six months of vitamin D3 and calcium treatment. Then the Patients were
observed for the upcoming pulmonary exacerbations and lung function post vi-

tamin D3 supplementation.

2.5. Assay of Serum Vitamin D

Three ml of venous blood were collected from each patient under aseptic condi-
tions. Serum was separated and vitamin D was measured spectrophotometrically
at a wavelength of 450 nm using Human25_dihydroxy vitamin D (25-OH-D)
ELISA Kit [21]. Vitamin D sufficiency was defined as 25(OH)D = 30 ng/mL, Vi-
tamin D insufficiency as 25(OH)D between 21 and 29 ng/mL and Vitamin D de-
ficiency as 25(OH)D < 20 ng/ml [22].

2.6. Statistical Analysis

Data were analyzed statistically in terms of mean * standard deviation (+ SD),
and range, or frequencies and percentages and P-values less than 0.05 was con-
sidered statistically significant while P less than 0.01was considered highly sig-
nificant. All statistical calculations were done using computer programs SPSS
(Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) version
15 for Microsoft Windows. With a total of forty patients (Twenty CF patients
and twenty non-CF bronchiectasis patients), there is 80% power to compare the
effect of vitamin D3 therapy on bronchiectasis severity between both groups of

patients using 0.05 significance level.

3. Results

The forty studied patients received vitamin D3 for six months followed by two
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months wash-out. No significant adverse effects were recorded. Baseline charac-

teristics and statistical analysis were done for the 40 patients who completed the

study visits and had follow-up laboratory and clinical assessments.

The basic demographic, anthropometric and radiological data of the studied

patients are presented in Table 1. Where, there was a statistically significant dif-

ference between CF patients (group B) and non CF bronchiectasis patients

(group A) as regard mean age, weight & height which were lower among CF pa-

tients than non-CF bronchiectasis patients (p = 0.016, 0.016, 0.007) respectively.

Table 1. Comparison between non-CF bronchiectasis patients and CF patients according

to demographic, anthropometric and radiological data.

Demographic and

anthropometric data

Sex

Age (years)

Weight (kgs)

Weight Z score

Height (cm)

Height Z score

BMI

BMI Z score

Bhalla scoring

Male

Female

Mean + SD

Range

Mean + SD

Range

Mean + SD

Range

Mean + SD

Range

Mean + SD

Range

Mean + SD

Range

Mean + SD

Range

Mild (%)

Moderate (%)

Severe (%)

Group A

No. =20

11 (55.0%)

9 (45.0%)

9.35+4.49

3-17

27.12 +14.48

9.3-56

0.05 + 0.82

-1.11 - 1.52

124.20 + 26.42

88 - 160

0.19 £ 0.86

-1.4-1.46

16.25 +2.96

12.48 - 24.89

-0.29 £ 0.62

-1.61 - 0.62

10 (50.0%)

7 (35.0%)

3 (15.0%)

Group B

No. =20

15 (75.0%)

5 (25.0%)

5.35+£4.02

1-15

16.48 +8.20

8.5-38

-0.48 £ 0.70

-1.15-1.35

98.05 +26.57

65 - 144

—-0.57 £ 0.96

-1.76 - 1.09

16.11 +1.32

12.35-22

—-0.04 £ 1.07

-1.67 - 1.15

12 (60.0%)

7 (35.0%)

1 (5.0%)

Test value

3.840

4.440

8.322

4.619

9.856

5.795

1.603

1.490

1.182

P-value

0.147

0.016

0.016

0.014

0.007

0.005

0.449

0.234

0.553

Group A: Non-CF bronchiectasis patients; Group B: CF bronchiectasis patients.

DOI: 10.4236/0jped.2020.103053

526

Open Journal of Pediatrics


https://doi.org/10.4236/ojped.2020.103053

H.A. Aliet al.

Vitamin D level in CF and non-CF bronchiectasis after vitamin D3 supple-
mentation:

There was a highly statistically significant improvement in both groups as re-
gard the vitamin D level after supplementation (P-value < 0.001) (as shown in
Table 2). In addition, the percentage of improvement of vitamin D level was
significantly higher in group B (CF patients) (88.3%) than in group A (non-CF
patients) (59.82%) after vitamin D3 supplementation for six months (P-value =
0.030) (Figure 2).

Table 2. Serum vitamin D level after Vitamin D3 supplementation in both CF and
non-CF bronchiectasis groups.

Group A Group B
Test valuee P-value
No. =20 No. =20
Vitamin D level before  Mean £ SD 22.72 £7.20 21.22 +6.80
lementati 11.05  <0.001
suppiementation Range 11-29 10-29
Vitamin D level after  Mean £ SD 33.40 +7.92 36.30 + 11.09
) . 0.397 0.674
supplementation Range 25-55 23 .69
Paired t-test P-value <0.001 <0.001
59.82 88.3
Median (IQR) 333 gr57) (728 - 113.94
% of improvement (33.3 - 82.57) 8-1399 51642 0030
Range 10 - 160 4.55 - 200

. One Way ANOVA test; Z Mann-Whitney test; Group A: non-CF bronchiectasis patients; Group B: CF
bronchiectasis patients.

200.00+

150.00+

100.001

% of improvement

50.00

0.004

T T
Group A Group B

Figure 2. Shows a higher percentage of improvement in serum vitamin D in CF than in
non-CF bronchiectasis patients after vitamin D3 supplementation.
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Pulmonary exacerbations and vitamin D supplementation:

As presented in (Table 3 & Table 4), there was a highly statistically significant
difference in the severity of pulmonary exacerbations in both non CF bron-
chiectasis and CF groups after vitamin D3 supplementation (P = 0.001, 0.005)
respectively where moderate to severe exacerbations significantly decreased in
non-CF bronchiectasis patients (60%) which was higher than among CF patients
(45%).

Table 3. The effect of vitamin D3 supplementation on the severity of pulmonary exacer-
bations in CF & non-CF bronchiectasis groups.

Group A Group B
Exacerbations severity Test value* P-value
No. % No. %
Absent 0 0.0% 0 0.0%
1 0, 0
Before vitamin D Mild 3 15.0% 4 20.0%
) tati 2.613 0.271
Supplementation  yr, gerate 11 55.0% 6 30.0%
Severe 6 30.0% 10 50.0%
Absent 2 10.0% 3 15.0%
1 0, 0
After vitamin D Mild 13 65.0% 10 50.0%
) tati 1.682 0.641
suppiementation -y 1o derate 5 25.0% 6 30.0%
Severe 0 0.0% 1 5.0%
Test value 16.500 12.935
P-value 0.001 0.005

*: Chi-square test.

Table 4. The frequency of pulmonary exacerbations in both groups before & after vita-
min D3 supplementation.

Group A Group B
Frequency of exacerbations Test value* P-value
No. =20 No. =20
Before supplementation
Less than 3 times 11 (55.0%) 13 (65.0%)
0.417 0.518
More than 3 times 9 (45.0%) 7 (35.0%)
After supplementation
Less than 3 times 14 (70%) 15 (75%)
0.125 0.724
More than 3 times 6 (30%) 5(25%)
Test Value 0.960 0.476
P-Value 0.327 0.490

*: Chi-square test.
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In addition, frequent pulmonary exacerbations in non-CF bronchiectasis and
CF patients decreased after vitamin D3 supplementation by 15%, 10% respec-
tively, although the difference was statistically non-significant (P = 0.327, 0.490).

Lung functions and vitamin D supplementation:

As shown in (Table 5), There was a highly statistically significant improve-
ment in FEV1 in both groups after vitamin D3 supplementation where the de-
gree of improvement in FEV1) after vitamin D supplementation was 17%, 15%

in non-CF bronchiectasis and cystic fibrosis respectively (P-value < 0.001).

4. Discussion

To our knowledge, this is the first study to determine and compare the effec-
tiveness of Vitamin D3 therapy in CF versus non-CF bronchiectasis pediatric
patients who were vitamin D deficient or insufficient. The primary endpoint was
to reach the therapeutic vitamin D level, secondary endpoints investigated the
effect of vitamin D3 therapy on the frequency and severity of pulmonary ex-
acerbations as well as lung function.

Cholecalciferol (vitamin D3) was chosen in our study because cholecalciferol
was superior to ergocalciferol (vitamin D2) in raising serum 25(OH)D concen-
trations with optimal absorption and sustained improvement as reported by
previous studies [20].

The current study showed that the mean age, weight and height were signifi-
cantly lower among CF patients than among non-CF bronchiectasis patients
(Table 1) which may be due to earlier median age of diagnosis of CF patients
which is 6 - 8 months; as two thirds of CF patients are diagnosed by 1 year of
age. While only one fifth of pediatric non-CF bronchiectasis cases are diagnosed

in the first year of life.

Table 5. Comparison between groups A & B as regard FEV1 results before and after vi-
tamin D3 supplementation.

Group A Group B
FEV1 Test value P-value
No.=15 No.=10
Mean + SD 69.54 +£9.53 75.38 £10.20
Before supplementation —-1.436¢ 0.163
Range 40 - 82 65 - 96
Mean + SD 80.85 £ 8.79 85.25+7.27
After supplementation -1.252«  0.222
Range 63 -102 78 - 100
Paired t-test -7.603 —-6.509
P-value <0.001 <0.001
16.75 15.16
Median (IQR) ¢ 63 23.13)  (7.56 - 18.96
% change (683-23.13)  (7.56-1896) 636 0525
Range 4-575 4.17 - 22.86
«: Independent t-test; & Mann-Whitney test.
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Our study has identified a significant relation between vitamin-D3 supple-
mentation and the improvement of bronchiectasis severity, unexpectedly, more
in non-CF bronchiectasis than in CF patients.

The current study found that the overall mean increase in 25(OH)D was
(16.15, 11.75) ng/mL and 15/20 (75%), 11/20 (55%), achieved a 25(OH)D con-
centration > 30 ng/mL in both CF and non-CF bronchiectasis patients respec-
tively (data not shown in the results). Therefore, the percentage of improvement
of vitamin D level after vitamin D supplementation for six months was signifi-
cantly higher in CF (88.3%) than non-CF bronchetasis patients (59.82%) (Table
2) which may be due to more adherence of the CF patients to treatment than the
non-CF bronchiectasis patients.

Our results go parallel with a recent study conducted by Bartely et al. [23] on
“32 adults with non-CF bronchiectasis received an initial 2.5 mg (100,000 IU)
vitamin D3 oral loading dose and 0.625 mg (25,000 IU) vitamin D3 weekly for
24 weeks, reported that the initial, average 25(OH)D level was 71 nmol/L (28.4
ng/ml) and Vitamin D3 supplementation significantly increased serum
25(OH)D levels (p < 0.001) in patients with non-CF bronchetasis, rising to 218
nmol/L (87.2 ng/ml) at 3 months and 205 nmol/L (82 ng/ml) at 6 months after
vitamin D3 supplementation”.

On the same hand, Simoneau et al [24] in “a randomized controlled trial
comparing 50,000 IU of ergocalciferol (vitamin D2) twice weekly for 8 weeks
versus 50,000 IU of cholecalciferol (vitamin D3) weekly in 47 patients with CF,
with pancreatic insufficiency, aged 6 - 21 years, reported that overall, 69% of pe-
diatric CF patients with vitamin D insufficiency who received high dose of vita-
min D2 for 12 weeks showed a significant increase in the 25(OH)D concentra-
tion and achieved the goal 25(OH)D concentration of greater than 30 ng/mL
versus 62% in those who received vitamin D3 (p = 0.65)”.

Also, our study has demonstrated a link between vitamin D3 supplementa-
tion, severity and frequency of pulmonary exacerbations where moderate to se-
vere exacerbations significantly decreased by (60%, 45%) in non-CF and CF pa-
tients respectively (P = 0.001, 0.005). Moreover, the frequent ones decreased by
15% and 10% in non-CF and CF patients (P = 0.327, 0.490) (Table 3).

Our findings were supported by McCauley et al [3] who reported that having
a higher serum 25-hydroxyvitamin D in children was protective of having a
pulmonary exacerbation. Similarly, several previous studies [9] [25] reported
that the high dose vitamin D3 therapy in CF patients rapidly improved vitamin
D status and was associated with improved re-hospitalization rates by pulmo-
nary exacerbations and lung function.

On the contrary, Bartely et al [23] found no significant association between
supplemented 25(OH)D levels and frequency or severity of exacerbations. His
explanation was that the study was not powered to detect effects on exacerbation
frequency.

In Both CF and non-CF bronchiectasis, vitamin D concentrations have been
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associated with lung function [10]. “The mechanisms by which vitamin D may
confer beneficial effects on lung function are unclear, but may be through induc-
tion of anti-microbial peptides such as human cathelicidin (LL-37) and be-
ta-defensins, improved anti-oxidant status, improved lung remodeling and de-
creased airway bacterial colonization” [9].

The current study assessed the change in, FEV1 (percent predicted) (Table 5),
FVC% of predicted and FEV1/FVC before and after vitamin D3 supplementa-
tion and it was found that there was a highly statistically significant improve-
ment in lung functions after vitamin D3 supplementation where FEV1, FEV1/
FVC increased by (17%, 13.6%) and (15%, 8.7%). While FVC increased by (11%,
14%) in CF and non-CF patients respectively (P-value < 0.001) (data not shown
in the results).

These results were consistent with the findings of previous studies [3] [26]
which have found an association between vitamin D deficiency and FEV1 in CF
patients and reported that higher vitamin D status in children and adults with
CF has been associated with better lung function assessed by (FEV1). In addi-
tion, Simoneau et al. [24] reported in his study that “there was a trend towards a
greater increase in FEV1 in pediatric CF patients receiving vitamin D3 than
those receiving vitamin D2 (2.4% versus 0.7%)”.

Similarly, several studies [10] [27] found that higher 25(OH)D concentrations
correlate with improved lung function in non-CF bronchiectasis. Furthermore,
“a recently conducted study [28] in adult CF patients reported that a bolus of vi-
tamin D instantly increased its concentration in serum, and significantly im-
proved lung functioning”.

To our knowledge, Our study is the first study to prove the improvement in
parameters of lung functions and not only FEV1 after vitamin D3 supplementa-
tion in both CF and non-CF pediatric bronchiectasis patients.

These findings are consistent with the results of the Third National Health
and Nutrition Examination Survey (NHANES III), where “there was a positive
correlation between vitamin D status and lung function as assessed by (FEV1)
and (FVC) [29] and patients with the highest vitamin D concentration had 126
ml higher (FEV1) and 173 ml higher (FVC), in comparison with patients with
significant hypovitaminosis D. The protective effect of vitamin D in the course
of chronic lung disease is mainly discerned in its anti-inflammatory and im-
mune modulatory properties [9]”.

Thus, the current study supports the hypothesis that bronchiectasis severity is
associated with low 25-hydroxyvitamin D (25(OH)D) levels [10] and that Vita-
min D therapy may enhance anti-microbial peptide production, decrease
pro-inflammatory cytokines and decrease colonization of airway pathogens
which precipitate the pulmonary exacerbations [9] which could result in im-
proved clinical outcomes [11].

Depending on our results, vitamin D3 supplementation could be a reasonable

cost-effective therapeutic approach for all patients with bronchiectasis. Addi-
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tionally, more concerted efforts should be undertaken to ensure that vitamin D

status is optimized in all patients with CF and non-CF bronchiectasis.

5. Study Limitations

This study has some limitations, first, the adherence data may be limited as it
was self reported by the studied patients. Second, the number of the studied pa-

tients may be small to generalize the results on all bronchiectasis patients.

6. Conclusion

We demonstrated the efficacy of therapeutic vitamin D3 in elevating the serum
vitamin D level to the sufficient level in CF and non-CF bronchiectasis patients
and concluded that elevated vitamin D level is associated with decreased fre-
quency and severity of pulmonary exacerbations and improvement of lung func-
tion in both groups of patients especially non-CF bronchiectasis patients.
Therefore, decreasing the disease severity. However, further future studies are
still needed to document the use of vitamin D3 as a therapeutic tool and deter-
mine the most effective dose (not only in CF but also in non-CF bronchiectasis

patients.
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