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Abstract
Background: The role of vitamin D and asthma in pulmonary function changes showed conflicting result.

Objective: To evaluate if vitamin D treatment would improve lung function assessed by forced oscillation technique
(FOT) in vitamin D deficient asthmatic children.

Methods: A randomized double-blind placebo-controlled trial was performed in children, aged 3-18 years with well
controlled asthma. Serum total 25(OH)D and FOT parameters including respiratory resistance at 5 Hz (R5), at 20 Hz
(R20), respiratory reactance at 5 Hz (X5) and area of reactance (ALX), resonance frequency (Fres) were evaluated at
baseline, 1 month and 3 months. Vitamin D deficient patients (serum total 25(OH)D < 20 ng/ml) were randomized to
receive treatment with vitamin D2 (tVDD) or placebo (pVDD). Non-vitamin D deficient patients (nVDD) received
placebo as a control group.

Results: A total of 84 children were recruited, 43 patients in nVDD group, 20 in tVDD group and 21 in pVDD group.
There were no significant differences in age, sex, height and weight among groups. There were no significant differ-
ences of FOT parameters among groups at all visits. There was a trend toward decrease in R5/R20 from baseline to 1
month and 3 months visit in all groups, but the statistically significant improvement was observed only in nVDD group.
Serum 25(OH)D showed no correlation with % predicted of FOT measures.

Conclusion: Vitamin D treatment in asthmatic children who had vitamin D deficiency may have no short term beneficial
effect on pulmonary function assessed by FOT. Vitamin D supplementation in all asthmatic patient needs further study.
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Introduction

Asthmatic patients who have low serum 25(OH)D have
been shown to have airway hyperresponsiveness, impaired
lung function, increased exacerbation and reduced corticoste-
roid responsiveness.'” Nonetheless, the effect of vitamin D sup-
plement in asthma patients showed inconsistent results. Some
studies reported no beneficial effect of vitamin D supplement
on level of asthma control and changes in spirometer parame-
ters.*” A recent meta-analysis has demonstrated that vitamin D

supplementation in mild to moderate asthma protected against
severe asthma attacks.® A cross-sectional study in Thai asth-
matic children reported no significant correlations between
serum vitamin D and spirometer parameters.” The possible
explanation for the inconsistent association of vitamin D sta-
tus with pulmonary function may be that the assessment with
spirometry was not sensitive enough to measure small airway
change in asthma.® Recently, the Forced Oscillation Technique
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(FOT) has been introduced, it is a simple, noninvasive tech-
nique performed during tidal breathing that is easy to apply
and less cooperate with the patient. FOT measures the respira-
tory system resistance and lung reactance.” FOT measurement
was suggested to be more sensitive than spirometry in detect-
ing subtle changes of lung function in children.’® This study
was aimed to evaluate changes in FOT parameters after vita-
min D treatment in vitamin D deficiency asthmatic children
compared with placebo.

Methods
Participants

Eligible participants were asthmatic children aged 3-18
years who had controlled asthma according to GINA guideline
for a least 1 month. Diagnosis of asthma was made based on

A

GINA 2016. Exclusion criteria included: chronic diseases, e.g.
chronic renal failure, chronic liver disease, chronic respiratory
disease; malabsorption; having lower respiratory tract infec-
tion within 4 weeks; oral medications interfering with vitamin
D metabolism; or serum total 25(OH)D less than 10 ng/ml.

Study Design and Treatment

The study was a randomized, double-masked, parallel
group trial (Figure 1) from March 2017 through March 2018.
Children who met the inclusion criteria were collected demo-
graphic data, complete blood count, serum total 25(OH)D,
skin prick test, and FOT parameters at baseline. Patients with
vitamin D deficiency (VDD) defined as serum total 25(OH)D
< 20 ng/ml were randomly assigned to either placebo or
vitamin D2 (the British Dispensary (L.P.) Co., Ltd., Bangkok,
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Figure 1. Study protocol (A) and participant flow of enrolled children (B).
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Thailand) as follow: body weight < 30 kg.: vitamin D2 300,000
IU divided in 5 days in the first visit then a maintenance dose
of 20,000 IU every 2 weeks started at 1-month visit, body
weight > 30 kg: vitamin D2 600,000 IU divided in 5 days in
the first visit then a maintenance dose of 20,000 IU every
week started at 1-month visit. Children who had non-vita-
min D deficiency (nVDD) patients defined as the serum total
25(0OH)D 2= 20 ng/ml received placebo as the control group.
The definition of vitamin D deficiency (VDD) was based on
Endocrine Society Practice Guideline on Vitamin D.!' The
placebo vitamin D soft gelatin capsules matched in appear-
ance those containing vitamin D2 were obtained from the
British Dispensary (L.P.) Co., Ltd, Bangkok, Thailand. Ran-
domization was done using the box of four. Blinding was done
by putting the code for each group. All investigators except
for one research nurse (WJ) were blinded to the patient’s
vitamin D status and randomization. W] was responsible for
dispending vitamin D2 or placebo to the patients. FOT pa-
rameters and level of asthma control were recorded at base-
line, 1-month and 3-month visit. Study protocol was shown
in Figure 1A. The study was approved by the institutional
ethics committee (Protocol number ID 01-60-09). Written
informed consent was obtained from parents and children.
This clinical trial was registered at Thai Clinical Trials Registry
(No. TCTR20170422001).

Level of asthma control

Level of asthma control was evaluated by pediatric asthma
control test (P-ACT) for patients aged 4-11 years'? or the asth-
ma control test (ACT) for patients aged 12— 15 years. P-ACT/
ACT score > 20 was defined as well controlled.'>**

Forced Oscillation Technique Measurement

Forced Oscillation Technique was performed using Most-
Graph-02 (Chest M.I., Co Ltd, Tokyo, Japan). Children were
asked to breathe through a mouthpiece that incorporated to
a bacterial filter. The regular tidal breathing was performed
with a nose-clip while the technician supported the cheeks
and lower jaw. During the measurement, the flow signal
was monitored for the signs of glottis closure and air leak-
age. FOT was performed during spontaneous tidal breathing.
During data acquisition, pressure and flow traces were graph-
ically displayed in real time. The measurements began auto-
matically after two consecutive stable respirations; for this in-
strument, two consecutive and consistent respiratory signals
that measure a coherence of 0.7 or higher were required for
the initiation of the measurements. In addition, the operator
evaluated the graphical measurement of respiratory resistance
in real time during the examination. If the operator observed
an apparent irregularity in the signal images, the subject was
re-examined until a successful examination was achieved.
Measurements were accepted when the tracings showed un-
interrupted breathing during data acquisition. Measurements
were rejected if disturbed by coughing, breath holding, swal-
lowing or vocalization. The measurements were considered
acceptable only when the time segment chosen for analysis
lasted for at least 20 seconds. FOT parameters including respi-
ratory resistance at 5 Hz (R5), respiratory resistance at 20 Hz
(R20), and respiratory reactance at 5 Hz (X5), area of reactance

(ALX), resonance frequency (Fres) and the percentage of the
predicted (% predicted) of FOT values were recorded. Pre-
and post-bronchodilator with 400 mcg of salbutamol inhala-
tion were evaluated. Percentage of bronchodilator response
(% BDR) was calculated from the difference absolute value
obtained before and after salbutamol inhalation then divided
by the absolute values before salbutamol inhalation and the
result was multiplied by 100.

Serum total 25(OH)D

Fasting blood sample for serum total 25(OH) vitamin D
levels blood samples were obtained during 6-8 am. Serum con-
centrations of 25(OH)D was analyzed by using a chemilumines-
cence immunoassay (LIASON® XL).

Statistical methods

Analysis was performed on all of the randomized patients
who had both baseline and follow-up data and had contin-
ued the study medication. Since there is no previous report
on the changes of FOT measures after treatment with vitamin
D in asthmatic patients. The sample size was calculated from
previous study on the effect of Vitamin D supplementation in
asthma by assessing ATAQ score.”® A sample size of 18 patients
(the treatment arm) was expected to have a 90% power and a
2-sided alpha error of 0.01. Analysis was performed in patients
who had completed 3 visits data. The changes in FOT parameter
were analyzed using repeated-measures analysis of covariance
models. Differences among groups in each visit were analyzed
using analysis of covariance for continuous data and chi square
test for categorical data. Data were analyzed by SPSS Ver 18.0.
Statistical significance was considered at p value < 0.05.

Results

A total of 97 participants who met the inclusion criteria
were screened, 5 patients were excluded due to the diagnosis
of sinusitis, chronic kidney disease, serum total 25(OH)D < 10
ng/ml and FOT could not be performed in 2 patients. Ninety
two asthmatic children were recruited: 41 children (44.6%)
had total 25(OH)D < 20 ng/ml (VDD) and 51 children had
total 25(OH)D = 20 ng/ml (nVDD): 40 children (43.5%) had
total 25(OH)D 21-30 ng/ml and 11 children (12%) had total
25(OH)D > 30 ng/ml. Forty one children in VDD group
were randomized: 21 children in VDD group with treatment
(tVDD), and 20 children in VDD group with placebo (pVDD).
Eight patients (15.6%) in nVDD group were dropped out. As
a result a total of 84 asthmatic children were analyzed (Figure
1B).

Baseline Characteristics of the study participants

The mean (SD) age of the asthmatic patients was 9.99 (3.10)
years and 57.1% of patients were male. The mean serum total
25(OH)D was 21.58 + 6.31 ng/ml. There were no significant
differences of age distribution, height, weight, body mass in-
dex, aeroallergen sensitization, blood eosinophil count, atopy,
dosage of inhaled corticosteroid used and asthma control test
score among nVDD, tVDD and pVDD. Baseline FOT param-
eter values, % predicted of FOT values, and % BDR were no
significant differences among groups except for the value of
R20. However, post hoc analysis using a Bonferroni correction
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applied to the significance criterion showed no significant dif-
ference in baseline R20 (Table 1).

Comparison of FOT parameters at 1, 3 months among groups

The mean (SD) total serum total 25(OH)D in nVDD, tVDD
and pVDD were 25.65 (5.48), 48.26 (14.71) and 17.52 (3.77)
ng/ml at 1 month and 25.01 (5.52), 30.05 (9.37) and 19.53
(5.57) ng/ml at 3 month, respectively (Figure 2). There were no

Table 1. Baseline characteristics of the participants

significant differences in FOT parameter values, % predicted
and % BDR among groups at 1 month and 3 months (Table 2).

Changes in FOT parameters among visits in nVDD, tVDD and
pVDD

The decrease of FOT parameters was observed in all groups
but the significant changes of R5 and R20 were demonstrated
only in nVDD and pVDD groups (Table 3). The percentage

Vitamin D deficiency patients

Parameters

Total 25(OH)D level (ng/ml)

Gender: male
Height (cm.)
Weight (kg.)
BMI (kg/m?)
Aeroallergen sensitization
Blood eosinophil (cu.mm.)
AEC =300 cell/pL
Atopy, no (%)
- food allergy
- atopic dermatitis

- allergic rhinitis

Dosage of inhale corticosteroid*

- low dose

- medium dose

- high dose
ACT/P-ACT 2 20
FOT parameters

R5 (cmH,0/L/S)
% predicted R5

R20 (cmH,0/L/S)
% predicted R20

X5 (cmH,0/L/S)
% predicted X5

R5-R20 (cmH,0/L/S)
ALX (cmH,0/L)

Fres (Hz)

% BDR of R5

% BDR of R20

% BDR of ALX

nVDD group
n=43
26.6 (4.6)
28 (58.3)
135.3 (18.0)
35.3 (15.6)
18.3 (4.1)
29 (67.4)
350 (156-532)

25 (58.1)

9 (20.9)
10 (23.3)

40 (93.0)

28 (65.1)
8 (18.6)
0

41 (95.3)

8.1(3.3)
104.2 (33.2)

7.1(2.4)
131.7 (33.6)

1.3 (-2.5 t0 -0.6)
48.4 (24.5-48.4)

0.89 (0.13-1.51)
6.77 (2.22-18.1)
11.96 (8.46-16.88)
21.8 (12.2-37.6)
20.9 (14.2-32.1)

47.5(31.32-71.4)

tVDD pVDD P-value
n=21 n=20
16.5 (2.2) 16.2 (2.3) <0.001
11 (52.3) 9 (45) 0.28
140.8 (16.1) 145.8 (17.3) 0.08
39.5 (13.7) 44.0 (16.5) 0.11
19.5 (3.8) 20.0 (4.9) 0.31
16 (80) 13 (65) 0.51
414.10 (191-635) 274 (137-588) 0.70
12 (57.1) 10 (50) 0.82
5(23.8) 3(15) 0.77
7 (33.3) 2(10) 0.20
20 (95.2) 18 (90) 0.80
0.24
14 (66.7) 15(75)
2(9.5) 0
0 1(5)
20 (95.2) 18 (90) 0.68
6.5 (2.7) 6.7 (2.8) 0.08
91.5 (25.7) 104.8 (31.7) 0.22
5.8 (1.9) 5.9 (2.0) 0.05
116.8 (31.0) 125.9 (29.7) 0.09
0.9 (-1.1 to -0.4) -0.8 (-1.4t0 -0.5) 0.13
33.7 (26.8-61.0) 37.6 (23.5-56.6) 0.21
0.40 (0.07-1.17) 0.465 (0.21-1.22) 0.15
3.64 (1.41-7.49) 2.88 (1.66-7.71) 0.16
9.62 (7.17-12.80) 9.26 (8.08-2.95) 0.24
19 (14.7-24.4) 24.8 (14.1-32.3) 0.59
17.1 (10.1-24) 21.3 (15.4-30.7) 0.38
38.9(23.66-68.55)  47.9 (38.87-73.55) 0.18

Data presents as N (%), mean (sd) or median (IQR) *according to GINA guideline 2016, * difference from nVDD group,

nVDD = non-vitamin D deficiency, tVDD = vitamin D deficiency with treatment, pVDD = vitamin D deficiency with placebo, AEC = absolute eosinophil count, ACT
= asthma control test, P-ACT = pediatric asthma control test, R5 = resistance at 5 Hz, R20 = resistance at 20 Hz, X5 = reactance at 5 Hz, ALX = area of reactance, Fres
= resonance frequency and BDR = bronchodilator response
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Table 2. Comparison of FOT parameters at 1 and 3-month follow up among groups

Parameters

1 month

R5 (cmH,O/L/S)
% predicted R5
R20 (cmH,0/L/S)
% predicted R20
X5 (ecmH,0/L/S)

% predicted X5

R5-R20 (cmH,0/L/S)

ALX (cmH,O/L)
Fres(Hz)

% BDR of R5
%BDR of R20

% BDR of ALX

3 months

R5 (cmH,O/L/S)
% predicted R5
R20 (cmH,0/L/S)
% predicted R20
X5 (cmH,0/L/S)

% predicted X5

R5-R20 (cmH,O/L/S)

ALX (cmH,0/L)

nVDD
n=43

7.7 (3.4)
98.3 (33.1)
6.7 (2.3)
124.1 (31.3)
1.2 (-1.8 to -0.5)
42.6 (27.4-58.0)
1.01 (0.16-1.55)
5.41 (1.77-11.29)
11.69 (8.35-15.84)
23.7 (15.3-35.9)
23.2(15.9-31.7)

49.5 (29.9-58.4)

7.1 (2.8)
94.3 (25.4)
6.2(1.9)
117.7 (24.2)
12 (-1.5 to -0.6)
36.2 (25.1-52.7)
0.89 (0.12-1.41)

5.37(2.14-10.33)

tVvDD
n=21

6.1(22)
87.8 (17.9)
5.5 (1.5)
110.7 (20.4)
-0.7 (-1.5 t0 -0.3)
33.1 (23.6-58.9)
0.37 (0.1-1.29)
2.69 (1.14-8.67)
9.05 (7.10-14.04)
225 (9.6-29.3)
17.8 (6.4-24.2)

43.05 (32.35-60.77)

6.2 (2.4)
89.8 (20.5)
5.6 (1.7)
112.9 (23.3)
0.6 (-1.3 to -0.4)
28.4 (24.1-48.7)
0.5 (0.22-1.08)

2.22(1.37-6.46)

pVDD
n=20

6.0 (2.4)
93.8(22.2)
5.5(1.8)
116.7 (22.3)
-0.7 (-1.3 t0 -0.5)
39.3 (22.7-64.5)
0.46 (-0.13 to1.14)
3.27 (2.01-7.07)
9.29 (7.86-12.89)
24.2 (15.4-29.6)
18.9 (11.7-25.1)

54.3 (26.15-65.6)

6.1 (3.0)
92.4 (19.6)
5.5(2.1)
1142 (21.6)
0.9 (-1.2 to -0.4)
415 (33.7-48.8)
0.48 (-0.1 to 0.77)

4.22 (1.62-5.5)

P-value

/A

APJAI

Data presents as N (%), mean (sd) or median (IQR). nVDD = non-vitamin D deficiency, tVDD = vitamin D deficiency with treatment, pVDD = vitamin D deficiency
with placebo, R5 = resistance at 5 Hz, R20 = resistance at 20 Hz, X5 = reactance at 5 Hz, ALX = area of reactance, Fres = resonance frequency and BDR = bronchodi-

lator response
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Table 2. (Continued)

Parameters 1:1\211; LV:DZ? [:1\/:1)213 P-value
3 months (Continued)
« Fres (Hz) 11.3 (8.5-14.86) 8.1(7.26-12.68) 10.24 (7.93-11.78) 0.12
« % BDR of R5 23.4 (19.3-28.5) 21.1(10.6-28.8) 24.9 (16.2-35.2) 0.14
« % BDR of R20 12.9 (20.1-27.3) 15.9 (11.5-28.3) 19.8 (15.9-27.1) 0.34
« %BDR of ALX 49.9 (29.2-66.2) 31.3 (15.05-55.45) 40.4 (24.4-53.85) 0.15

Data presents as N (%), mean (sd) or median (IQR). nVDD = non-vitamin D deficiency, tVDD = vitamin D deficiency with treatment, pVDD = vitamin D deficiency
with placebo, R5 = resistance at 5 Hz, R20 = resistance at 20 Hz, X5 = reactance at 5 Hz, ALX = area of reactance, Fres = resonance frequency and BDR = bronchodi-

lator response

Table 3. Comparison of FOT parameters at 1 month and 3 months from baseline in each group

nVDD Baseline 1 month *P value 3 month P value
R5 (cmH,O/L/S) 8.1(3.4) 7.7 (3.4) 0.07 7.1(2.8) 0.001
R20 (cmH,0/L/S) 7.1 (2.5) 6.7 (2.3) 0.01 6.18 (1.93) <0.001
X5 (cmH,0/L/S) -1.3 (-2.5 t0 -0.6) -1.2 (-1.8 to -0.5) 0.01 -1.2 (-1.5 to -0.6) 0.004
R5-R20 (cmH,O/L/S) 0.89 (0.13-1.51) 1.01 (0.16-1.55) 0.65 0.89 (0.12-1.41) 0.79
ALX (cmH,0/L) 6.77 (2.22-18.1) 5.41 (1.77-11.29) 0.04 5.37(2.14-10.33) 0.07
Fres (Hz) 11.96 (8.46-16.88) 11.69 (8.35-15.84) 0.08 10.24 (7.93-11.78) 0.62
% BDR R5 23.6 (12.6-38.4) 23.70 (16.20-36.40) 0.2 23.0 (19.35-27.15) 0.795
% BDR R20 22.70 (15.50-35.47) 25.70 (15.42-33.10) 0.483 17.50 (12.08-24.28) 0.174
% BDR of ALX 47.5(31.32-71.4) 49.5 (29.9-58.4) 0.36 49.9 (29.2-66.2) 0.89

tVDD Baseline 1 month *P value 3 month P value
R5 (emH,0/L/S) 6.47 (2.68) 6.12 (2.20) 0.263 6.25 (2.41) 0.411
R20 (conH,0/L/S) 5.81(1.87) 5.48 (1.54) 0.145 5.60 (1.77) 0.314
X5 (cmH,0/L/S) -0.89 (-1.41to -0.44)  -0.70 (-1.51 to -0.35) 0.360 -0.57 (-1.27 to -0.42) 0.095
R5-R20 (cmH,O/L/S) 0.40 (0.07-1.17) 0.37 (0.1-1.29) 0.86 0.5 (0.22-1.08) 0.98
ALX (cmH,0/L) 3.64 (1.41-7.49) 2.69 (1.14-8.67) 0.52 2.22(1.37-6.46) 0.18
Fres (Hz) 9.6 (7.17-12.80) 9.05 (7.10-14.04) 0.66 0.6 (-1.3 to -0.4) 0.41
% BDR R5 18.80 (12.70-24.0) 22.50 (10.30-31.80) 0.776 21.40 (10.80-29.10) 0.728
% BDR R20 16.60 (10.0-24.80) 17.20 (5.50-24.20) 0.777 20.60 (12.35-28.85) 0.616
% BDR of ALX 38.9 (23.66-68.55) 43.05 (32.35-60.77) 0.86 31.3 (15.05-55.45) 0.37

pVDD Baseline 1 month *P value 3 month P value
R5 (cmH,O/L/S) 6.73 (2.84) 6.04 (2.43) 0.002 6.13 (3.03) 0.129
R20 (cmH,0/L/S) 5.95 (2.0) 5.49 (1.77) 0.005 5.52(2.14) 0.088
X5 (cmH,0/L/S) -0.70 (-1.38 to -0.46) ~ -0.78 (-1.33 to -0.58) 0.737 -0.90 (-1.16 to -0.45) 0.940
R5-R20 (cmH,0/L/S) 0.465 (0.21-1.22) 0.46 (-0.13 to 1.14) 0.06 0.48 (-0.1t0 0.77) 0.33
ALX (cmH,O/L) 2.88 (1.66-7.71) 3.27 (2.01-7.07) 0.80 4.22 (1.62-5.5) 0.79
Fres (Hz) 9.26 (8.08-2.95) 9.29 (7.86-12.89) 0.48 10.24 (7.93-11.78) 0.95

Data presents as N (%), mean (sd) or median (IQR). nVDD = non-vitamin D deficiency, tVDD = vitamin D deficiency with treatment, pVDD = vitamin D deficiency
with placebo, R5 = resistance at 5 Hz, R20 = resistance at 20 Hz, X5 = reactance at 5 Hz, ALX = area of reactance, Fres = resonance frequency and BDR = bronchodi-
lator response. *comparison between baseline and 1 month visit,  comparison between baseline and 3 month visit
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Table 3. (Continued)

pvDD Baseline 1 month *P value 3 month P value
% BDR of R5 27.40 (18.20-37.50) 24.20 (15.10-30.20) 0.670 24.9 (16.2-35.2) 0.679
% BDR R20 23.20 (14.65-31.60) 18.90 (10.70-24.70) 0.472 19.8 (15.9-27.1) 0.514
% BDR of ALX 47.9 (38.87-73.55) 54.3 (26.15-65.6) 0.18 40.4 (24.4-53.85) 0.1

Data presents as N (%), mean (sd) or median (IQR). nVDD = non-vitamin D deficiency, tVDD = vitamin D deficiency with treatment, pVDD = vitamin D deficiency
with placebo, R5 = resistance at 5 Hz, R20 = resistance at 20 Hz, X5 = reactance at 5 Hz, ALX = area of reactance, Fres = resonance frequency and BDR = bronchodi-
lator response. *comparison between baseline and 1 month visit, * comparison between baseline and 3 month visit
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Figure 3. Percent change of resistance from baseline at 1 month (A) and 3 months (B).

changes of R5 and R20 from baseline values at 1 and 3 months
were not significantly different among nVDD, tVDD and
pVDD (Figure 3).

Association of vitamin D status and asthma control

There was no significant difference between nVDD group
and VDD group in the level of asthma control and ACT/P-ACT
score, aero-allergen sensitization, blood eosinophil and dosage
of inhaled corticosteroid. There was no significant correlation
between serum total 25 (OH)D level and % predicted of FOT
parameter.

Discussion

We have shown that vitamin D deficiency is common in
Thai asthmatic children. Almost half of children with con-
trolled asthma in the current study have vitamin D deficiency
which is similar to the prevalence of vitamin D deficiency in

Thai children living in urban area.’ The association of vita-
min D and asthma have been reported both in children and
adults.'”!

However, we did not find the association between the level
of vitamin D and % predicted of FOT parameters in asthmatic
children. The association of vitamin D level and lung function
remains inconsistent. A study in Danish adults has shown the
association of low level of vitamin D and lower % predicted
FEV1 in the cross-sectional study but patients with higher se-
rum vitamin D at baseline have shown to have more adverse
change in % predicted FEV1 in 5 years later.”” In contrast,
Norwegian adults with asthma who had vitamin D deficiency
at baseline was shown to have more decline in lung function
measured by spirometry at 11 years later.” A recent cross sec-
tional study have shown the association of FEV1 and vitamin
D deficiency only in obese asthmatic children but not in asth-
matic children with normal weight.*’ However, in subgroup
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analysis comparing between enrolled children with normal
weight and obese, no significant differences in FOT parameters
were observed in the current study (data not shown).

The current study have found that vitamin D treatment in
controlled asthmatic children who had vitamin D deficiency
had no effect on FOT parameters over the 3 month-study pe-
riod. Children in nVDD group showed a statistically improve-
ment in R5, R20 and X5 after enrollment in the study but the
changes in the FOT values may not have an impact on clini-
cal outcome. Since the day-to-day variability of FOT values
were reported to be 10-11%* and all of the changes in FOT
values between visits are within 10-11%. However, there was
no statistically significant changes in tVDD. A previous study
demonstrated that asthmatic patients with low serum vitamin
D level had reduce glucocorticoid response.? Asthmatic chil-
dren who had vitamin D deficiency had lowest improvement
of FEV1 after treatment with inhaled corticosteroid when
compared to asthmatic children with non-vitamin D deficien-
cy.! Our enrolled children who had vitamin D deficiency may
have a reduced response to inhaled corticosteroid resulting in
no improvement of FOT parameters over time compared to
non-vitamin D deficiency group. However, children in VDD
with vitamin D treatment group gained their non-vitamin D
deficiency status after vitamin D treatment, but there were no
significant improvements in FOT parameters at 1 month or
3 months following treatment. We speculate that vitamin D
deficiency may have a detrimental effect on lung function
longer than 3 months after gaining the status of non-vitamin
D deficiency. Low serum vitamin D at birth* or low maternal
vitamin D* have been shown to associate with higher airway
resistance at the age of 6. A recent study in Japanese asthmat-
ic children who received vitamin D supplementation for 2
months have shown the improvement in level of asthma con-
trol, peak expiratory flow at 6 months. Nevertheless, some of
these Japanese asthmatic children were non-vitamin D de-
ficiency , their mean serum vitamin D levels were 28.5 ng/ml
in the intervention group and 29 ng/ml in the control group.®
However, a recent study was shown that vitamin D supple-
mentation for 6 months in adult asthma who had vitamin D
insufficiency did not reduce the rate of asthma treatment
failure or exacerbation and had no significant effects on lung
function.”® The discrepant findings for vitamin D and lung
function may be explained by the differences in age, race/
ethnicity, number of participants, and the status of vitamin D
before enrollment. The strengths of our study are 1) all ran-
domized patients were naive vitamin D deficient patients 2)
having non-vitamin D deficient patients as a control group for
the variable changes of FOT parameters over time. The lim-
itations of the study are 1) relative small number of the en-
rolled children 2) 3 months follow up time may be too short
to demonstrate the effect of vitamin D on lung function in
previously untreated vitamin D deficient patients. However, a
randomized clinical trial for vitamin D treatment for 28 weeks
in adult asthma with low vitamin D showed no reduction in
asthma exacerbation or improvement of lung functions.”

In conclusions, vitamin D treatment in asthmatic children
who had vitamin D deficiency may have no short term bene-
ficial effect on pulmonary function assessed by FOT. Recom-
mendation for vitamin D supplementation in asthmatic patient

needs further study.
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