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The Effect of Vitamin D on Airway Reactivity
and Inflammation in Asthmatic Children:
A Double-Blind Placebo-Controlled Trial
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Summary. Background: Cross-sectional studies have reported an association of vitamin D

deficiency with increased asthma prevalence and severity, and with allergies. The effect of vitamin

D as sole therapy on airway hyper-reactivity (AHR) and airway inflammation has not been

reported. Aim: To evaluate the effect of vitamin D therapy on AHR as assessed by methacholine

concentration, causing a 20% reduction in FEV1 (PC20-FEV1) and fractional exhaled nitric oxide

(FeNO), systemicmarkers of allergy and inflammation, and exhaled breath condensate cytokines.

Patients andMethods: Children aged 6–18 yearswith a clinical diagnosis of mild asthma currently

not receiving anti-inflammatory therapy and with low vitamin D levels were included in this

randomized, double-blind, placebo-controlled study assessing the effect of 6 weeks of treatment

with oral vitamin D 14,000 units once weekly or placebo. Results: Of the 39 patients included, 20

received vitamin D treatment and 19 received a placebo. Vitamin D replacement resulted in a

significant increase in vitamin levels, which remained unchanged in the placebo group

(P<0.0001). There was no change in IgE, eosinophil count, high sensitivity C-reactive protein,

FeNO levels or PC20-FEV1 following treatment. Similar values of exhaled breath condensate

cytokines (IL4, IL5, IL10, IL17, and g interferon)were observed in both groups. Conclusions: In our

small group of children with mild asthma, no difference could be demonstrated between the effect

of vitamin D and placebo, despite significant increases in vitamin D blood levels. Larger

interventional studies are needed to fully explore the possible effect of vitamin D in asthma.
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INTRODUCTION

Vitamin D deficiency is as a public health problem in
westernized countries, even in sun-replete countries.1 It

has been suggested as a major player in the pathogenesis
of allergy and asthma.2–6 Cross-sectional studies have
reported an association of vitamin D deficiency with
increased risks for airway hyper-reactivity (AHR),2,7
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reduced lung function,2,8,9 increased asthma severity,2,10

and steroid treatment.6 Therefore, improving vitamin D
status theoretically holds promise in the primary preven-
tion of asthma, in decreasing exacerbations, and in
treating steroid resistance.
Alternatively, vitamin D deficiency may represent a

marker of westernized lifestyle with other potentially
confounding factors.Western lifestyle is associated with a
shift from outdoor to indoor activity, altered nutrition and
increasing obesity, exposure to cigarette smoke, ultrafine
particles and ozone, and inadequate physical activity.
These factors are also linked to increased asthma
prevalence and its increased severity. Therefore, before
recommending treatment with vitamin D, double-blind
placebo-controlled clinical trials are needed to evaluate
the clinical relevance of vitamin D supplementation
therapy in asthma.
To the best of our knowledge, only one interventional

study assessed the role of vitamin D/placebo in asthma.
The study evaluated the effect of vitamin D/placebo as
adjuvant therapy to inhaled corticosteroids and reported
decreased asthma exacerbations triggered by acute
respiratory infections in the vitamin D group.11

We were unable to find interventional studies assessing
vitamin D as a sole treatment in asthma. The aim of our
study was to evaluate the effect of vitamin D on airway
reactivity and on the inflammatory and allergic markers in
mild asthmatic children.

PATIENTS AND METHODS

The study was approved by the institutional review
board of Rambam Health Care Campus (#483-10).

Study Population

Inclusion Criteria

Age 6–18 years, clinical diagnosis of mild asthma,
positive methacholine challenge test (PC20-FEV1

<16mg/ml),12 and insufficient (<30 ng/ml) vitamin D
levels.5,13

Exclusion Criteria

FEV1< 65% predicted or any acute illness on the day
of the MCT, anti-inflammatory treatment (inhaled
corticosteroids ormontelukast) over the previous 2weeks,
bronchodilator administration during the 24 hr prior to
MCT, and systemic corticosteroids in the 2 months prior
to enrollment.

Methods

Study Design

The study was a randomized, placebo-controlled, and
included three visits. The study was carried out in the
Pulmonary Out-Patient Clinic situated in a tertiary
university-affiliated medical center.
Visit 1. Written parental consent was obtained.

Demographics, child’s asthma/atopy history, and family
history of asthma/atopy/smoking were recorded. Blood
tests for serum 25(OH) vitamin D (hereafter vitamin D)
level, complete blood count (CBC), IgE, and Hs-CRP
were performed.
Visit 2. Each patient performed MCT, skin prick tests,

FeNO and exhaled breath condensate (EBC) collection.
Following a positive MCT and low vitamin D levels,
patients received 6 weeks of treatment with either oral
vitamin D 14,000 in 2ml units once weekly (equivalent to
2,000 units per day) or placebo (2ml of olive oil). The
vitaminD and placebowere provided by the local pharmacy
in identical, similarly colored, opaque containers.
Visit 3. After 6 weeks of treatment with either oral

vitamin D or placebo, each patient was re-evaluated.
Spirometry, MCT, FeNO, and collection of EBC were
performed, and blood tests for vitamin D, CBC, IgE, and
Hs-CRP were analyzed.
Spirometry

Spirometry was performed in accordance with the ATS/
ERS (American Thoracic Society/European Respiratory
Society) Task Force, using a KoKo spirometer (n-Spire
Healthcare, Inc., Longmont CO).14 Results were expressed
as percent predicted derived from Polgar and Quanjer.15

Methacholine Challenge Test (MCT)

MCT was performed according to published guide-
lines.12 The solutions were administered using a pulmo-
nary dosimeter (nSpire Health, Inc.) according to
manufacturer’s instructions. On completing the MCT,
200mcg of albuterol inhaler was given to all patients.
Blood Tests

Blood samples were analyzed for CBC, serum IgE
levels, Hs-CRP, and vitamin D. Serum 25(OH) D
concentrations were assayed by the Liaison1 that uses
direct competitive chemiluminescence immunoassay
(CLIA) technology.
Fractional Exhaled Nitric Oxide (FeNO)

Patients performed three online single breath maneu-
vers according to international guidelines using the Eco

ABBREVIATIONS

FeNO fractional exhaled nitric oxide

AHR airway hyper-reactivity

hs-CRP high sensitivity C reactive protein

FEV1 forced expiratory volume in the first second

FVC forced vital capacity

FEF25–75 forced expiratory flow between 25% and 75% of

FVC

PEFR peak expiratory flow rate

MCT methacholine challenge test

PC20-FEV1 methacholine provocation concentration causing

20% reduction in

EBC exhaled breath condensate

Vitamin D level serum 25(OH) D level
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Medics NO-analyzer (CLD88 exhalyzer Eco Physics AG,
Duernten, Switzerland). An animation biofeedback
assisted the children in maintaining the flow rate at
50ml/sec during the total length of the exhalation.16 The
mean value of at least two successful FeNO measure-
ments, according to ATS/ERS guidelines, was entered in
the analysis.

Exhaled Breath Condensate (EBC)

EBC samples were collected in RTubes17 (Respiratory
Research, Charlottesville, VA), according to manufac-
turer’s instructions and ERS recommendations. The
collected EBCs were stored at �808C until analysis.18

Samples were analyzed for IL4, IL5, IL10, IL17 (high
sensitivity ELISA kits; R&D Systems, Inc., Minneapolis,
MN) and gamma interferon (high sensitivity ELISA kit;
eBioscience, San Diego, CA). All samples were assayed
in duplicate, at two dilutions, at plate reader absorbance
(450 nm for all assays). Results were analyzed with a
4-parameter logistic curve fit. The intra-assay and inter-
assay variability were <10%; specificity ranged from
94% to 98%. The limit of detection of the assays was
0.06 pg/ml for IL5, 15 pg/ml for IL17, 0.11 pg/ml for
IL4, 0.09 pg/ml forIL10, and 0.15 pg/ml for gamma
interferon.

Skin Prick Test (SPT) for Inhaled Allergens

The SPT was performed according to guidelines.19

Primary end point: Defined as PC20-FEV1.
Secondary end points: Fractional exhaled NO

(FeNO), inflammatory mediators in exhaled breath
condensate (EBC), and systemic markers of allergy and
inflammation.

Analysis and Statistics

Sample size was calculated according to PC20-FEV1

usingWin Episcope 2.0. A sample size of 36 patients was
necessary to detect an increase in PC20-FEV1 from 4� 1
to 5� 1mg/ml, with a power of 80% and confidence level
of 95%. Statistical analysis was performed using a
software package (SPSS, version 18; SPSS, Inc.,
Chicago, IL). Normal distribution was assessed by
Kolmogorov–Smirnov Z. Paired Student’s t-test or
Mann–Whitney were performed for parametric values
according to the distribution, Fisher exact test and
Pearson Chi square analysis were used for non-
parametric values. Demographics and baseline character-
istics were compared using one-way analysis of variance
for quantitative variables. For EBC, analysis of variance
(ANOVA) was used followed byNeuman–Keuls post hoc
tests, whenever appropriate. Multiple regression analysis
was performed to evaluate the relationship betweenMCT
and the other variables. Results were expressed as
mean� standard deviation (SD), or median and range
and 95% confidence interval for the difference before and
after treatment period as applicable. Cohen’s d was used
to evaluate size effect. P< 0.05 was considered statisti-
cally significant.

RESULTS

Fifty-six patients had a positive MCT on visit 1, 11 of
whom had normal vitamin D blood levels (vitamin
D> 30 ng/ml). Six of the 45 patients with low vitamin D
levels did not start the treatment period (due to asthma
exacerbation, inconvenience of visits scheduled, or
vitamin D supplementation before visit 2). Therefore,
39 patients were treated with vitamin D/placebo and one
patient dropped out (vitamin D treatment due to
exacerbation) (Fig. 1). There was no statistical difference
in demographics and baseline characteristics between the
two study groups (Table 1).
Pulmonary function tests, PC20-FEV1, eosinophil, IgE,

and Hs-CRP blood levels were similar in the two study
groups (Table 2). Similar levels of FeNO and EBC
cytokines were observed at baseline visit (Tables 2 and 3).
Following the 6-week trial, vitamin D levels increased in
the vitamin D treatment group, but remained unchanged
in the placebo group (33.1� 2.1 vs. 21.4� 2.1 ng/ml,
respectively, P< 0.0001). However, despite the increase
in vitamin D, no change was observed in PFT’s,
eosinophils, IgE, and FeNo levels. Similarly, no statisti-
cally significant increase in PC20-FEV1 was observed in
either group (Table 2). The number of patients who
showed improvement in PC20-FEV1 defined by one-fold
concentration or by one stage was similar in both groups.

Fig. 1. Flow chart of patients recruited for the study.

Effect of Vitamin D in Asthmatic Children 3

Pediatric Pulmonology



EBC cytokines changed following 6 weeks of treatment
(increase in IL5, IL10, and g interferon and decrease in
IL17) but similar changes were observed in the placebo
group (Table 3).

DISCUSSION

In our small group of children with clinical mild
asthma, no difference could be demonstrated between
vitamin D as a sole treatment and placebo on multiple
parameters (MCT, FeNO, hs-CRP, IgE, airway cytokines,
and eosinophils), despite a significant increase in vitamin
D blood levels. Observational studies have clearly
reported an association between vitamin D deficiency
and increased asthma/allergy prevalence and severity.
Although association studies are often used for ascertain-
ing causes, clinical trials of vitamin D supplementation
are needed to ensure causation.

Previous studies supported correlations between
vitamin D blood levels and response to inhaled cortico-
steroids.20–22 One interventional study assessed the role
of vitamin D as adjuvant therapy to inhaled steroids in
children and reported decreased asthma exacerbations
triggered by viral infections.11 However, no increase in
vitamin D level was observed, and similar improvements
in FEV1 and asthma questionnaire were observed in the
placebo group. The similar improvement in both groups in
FEV1 and asthma questionnaire may have been due to the
co-administration of inhaled steroids resulting in less
room for improvement. In the current study we aimed to
assess the effect of vitamin D as sole therapy on a wide
range of measurements (AHR, FeNO, systemic markers
of allergy and inflammation, and EBC cytokines) and
tried to quantify the change in aspects of asthma, allergy
and inflammation.
Vitamin D insufficiency/deficiency is highly reported

in healthy and asthmatic children 2,10,23–25 In our study,
80% of the children had suboptimal vitamin D levels that
increased to a sufficient level in the treatment group.
Several studies have correlated vitamin D blood levels

with FVC, FEV1, FEF25–75%, and FEV1/FVC.
2,8,9 In our

study, no correlation was found between these parameters
and vitamin D or between groups before or after the
treatment period (data not shown).
Two previous studies reported correlation between

vitamin D level and measure of airway hyper-responsive-
ness (exercise test, MCT).2,7 To the best of our
knowledge, no interventional study has assessed the
effect of vitamin D supplementation on MCT. In our
study, increasing vitamin D did not attenuate non-specific
airway inflammation.
Exhaled breath condensate contains airway epithelial

lining fluid and airway mediators.26 Several studies

TABLE 1—Patient Characteristics

Parameter

Vitamin D

(n¼ 20)

Placebo

(n¼ 19) P value

Male/female 12/8 13/6 NS

Age (years) 13.5� 3.6 12.4� 3.6 NS

BMI 19.38� 3.29 21.53� 3.79 NS
# of patients with passive

smoking

7/20 12/19 NS

# of patients with pet (cat/dog)

at home

13/20 7/19 NS

# of patients with allergy

symptoms

14/20 9/19 NS

# of patients with positive

SPT

5/20 6/19 NS

SPT, skin prick test.
#¼Number of patients.

TABLE 2—Vitamin D, IgE, Eosinophil Count, Hs-CRP, FeNO Levels, and PC20-MCT Before and After 6 Weeks of Treatment
in the Two Study Groups

Parameter (mean� SD)

median (range)

Vitamin D (n¼ 19) Placebo (n¼ 19)

Vitamin D

versus Placebo

Pre Post 95% CI P value Pre Post 95% CI P value

Cohen’s d

effect size

Vitamin D (ng/ml) 20.8� 6.5 21.5

(9.7–29.8)

33.1� 7.9� 33

(20.2–54.8)

8.5–16.2 <0.0001 20.0� 7.1 19.8

(6.0–29.6)

21.4� 10.2 19.9

(6–41.9)

[(�1.6)–4.3] NS 0.62

IgE (IU/ml) 432.8� 465.7 320

(18.1–1650)

398.1� 412.6 272

(18.7–1450)

[(�81.3)–11.8] NS 433.8� 455.0 302

(15.7–1680)

539.5� 651.8 268.5

(9.2–2430)

[(�100.3)–311.6] NS 0.23

Eosinophil (103/ml) 0.56� 0.94 0.33

(0.1–4.3)

0.32� 0.18 0.31

(0.1–0.8)

[(�0.72)–0.2] NS 0.39� 0.34 0.35

(0.01–1.14)

0.31� 0.25 0.22

(0.02–0.9)

[(�0.20)–0.04] NS 0.11

Hs-CRP (mg/L) 1.99� 1.0 1.68

(1.1–4.8)

2.29� 1.68 1.7

(0.94–6.73)

[(�0.40)–1.01] NS 2.08� 1.33 1.61

(0.85–5.75)

2.13� 0.88 1.88

(0.94–4.38)

[(�0.39)–0.48] NS 0.11

FeNO (ppb) 36.6� 39.1 21.8

(5–153.3)

34.2� 26.8 33.0

(2–99.9)

[(�20.5)–15.8] NS 58.6� 54.7 38.2

(4.8–165.8)

51.0� 40.2 35.0

(5.6–133.0)

[(�19.4)–4.2] NS 0.09

PC20-FEV1 (mg/ml) 2.79� 3.7 1.1

(0.15–11.6)

5.07� 5.5 3.3

(0.05–16)

[(�0.6)–5.15] NS 2.17� 2.9 1.06

(0.1–9.13)

4.13� 5.7 1.2

(0.01–16)

[(�1.01)–5.03] NS 0.02

�P< 0.0001.
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examined airway biomarkers in exhaled breath conden-
sate in asthmatic patients. Elevated IL4, IL5, IL17, and
g interferon levels and decreased IL10 levels were
reported in the EBC of asthmatics compared with the
control group.27–29 In our study, IL-17 and IL-4 were
relatively decreased while IL-10 was increased compared
to previous studies. The difference may be the result
of down regulation of regulatory T cells by vitamin D
insufficiency that elaborate anti-inflammatory cytokines,
including IL10.30 Alternatively, assay variability and
standardization of EBC collection and storage might
contribute to these differences.
Patients with severe asthma exhibit increased levels

of TH17 associated cytokines IL-17A and IL-22, which
are not inhibited by steroids. 1,25(OH)2D3 was found
to inhibit TH17 cytokine production in moderate to
severe asthmatic patients, identifying it as a novel steroid-
enhancing property of vitamin D in asthmatic patients.31

We assessed the effect of vitamin D supplementation
on airway cytokines. There was a significant increase of
TH1 cytokines (IL10, INF gamma) and decrease of TH2
cytokines (IL17 significantly and IL4 only marginally),
with increased IL5 (Th2 cytokine). However, these
changes were similar in both groups. We are unaware
of previous studies evaluating the effect of vitamin D on
EBC cytokines. It should be noted that both study groups
displayed the same trend (not statistically significant)
towards improvement in MCTand airway cytokines. This
improvement can theoretically be explained by seasonal
variation,32 although no seasonal variation was found in
our small sample size study. In addition, both groups
received a small amount of olive oil (2ml) once weekly.
Although several studies found that the Mediterranean
diet and olive oil have positive effects in preventing
asthma, the small amount given here makes this
possibility unlikely.33

Increased FeNO levels are found in patients with
allergy and atopy and correlate with sputum eosinophils

andAHR.16 If vitaminD supplementation attenuated TH2
response, a decrease in FeNO levels would be expected
in the treatment group. However, no correlation between
vitamin D levels and FeNO and no differences between
the groups were observed in our study.
Serum IgE and eosinophils correlate with allergic

asthma34–36 and vitamin D blood level correlate with IgE
and eosinophils.2 In our study, no correlation between
vitamin D levels and serum IgE and eosinophils was
found, and no differences between the groups were
observed in this interventional study.
Recent population-based studies showed correlation

between increased levels of hs-CRPwith a high frequency
of AHR and low FEV1.

37,38 No study has evaluated CRP
in relation to vitaminD levels in asthmatic children. In our
study, no correlation between vitamin D level and CRP or
differences between study groups were observed.
This double-blind placebo-controlled study assessed

the effect of vitamin D therapy on AHR as assessed by
PC20-FEV1and markers of systemic and airway inflam-
mation and allergy. The major limitation of our study is
the small cohort, a sample size of 36 patients, calculated
based on MCT, was achieved. However, in view of the
wide range of MCT values observed, the possibility of a
type 2 error cannot be excluded. We included only mild
atopic asthmatics with near normal baseline pulmonary
function tests in order to perform MCT and to avoid the
possible impact of anti-inflammatory drugs or asthma
severity on vitamin D levels. Mild disease may represent
a specific genetic polymorphism and the results may
not be applicable to higher disease activity. The level of
vitamin D and the length of treatment required for an
immunomudolatory effect are unknown.
In conclusion, in this double-blind placebo-controlled

interventional study, no difference between the effect of
vitamin D and placebo on MCT, FeNO, hs-CRP, IgE,
airway cytokines, and eosinophils could be demonstrated,
despite significant increases in vitamin D blood levels.

TABLE 3—EBC Cytokines Levels Before and After 6 Weeks of Treatment in the Two Study Groups

Parameter

(pg/ml)

Vitamin D (n¼ 19) Placebo (n¼ 19)

Vitamin D

versus Placebo

Pre Post

95% CI

P value Pre Post

95% CI

P value P value

IL-4 6.75� 4.56 5.82� 1.34 [(�3.30–1.41]

NS

7.58� 3.81 5.12� 1.56 [(�4.54)–(�0.39)]

0.02

0.17

IL-5 1.64� 0.3 2.61� 0.89 [0.53–1.41]

<0.0001

1.62� 0.35 2.07� 0.55 [0.06–0.84]

0.027

0.30

IL-17 35.81� 9.55 28.92� 3.54 [(�11.6)—(�2.2)]

0.007

34.49� 8.24 30.11� 4.04 [(�8.7)–(�0.06)]

0.047

0.14

IL-10 0.95� 0.19 1.27� 0.45 [0.06–0.58]

0.018

0.96� 0.19 1.53� 0.53 [0.30–0.82]

<0.0001

0.23

INF g 0.24� 0.04 0.28� 0.03 [0.01–0.06]

0.001

0.22� 0.04 0.29� 0.04 [0.05–0.09]

<0.0001

0.35
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Although the results of this study do not support a role for
vitamin D as sole therapy in mild asthma, the small
sample size precludes any firm conclusion. Larger
interventional studies with vitamin D as sole therapy
and as add-on to corticosteroids are needed to fully
explore the possible effect of vitamin D in asthma.
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