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Objective To establish the relationship between vitamin D serum levels, pulmonary function, and asthma control
in children.
Study design We studied the relationship between 25-hydroxy cholecalciferol [25(OH)D] concentrations and
baseline spirometry and levels of asthma control, assessed according to Global Initiative for Asthma guidelines
and the Childhood Asthma Control Test, in 75 children with asthma (age range 5-11 years; 43 males) in a cross-
sectional study carried out during the winter and early spring.
Results Only 9.4%of our children had a sufficient serum25(OH)D (at least 30 to 40 ng/mL). A significant positive cor-
relation was found between forced vital capacity percent predicted and serum 25(OH)D (r = 0.25, P = .040). This was
true also for forced expiratory volume in 1 second, even though it was not statistically significant (r = 0.16, P = .157).
Subjectswithwell-controlled asthma hadhigher serum levels of 25(OH)D than childrenwith partially controlled or non-
controlled asthma,with valuesof (median [Q1;Q3]) 22.2 (16.3; 25.4), 17.8 (11.8; 22.1) and18.1 (15.0; 18.5), respectively
(P= .023). Furthermore, a positive correlationwas found between25(OH)Dand theChildhoodAsthmaControl Test (r =
0.28; P = .011).
Conclusions Our results indicate that hypovitaminosis D is frequent in children with asthma living in a Mediterra-
nean country. In those children, lower levels of vitamin D are associated with reduced asthma control. (J Pediatr
2011;158:437-41).

V
itamin D deficiency has been shown to be a risk factor for several chronic diseases, in addition to the classic deleterious
effects on bone.1 Recent data suggest that vitamin D deficiency could be related to onset of asthma,2,3 as well as be
a marker of disease severity in children with asthma.4 Furthermore, a significant relationship (with an apparent

dose-response effect) between higher percent-predicted forced expiratory volume in 1 second (FEV1) and forced vital capacity
(FVC) values and the increased circulating concentrations of 25-hydroxyvitamin D has been demonstrated in a large study of
approximately 14 000 subjects in the United States.5 All these findings suggest a possible role of vitamin D in respiratory health
outcomes.6 We therefore investigated the hypothesis that vitamin D serum levels could have an influence on different compo-
nents of asthma health status by studying this relationship in consecutively enrolled patients.
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Methods
We selected Italian children with asthma, diagnosed according to the American Thoracic Society (ATS) guidelines,7 who con-
secutively attended the outpatient clinic of the Department of Paediatrics at the University of Verona hospital between Novem-
ber 2008 and March 2009. The Hospital Ethics Committee approved the study protocol, and parents and patients provided
written, informed consent to participate.

A single measurement of vitamin D [measured as 25-hydroxy cholecalciferol, 25(OH)D] was made in all subjects, using
a chemiluminescent method (Liaison 25-OH Vitamin D Total; Diasorin, Saluggia, Italy). Values were used as continuous vari-
ables and vitamin D was also categorized, in descriptive analyses, as being desirable (or sufficient) when at least 30 to 40 ng/mL
(75 to 100 nmol/L), insufficient between 20 and 30 ng/mL (50 and 75 nmol/L), and deficient when <20 ng/mL.1,8

Measurements of pulmonary function were performed according to ATS criteria,9 considering the best of 3 efforts starting
with full force vital capacity (FVC) maneuvers with an electronic spirometer (Master Screen IOS; Jaeger, Höchberg, Germany).
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The spirometer was calibrated for each
subject with a 3-L syringe (Cardinal
Health, Dublin, Ohio). The FVC maneu-
vers were carried out with the child
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standing and wearing a nose clip. Subjects were instructed to
avoid the use of short-acting bronchodilators for at least 6
hours before testing.

Fractional exhaled nitric oxide (FeNO) was measured by
the NIOX system (Aerocrine, Stockholm, Sweden) by use
of a single-breath on-line method according to European Re-
spiratory Society/American Thoracic Society guidelines.10

Briefly, the children inhaled NO-free air to total lung capacity
and exhaled through a dynamic flow restrictor with a target
flow of 50 mL/sec for at least 6 to 7 seconds. No nose clip
was used. The NIOX system was calibrated according to
the manufacturer’s instructions.

Serum total immunoglobulin E (IgE) was determined by
high-sensitivity nephelometry (BN II System; Siemens
Healthcare Diagnostics, Deerfield, Illinois) and expressed as
kIU/L. Peripheral blood eosinophil count was measured by
automatic flow cytometer (Advia 2120 Hematology System;
Siemens Healthcare Diagnostics) and expressed as cells per
cubic millimeter.

Skin testing was done following standardmethods.11 In ad-
dition to histamine and saline solution controls, the following
antigens were applied to the volar surface of the forearm:
Dermatophagoides pteronyssinus, Dermatophagoides farinae,
cat dander, dog dander,mixed grass pollen,mixed tree pollen,
Parietaria officinalis, and Alternaria tenuis. A test result was
considered positive if the maximal diameter of the wheal
was $3 mm after subtracting the maximal diameter of the
negative control. Mean wheal dimensions were calculated
by measuring the greater diameter plus its perpendicular di-
ameter and dividing by two. All the wheal mean diameters
were measured and added together to obtain a total allergy
score expressed in millimeters as previously described.12

Asthma control was categorized as controlled, partly con-
trolled or uncontrolled in agreement with Global Initiative
for Asthma (GINA) guidelines.13 In particular, levels of
asthma control were defined depending on the presence/ab-
sence of daytime symptoms, limitations of activities, noctur-
nal symptoms/awakening, need for reliever/rescue treatment,
and FEV1 results. Furthermore, the children were asked to
complete the Childhood Asthma Control Test (C-ACT)
questionnaire14 before their clinical evaluation. C-ACT is
a self-administered questionnaire with 7 questions on asthma
symptoms and the effects of asthma on daily functioning.
The first 4 questions are answered by the children and the
last 3 by their parents. Each question had 4 response options
for children, from 0 (worse) to 3 (best), and 6 response op-
tions for parents, from 0 (worse) to 5 (best). The lowest
and highest possible scores were thus 0 (totally uncontrolled
asthma) to 27 (total asthma control), respectively; and a score
of 19 or less was an indication of poorly controlled asthma.14

Permission was obtained to use the C-ACT questionnaire.

Statistical Analysis
The degrees of association between vitamin D and baseline
FVC percent-predicted, FEV1 percent predicted, and C-
ACT were estimated by use of partial correlation,15 that is,
linear correlation after removing the effects of other vari-
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ables/confounders (treatment, season in which levels were
obtained, sex, and age).
Because of the skewed distributions of total IgE, eosinophil

count, mean total allergy scores, and FeNO, median values
and interquartile ranges (first to third quartiles) were calcu-
lated in place of mean and standard deviation. The strength
of the associations between these variables and vitamin D se-
rum levels was measured by use of Spearman rank correla-
tion.
Similarly, median and interquartile ranges of vitamin D se-

rum levels in children were grouped according to treatment
and GINA classification of control. Medians of these sub-
groups were compared by use of the nonparametric k-sample
test on equal medians.
P values <.05 were considered statistically significant. All

calculations were performed with the Stata 11.0 statistical
package (Stata Statistical Software: Release 11; StataCorp,
College Station, Texas).
Results

Seventy-five children with asthma (mean � SD age of 9.6 �
1.7 years [range 5-11 years], 43 [59.7%] male) were included
in the study. Forty-four patients had intermittent asthma and
therefore were receiving treatment only when needed. Of the
remaining 31 children who had persistent asthma, 21 were re-
ceiving fluticasone propionate (FP) 200 mg/d, and 10 were
treated with Salmeterol + FP 25/50 mg (two puffs two times
daily) plus daily Montelukast 5 mg. Only two patients had
a clinical history of emergency department visits and predni-
sone treatment in the previous 6 months, and both were in
the group with uncontrolled asthma.
Vitamin D levels (deficient, insufficient, and sufficient) are

reported in relation to the different study measurements
(Table I). Only 7 (9.4%) patients had sufficient vitamin D
levels (at least 30 to 40 ng/ml), 28 (37.3%) had insufficient
levels (between 20 and 30 ng/mL), and the remaining 40
(53.3%) showed deficient levels (<20 ng/mL).
The analysis of the relationship between serum levels of vi-

tamin D and C-ACT scores showed a moderate, statistically
significant positive correlation (r = 0.28; 95% CI = 0.06 to
0.49, P = .011) (Figure 1), indicating that higher serum
levels of vitamin D correspond to a better perception of
disease control by the patients and their parents.
The distribution of vitamin D serum levels in the children

grouped according to the GINA classification of control is
shown in Figure 2 and median values with interquartile
ranges are reported in Table II. The serum levels of vitamin
D were significantly different among the 3 groups (P =
.023). As can be observed, serum vitamin D was significantly
higher in the group of controlled patients as compared with
the partially-controlled group (P = .034). The lack of
a statistically significant difference between controlled and
uncontrolled patients (P = .054) was probably due to the
low number of subjects (n = 5) in the latter group. There
were no significant differences by treatment.
Chinellato et al



Table I. Investigated parameters stratified according to deficient, insufficient, and sufficient vitamin D serum levels

Patient characteristics

Vitamin D levels

Spearman’s correlation
(P value)

Deficient
(< 20 ng/mL)

Insufficient
(20-30 ng/mL)

Sufficient
(‡ 30 ng/mL)

Absolute and relative (%) frequency
distribution of patients

40 (53.3%) 28 (37.3%) 7 (9.4%)

Total IgE (IU/mL) 197 (102-554) 425 (100-788) 332 (124-495) 0.04 (0.722)
Eosinophil count (cells/mm3) 409.3 (217.7-645.9) 350.0 (251.0-651.0) 254 (223.0-441.0) �0.05 (0.646)
Mean total allergy score (mm) 22.8 (7.8-42.3) 23.3 (11.0-38.5) 12.0 (10.0-35.0) �0.07 (0.526)
FeNO (ppb) 18.9 (8.5-30.6) 17.5 (8.8-41.1) 16.1 (10.1-22.8) 0.02 (0.880)

Median with interquartile range (1st quartile - 3rd quartile) and Spearman rank correlation with P values.
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Considering the whole population, serum levels of 25(OH)
D were moderately associated with FVC percent predicted
(partial correlation r = 0.25, 95% CI = 0.12 to 0.49,
P = .04). A lower and statistically non-significant correlation
between FEV1% predicted and serum levels of 25(OH)D was
found (r = 0.16, 95% CI = �0.06 to 0.39, P = .16). Similarly,
no correlation between vitamin D levels and FEV1/FVC was
observed (r = �0.15, 95% CI = �0.35 to 0.05, P = 0.14).
No statistically significant differences were observed between
total IgE, eosinophil count, total allergy scores and FeNO and
vitamin D levels (Table I).

Discussion

Our study shows that there is a positive association between
vitamin D levels and asthma control as defined by the C-ACT
and GINA parameters. It is tempting to speculate that this
correlation is based on the effect that vitamin D has on im-
Figure 1. Scatter plot shows the relationship existing
between vitamin D serum levels and C-ACT scores. Partial
correlation analysis is reported.
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mune function. In fact, a number of studies have established
that vitamin D is a principal controller of innate immunity,
with the production of antimicrobial peptides able to kill
viruses, bacteria and fungi16 and that it exerts a inhibitory ef-
fect on the inflammatory response to viral infections.17 Vita-
min D deficiency has been shown to predispose children to
respiratory infections,18,19 and this predisposition is much
stronger in children with asthma.20 Conversely, it has been
shown that vitamin D supplementation decreases the inci-
dence of respiratory infections,21 which are a major trigger
of asthma exacerbation.22,23 It is difficult to ascertain from
cross-sectional studies whether vitamin D deficiency is re-
sponsible for reduced asthma control or whether uncon-
trolled asthma associated lifestyles, such as less outdoor
exercise with decreased exposure to sunlight, are responsible
for lower serum levels of vitamin D. Interventional trials
aimed at evaluating the effect of vitamin D supplementation
on asthma exacerbations and double-blind, placebo-con-
trolled trials in vitamin D–deficient children with asthma
are warranted to explore whether there is a causal relation-
ship or a simple association between the two events.
However, some recent findings suggest a possible cause-

effect relationship. In vitro studies have shown that 1.25
(OH)2D3 has a direct inhibitory effect on passively sensitized
airway smooth muscle cells24 and that it increases glucocor-
ticoid bioavailability in bronchial smooth muscle cells.25

Moreover, decreased serum vitamin D levels in children
with asthma have been observed to be associated with in-
creased corticosteroid use26 and an investigation with T cells
from patients with steroid-resistant asthma showed that vita-
min D supplementation could potentially increase the thera-
peutic response to glucocorticoids by restoring the impaired
steroid-induced interleukin-10 response.27

Our finding are in agreement with recent studies showing
that insufficient vitamin D status is associated with an in-
crease in the risk of asthma exacerbations in patients of the
Childhood Asthma Management Program (CAMP) cohort28

and with augmented airway responsiveness and increased
risk of asthma hospitalization in children with asthma living
in Costa Rica.4

In the study of children with asthma living in Costa Rica
a significant relationship was found between serum levels
of vitamin D and both circulating eosinophil counts and se-
rum IgE levels.4 This was not observed in either the CAMP
cohort28 or in our patients. The fact that, in our study group,
Children 439



Figure 2. Distribution of vitamin D serum levels in children
grouped according to GINA classification of control. Hori-
zontal lines represent mean values.
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no relationship was found between 25(OH)D concentrations
and total IgE, eosinophil count and mean total allergy scores
can be explained by the narrow serum range of vitamin D
concentrations in our study population. In fact, no change
in total IgE has been previously demonstrated in children
with asthma with 25(OH)D concentrations in the range be-
tween 12.5 ng/mL and 35.7 ng/mL; and a clear reduction in
eosinophil counts was only observed for levels over 30 ng/
mL.4 Beside these considerations, in our patients as in those
enrolled in the CAMP study a greater variability in vitamin D
levels is expected over the course of a year in comparison with
equatorial Costa Rica patients. However, there are no data on
Table II. Median with interquartile range (1st quartile
to 3rd quartile) and P values of the nonparametric
k-sample test on the equality of medians for the
investigated parameters, grouped by treatment and level
of disease control

Vitamin D serum
levels P value

Treatment .665
When needed 19.6 (15.1-22.9)
FP 18.0 (12.6-21.8)
FP/S+M 22.4 (15.1-24.3)

Levels of asthma control (GINA guidelines) .023
Uncontrolled 18.1 (15.0-18.5)
Partly controlled 17.8 (11.8-22.1)
Controlled 22.2 (16.3-25.4)

FP/S+M, Fluticasone propionate/salmeterol+montelukast.
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the effect of seasonal variations of vitamin D levels and envi-
ronmental exposures on allergic outcomes.28

In line with these findings, no effect of vitamin D was ob-
served on FeNO values in our patients. This is not surprising
because FeNO mirrors allergic eosinophilic inflammation,29

which reflects allergen exposure and multiple sensitization.30

In agreement with a previous observation in a large cross-
sectional study in randomly selected adolescents and adults,5

the data from our study confirm that serum 25-OH vitamin
D is significantly and positively associated with FVC and, to
a lesser extent, with FEV1 but not with FEV1/FVC. However,
the level of correlation between FVC and vitamin D is rela-
tively weak (r = 0.25). It is of interest that the correlations
for all 3 pulmonary function values were in the same direc-
tion.
In conclusion, deficient and insufficient vitamin D serum

levels were found in most children with asthma in a study
population from northern Italy. As a practical consequence,
we observed that lower levels of vitamin D were associated
with reduced asthma control and, to some degree, with
reduced pulmonary function. n
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