Asthma and lower airway disease

Decreased serum vitamin D levels in children with asthma
are associated with increased corticosteroid use
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Background: There is little knowledge about clinical variables
associated with vitamin D (VitD) insufficiency in asthmatic
children.

Objective: We sought to investigate disease variables associated
with VitD insufficiency in patients with childhood asthma and
interaction of VitD with corticosteroid-mediated anti-
inflammatory responses.

Methods: We analyzed 25-hydroxyvitamin D serum levels in 100
asthmatic children to investigate relationships between 25-
hydroxyvitamin D levels and patients’ characteristics. We
determined VitD’s effects on dexamethasone (DEX) induction of
mitogen-activated protein kinase phosphatase 1 and IL-10 in
PBMCs.

Results: The median 25-hydroxyvitamin D serum level was 31
ng/mL. Forty-seven percent of subjects had VitD levels in the
insufficient range (<30 ng/mL), whereas 17% were VitD
deficient (<20 ng/mL). Log,¢ IgE (P = .01, p = —0.25) and the
number of positive aeroallergen skin prick test responses (P =
.02, p = —0.23) showed a significant inverse correlation with
VitD levels, whereas FEV, percent predicted (P = .004, p =
0.34) and FEV,/forced vital capacity ratio (P = .01, p = 0.30)
showed a significant positive correlation with VitD levels. The
use of inhaled steroids (P = .0475), use of oral steroids (P =.02),
and total steroid dose (P = .001) all showed significant inverse
correlations with VitD levels. The amount of mitogen-activated
protein kinase phosphatase 1 and /L10 mRNA induced by VitD
plus DEX was significantly greater than that induced by DEX
alone (P <.01). In an experimental model of steroid resistance in
which DEX alone did not inhibit T-cell proliferation, addition of
VitD to DEX resulted in significant dose-dependent suppression
of cell proliferation.

Conclusions: Corticosteroid use and worsening airflow
limitation are associated with lower VitD serum levels in
asthmatic patients. VitD enhances glucocorticoid action in
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PBMC:s from asthmatic patients and enhances the
immunosuppressive function of DEX in vitro. (J Allergy Clin
Immunol 2010;125:995-1000.)
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Asthma is a chronic inflammatory disorder of the airways that
causes an increase in airways hyperresponsiveness, leading to
recurrent episodes of wheezing, breathlessness, and coughing that
are associated with variable airflow obstruction.' According to
data from the National Health Interview Survey, as of 2007, 8 mil-
lion children between the ages of 5 and 17 years have been given
diagnoses of asthma in their lifetimes.” In the United States
asthma is the most common cause of childhood emergency depart-
ment visits, hospitalizations, and missed school days.3 Inhaled
corticosteroids (ICSs) represent the preferred treatment for persis-
tent asthma.* For patients with severe asthma who do not achieve
adequate control with high-dose ICS therapy combined with a
long-acting [3-agonist, oral corticosteroids become a preferred
treatment modality.* Although clearly effective in the manage-
ment of asthma, corticosteroids come with a variety of potential
side effects. Higher ICS doses increase the potential for systemic
adverse effects that are seen with oral corticosteroids, including
reduced bone density, increased fracture risk, and adrenal suppres-
sion.”® Consequently, treatment options for asthma that reduce
steroid doses can minimize the risk of these adverse effects.

One hypothesis for the increasing prevalence of asthma
involves vitamin D (VitD). Some have argued that different
factors associated with westernization have led to lower VitD
levels, which in turn have resulted in higher rates of asthma.’*®
However, others have argued that VitD has more of a deleterious
effect on allergic pathogenesis.” Although multiple studies have
examined maternal VitD status and subsequent wheezing in off-
810-11 there are limited data on VitD levels in children
with asthma, as well as on what features of asthma are associated
with VitD levels. A recent study on children with asthma from
Costa Rica showed a significant inverse association between
VitD levels and use of anti-inflammatory medication (either
ICSs or leukotriene inhibitors) in the previous year, total IgE
levels, and eosinophil counts.'” These important findings require
confirmation. To our knowledge, the prevalence of VitD insuffi-
ciency/deficiency is unknown for children with asthma living in
higher northern latitudes. In addition, more information is needed
regarding the specific clinical and therapeutic variables associ-
ated with lower VitD levels in patients with childhood asthma.
The first aim of this article was to investigate the prevalence of
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Abbreviations used
DEX: Dexamethasone
FVC: forced vital capacity
ICS: inhaled corticosteroid
MKP-1: mitogen-activated protein kinase phosphatase 1
TSST: toxic shock syndrome toxin
VitD: vitamin D

VitD insufficiency in childhood asthma from a group of patients
living in northern latitudes, as well as to further define what
variables, including corticosteroid use and markers of allergy, are
associated with VitD insufficiency in childhood asthma. The
second part of this study was to determine whether VitD interacts
directly with corticosteroid pathways that lead to downregulation
of the inflammatory response. This was assessed by testing
whether VitD enhances glucocorticoid induction of mitogen-
activated protein kinase phosphatase 1 (MKP-1) and IL-10 in
PBMC:s by using real-time PCR and T-cell proliferation assays.

METHODS
Subjects

Children with asthma referred to National Jewish Health were identified
through focused searches of laboratory data using codes for the 25-
hydroxyvitamin D assay. Data were collected between April 1, 2008, and
October 31, 2009. Patients’ medical information was obtained by using the
National Jewish Health electronic medical record and the National Jewish
Research Database.'” Patients between the ages of 0 and 18 years who had 25-
hydroxyvitamin D serum levels (used interchangeably with VitD levels in this
article) drawn were included if they had a physician’s diagnosis of asthma. Pa-
tients were excluded if there was documentation that they were taking VitD
supplements or if they had additional chronic pulmonary conditions (eg, cystic
fibrosis or bronchiectasis). Laboratory studies to assess VitD’s effects on cor-
ticosteroid action in vitro used 11 patients with mild-to-moderate asthma and 4
healthy control subjects. Approval was received from the National Jewish
Health Institutional Review Board for both parts of the study.

Data collection

Serum 25-hydroxyvitamin D levels were analyzed with the VitD, 25-
hydroxy chemiluminescent immunoassay performed at ARUP Laboratories
(Salt Lake City, Utah). This assay is capable of measuring both the D, and D5
derivates of 25-hydroxyvitamin D.'* Values were reported in nanograms per
milliliter. 25-Hydroxyvitamin D levels are the preferred marker of the body’s
VitD status because this form has a longer half-life (2-3 weeks) than
1,25-dihydroxyvitamin D (4 hours)."® Skin testing was performed according
to National Jewish guidelines by using histamine and saline controls. Positive
reactions were recorded for wheal sizes greater than or equal to 3 mm in diam-
eter larger than those elicited by the negative saline control. Seasonal aeroal-
lergens tested were specific for the plants commonly found in the subject’s
home state. Total IgE level and eosinophil count measurements were per-
formed by Advanced Diagnostics Laboratories (Denver, Colo) at National
Jewish Health. Reflex titer assays were done to quantify IgE levels of greater
than 5,000 kU/L. IgE levels underwent a log; transformation for analysis. Eo-
sinophil counts were determined by using the direct current electronic resis-
tance method of particle counting and sizing. Latitude of the patient’s home
address was determined based on data from the United States Census Bureau
Gazetteer Web site and the iTouchMap.com Web site. Exhaled nitric oxide
levels were measured by using the NIOX system (Aerocrine, Solna, Sweden).
Medication use and dosage was recorded. The total steroid dose was expressed
as the average daily dose of ICSs plus oral corticosteroids taken over the 30
days before VitD assessment.

Laboratory studies were performed on purified PBMCs. Human PBMCs
were isolated by means of Ficoll-Hypaque density gradient centrifugation.
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PBMCs were cultured in hormone-free medium containing 1,25-(OH),D3
(10 nmol/L) for 24 hours, with dexamethasone (DEX; 10 or 100 nmol/L) added
during the last 3 hours. Total RNA was extracted (Qiagen, Hilden, Germany),
transcribed into cDNA, and analyzed by means of real-time PCR with the dual-
labeled fluorogenic probe method on an ABI Prism 7300 Real Time PCR sys-
tem (Applied Biosystems, Foster City, Calif). MKP1,IL10, and B-actin mRNA
expression was determined. For proliferation studies, PBMCs were cultured in
RPMI 1640 medium containing 10% FCS and stimulated with staphylococcal
toxic shock syndrome toxin 1 (TSST-1; 100 ng/mL; Toxin Technology, Inc,
Sarasota, Fla) for 72 hours to induce corticosteroid resistance, as described
by us previously.”’ DEX (100 nmol/L) with or without 0.1, 1, 10, 50, or 100
nmol/L 1,25-(OH),D; was added to examine its effect on T-cell proliferation.

Statistical analysis

Population values for the variables examined are given in Table I. Univar-
iate relationships between 25-hydroxyvitamin D levels and patients’ demo-
graphic and therapeutic characteristics were determined by using the
Spearman rank correlation coefficient when the variables were continuous
and the Wilcoxon test with x> approximation when they were categorical.
These tests were chosen because of the nature of the retrospective convenience
sample, the variability in sample size among variables, and the nonnormal dis-
tribution of variables. These univariate relationships are presented in Tables II
and III. Variables were considered statistically significant at P values of less
than .05 by using 2-sided tests. Statistical analysis was performed with JMP
8.0.1 software (SAS Institute, Inc, Cary, NC).

For the laboratory assessment of VitD’s effects on corticosteroid action,
data were expressed as means = SEMs. The paired ¢ test was used to compare
functional responses of pre- and post-DEX—treated cells from the same donors
(hence paired). The Wilcoxon matched pairs test was applied for samples that
did not fit Gaussian distribution. A P value of less than .05 was considered sta-
tistically significant. All reported P values were based on 2-sided tests.

RESULTS
Subjects’ characteristics

25-Hydroxyvitamin D levels and clinical features were ana-
lyzed in a total of 100 children with asthma aged O to 18 years
(Table I). Racial data were available for 81 of the subjects.
Seventy-nine percent of the participants were white, 9% were
American Indian or Alaska Native (including Hispanic), 6%
were African American, 3% were Asian, and 4% were of reported
mixed race (data not shown).'” The median latitude was 39.0°N.
The median eosinophil counts and total IgE levels were 311 cells/
mm? and 1,440 kKU/L, respectively. The median for log;, IgE was
7.3. The median FEV, percent predicted was 93.8%, and the me-
dian FEV/forced vital capacity (FVC) ratio was 0.8. The date the
25-hydroxyvitamin D level was obtained was recorded to assess
seasonal variations in the frequency of specimen collection. Sub-
jects were broken down into a summer (March through October)
or winter (November through February) designation. November
through February was chosen for the winter season because
very little VitD can be produced through sun exposure during
these months in latitudes above 35°N."'® Seventy-nine percent of
the collections were done during months when cutaneous VitD
synthesis was possible in northern latitudes (March through
October).

Among all the asthmatic patients studied, the median serum 25-
hydroxyvitamin D level was 31 ng/mL (Fig 1). Based on changes
in parathyroid hormone levels and intestinal calcium transport
that have been noted at VitD levels of less than 30 ng/mL, 18 yalues
of less than 30 ng/mL were considered VitD insufficient. Forty-
seven percent of the subjects studied had VitD levels in the
insufficient range (<30 ng/mL), whereas 17% were VitD deficient
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TABLE I. Patients’ characteristics

Characteristic Sample size Data*
Age (y) 100 7 (4-10)
Sex 100 Male 64%
BMI percentile 98 60 (29.5-85.6)
Eosinophil count (cells/mm3) 91 311 (146-576)
Logo IgE 96 7.3 (6-9)
IgE (kU/L) 96 1,441 (386-7,678)
No. of positive aeroallergen 96 9 (4-16)

skin test results
FVC (%) 69 99 (90.3-106.8)
FEV, (%) 69 93.8 (80.9-101.8)
FEV,/FVC 69 0.8 (0.74-0.87)
Season 100 Summer 79%

BMI, Body mass index.
*Values are listed as a percentage of population or median (25th-75th interquartile
range).

TABLE Il. Univariate analysis of associations between serum VitD
levels and continuous clinical variables*

Variable Correlation* P value
Age —0.47 <.0001
BMI —0.21 .04
Eosinophil count —0.01 91
Log;o IgE —0.25 .01
No. of positive aeroallergen —0.23 .02
skin test results

FVC (%) 0.12 .33
FEV; (%) 0.34 .004
FEV,/FVC 0.30 .01

BMI, Body mass index.
*Correlation was determined with the Spearman rank correlation coefficient.

(<20 ng/mL). Among the VitD-deficient patients, 88% had a
25-hydroxyvitamin D level of between 10 and 20 ng/mL.

Clinical associations

Tables II, III, and IV outline the results of the univariate analy-
sis for variables associated with VitD levels. Tables II and III in-
volve clinical variables. Table IV involves therapeutic (ie,
medication) variables. A significant inverse correlation was noted
for age and VitD level (P <.0001, p = —0.47). The median VitD
value for female subjects was 33 ng/mL, and it was 30 ng/mL for
male subjects. African Americans had a median VitD value of 24
ng/mL, whereas subjects who were not African American had a
median value of 32 ng/mL. The differences in VitD levels with re-
spect to sex and race were not significant, although only 6 subjects
reported African-American race. Latitude and time of year (sum-
mer vs winter) were not significantly associated with VitD level
(data not shown). Higher body mass index was associated with
significantly lower VitD levels (P = 0.04, p = —0.21). Among
markers for atopy, logo IgE (P = .01, p = —0.25) and the number
of positive environmental skin prick test responses (P = .02, p =
—0.23) showed a significant inverse correlation with VitD levels,
whereas eosinophil counts demonstrated no significant correla-
tion. Sixty-nine of the participants had recorded spirometric re-
sults, with FEV, percent predicted (P = .004, p = 0.34) and
FEV,/FVC ratio (P = .01, p = 0.30) showing a significant posi-
tive correlation with VitD levels.
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TABLE lll. Univariate analysis of serum VitD levels and aero-
allergen sensitivity*

Positive skin VitD levelt,

Allergen test result (%) median (IQR) P valuet

Pollen (n = 93) 82 Positive: 29 (22-40) 94
Negative: 31 (23-36)

Dog (n = 95) 63 Positive: 29 (23-37) .045
Negative: 35 (22-47)

Cat (n = 95) 60 Positive: 29 (23-38) 47
Negative: 31.5 (26-41)

Mold (n = 95) 55 Positive: 28 (22-38) .09
Negative: 34 (23-42)

House dust 44 Positive: 27 (16-39) .05

mite (n = 92) Negative: 31 (27-38)
Alternaria 39 Positive: 27.5 (20-34) .06

species (n = 93) Negative: 33 (25-40)

IQR, Interquartile range.

*Positive aeroallergen sensitivity is defined as a positive skin test result to the allergen
in question or any 1 positive skin test result to a specific allergen within the group in
question.

+Vitamin D represents 25-hydroxyvitamin D. Categorical variables have comparison
VitD medians expressed in nanograms per milliliter with 25th to 75th interquartile
ranges in parentheses.

iThe Wilcoxon test was used for median value differences for categorical variables.

Separate univariate analyses were performed on individual
aeroallergens and aeroallergen categories (Table III). Sensitivity
to outdoor pollens was the most common skin test finding (82%
of subjects) and was not associated with VitD levels. Mold aller-
gens and Alternaria species in particular showed a trend toward
lower VitD levels that did not achieve significance. However,
sensitivity to the indoor aeroallergens dog (P = .045) and house
dust mite (P = .05) were significantly associated with lower VitD
levels.

Among the different therapeutic modalities assessed (Table
1V), the use of inhaled steroids (P = .0475), use of oral steroids
(P = .02), total steroid dose (P = .001), and use of long-acting
B-agonists (P = .0007) all showed significant association with
lower VitD levels. The use of leukotriene receptor antagonists,
topical steroids, and multivitamins was not associated with
VitD levels, although only 6 patients reported multivitamin use.

Laboratory assessment of VitD’s effects on
corticosteroid action

In unfractionated PBMCs, DEX induced MKPI expression
(means * SEMs) from 0.91 = 0.17 ng MKP-1/ng (3-actin for me-
dia to 8.51 = 1.71 ng MKP1/ng B-actin for DEX-cultured cells,
respectively (n = 11). There was a significant (P <.001) enhance-
ment of DEX induction of MKPI by VitD (Fig 2, A). Steroid-
sparing effects of VitD were noted because the amount of
MKPI mRNA induced by VitD plus 10 nmol/L DEX combination
was significantly greater than the amount induced by 100 nmol/L
DEX alone (P < .01; Fig 2, A). Similar effects were observed for
IL10 (Fig 2, B).

To examine whether VitD can improve glucocorticoid action
under corticosteroid-resistant conditions, PBMCs were stimu-
lated with TSST-1 (100 ng/ml) for 72 hours to induce corticoste-
roid resistance, and DEX (100 nmol/L) or 1,25-(OH),Dj3 (up to
100 nmol/L) was added alone or in combination to examine their
effects on T-cell proliferation. TSST-1-stimulated T-lymphocyte
proliferation in PBMCs was not inhibited by DEX alone or VitD
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FIG 1. Distribution of VitD levels. VitD levels are expressed as serum 25-hydroxyvitamin D. The median
value was 31 ng/mL. Forty-seven percent of asthmatic patients had insufficient levels of VitD (<30 ng/mL).

alone. However, addition of VitD to DEX resulted in significant
dose-dependent suppression of TSST-induced cell proliferation,
and up to 64% inhibition of cell proliferation was achieved (P <
.01; Fig 3).

DISCUSSION

In our population of pediatric patients with asthma, who were
primarily from latitudes above 35°N, the prevalence of VitD
insufficiency (<30 ng/mL) was 47%, with 17% of patients being
VitD deficient (<20 ng/mL). These percentages were higher than
in a recent study involving childhood asthma and VitD that was
done in an equatorial population from Costa Rica, in which 28%
had VitD insufficiency.'” The majority of our patients (79%) had
VitD levels collected during a time period in which cutaneous
production of VitD is possible in higher northern latitudes (March
through October). The differences between our study and the pop-
ulation from Costa Rica support the known association of in-
creased risk of VitD deficiency in populations living at higher
northern latitudes.'> A study in infants and toddlers aged 8 to
24 months from an urban population in which the majority had
darker skin pigmentation found that 40% of the participants
were VitD insufficient (<30 ng/mL).19 In an adolescent urban
population, again with a majority of subjects with darker skin pig-
mentation, 42% of the participants had VitD levels of less than 20
ng/mL.20 Both of these studies were done on populations residing
in northern latitudes. A recent article describing 25-hydroxyvita-
min D levels in children using the National Health and Nutrition
Examination Survey from 2001-2004 showed that 61% of chil-
dren aged 1 to 21 years had insufficient levels of VitD.?! Overall,
the prevalence of VitD insufficiency in children with asthma from
our study population is similar to that seen in general pediatric
populations living at similar northern latitudes.

Our univariate analysis demonstrated several statistically sig-
nificant variables. Age and body mass index both had significant
inverse correlations with serum VitD levels. These findings are
consistent with prior data."®?! In terms of lung function, FEV,

TABLE IV. Univariate analysis of serum VitD levels and medica-
tion use

Medication used,

sample size (n = 100) VitD level,t median (IQR) P value*

ICS (n = 60) ICS: 29 (21-36) .0475
No ICS: 35 (26-42)

Oral CS (n = 14) Oral CS: 25 (18-30) .02
No oral CS: 32 (25-40)

TCS (n = 69) TCS: 31 (23-40) .98
No TCS: 31 (24-38)

LTRA (n = 42) LTRA: 29 (25-37) .50
No LTRA: 32 (23-41)

LABA (n = 29) LABA: 25 (19-31) .0007
No LABA: 34 (27-42)

MVI (n = 6) MVI: 40 (27-53) 12
No MVI: 31 (23-39)

Total steroid dose p = —0.32§ .001

(mg)i (n = 64)

CS, Corticosteroid; IQR, interquartile range; LABA, long-acting B-agonist; LTRA,
leukotriene receptor antagonist; MVI, multivitamin; TCS, topical corticosteroid.
*The Wilcoxon test was used for median value differences for categorical variables.
Correlation was determined with the Spearman rank correlation coefficient for
continuous variables.

FVitD represents 25-hydroxyvitamin D. Categorical variables have comparison VitD
medians expressed in nanograms per milliliter with 25th to 75th interquartile ranges in
parentheses.

iTotal steroid dose includes inhaled plus oral corticosteroids.

§Correlation was determined with the Spearman rank correlation coefficient for total
steroid dose in the last row.

percent predicted and FEV,/FVC ratio were also significantly
correlated with VitD level. In a study using an adult National
Health and Nutrition Examination Survey sample of the general
population, subjects whose VitD levels were in the highest quin-
tile had significantly higher FEV, and FVC values.”> Some ele-
ments of atopy, such as log;o IgE level and the number of
positive aeroallergen skin test results, were inversely correlated
with VitD levels in serum, whereas eosinophil counts were not.
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FIG 2. VitD (VD)-potentiated DEX-mediated transactivation in human
PBMCs enhances DEX induction of MKP1 (A) and /L70 (B) mRNA. PBMCs
from patients with asthma were cultured with 10 nmol/L VitD or media
alone for 24 hours and supplemented with 10 or 100 nmol/L DEX for the
last 3 hours of culture. MKPT mRNA levels were detected by means of
real-time PCR and were normalized to actin mRNA. Values represent
means = SEMs (n = 11).

The relationship found between aeroallergen sensitivity and
lower VitD levels appears to be driven by perennial aeroallergens,
house dust mite and dog in particular. Clinically, correlations be-
tween lower VitD levels and markers of allergy in childhood
asthma have also been found by other investigators.12 With re-
spect to anaphylaxis, higher epinephrine autoinjector prescription
rates have been shown in northern latitudes (a presumed area of
low VitD levels) after controlling for socioeconomic factors.”
Importantly, our study also demonstrated significant associa-
tions between ICS use, oral corticosteroids use, and total steroid
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FIG 3. VitD augments DEX's effect on TSST-1-stimulated lymphocyte
proliferation in human PBMCs. PBMCs from healthy control subjects
were treated with DEX and VitD, as indicated in the Methods section.
Tritiated thymidine was added to the medium 18 hours before collecting
the cells. Cell division was estimated based on tritiated thymidine incor-
poration (n = 4).

dose with lower VitD levels. Our data are consistent with those of
a previous report of lower 25-hydroxyvitamin D levels in patients
taking daily oral glucocorticoids at doses of 15 to 100 mg.24 Cu-
mulative glucocorticoid dose exposure has been associated with
lower 25-hydoxyvitamin D levels in a more recent study on pa-
tients with systemic lupus erythematosus.25 One explanation for
our findings is that lower VitD levels contribute to increasing
asthma severity and a concomitant need for escalating pharmaco-
logic intervention, which frequently will entail inhaled and oral
glucocorticoid administration. An additional novel possibility
we considered is that VitD has effects on glucocorticoid pathways
and VitD insufficiency promotes the need for higher doses of
glucocorticoids to achieve treatment effect.

Upregulation of MKPI and IL10 expression is essential for
glucocorticoid-mediated anti-inflammatory and immunosuppres-
sive effects. Xystrakis et al*® reported that the addition of VitD
and DEX to cultures of CD4" regulatory T cells from subjects
with steroid-resistant asthma enhanced IL-10 secretion from
these cells to levels comparable to those seen in cells of steroid-
sensitive patients treated only with DEX. The study also demon-
strated that VitD blocked DEX-induced downregulation of the
glucocorticoid receptor in CD4 ™" cells from healthy volunteers.*®
When 3 steroid-resistant subjects were given small doses of VitD
for 7 days, all subjects showed enhanced ILI0 expression by
CD4" cells.”® This important finding has yet to be confirmed
by other investigators.

In the current study, we tested whether VitD enhances gluco-
corticoid induction of MKPI and IL10 in PBMCs using real-time
PCR and T-cell proliferation assays. The data suggest VitD en-
hancement of glucocorticoid action in PBMCs in asthmatic pa-
tients in vitro. Similarly, significant enhancement in DEX-
induced MKP1 and IL10 mRNA was observed after VitD pretreat-
ment in PBMCs from healthy control subjects, suggesting that
VitD’s effect was not exclusive for asthmatic patients.27 Also,
in vitro data demonstrate that VitD addition can decrease the ac-
tive dose of DEX greater than 10-fold. In an experimental model
of steroid resistance induced by staphylococcal superantigen, the
presence of VitD in culture restored the immunosuppressive func-
tion of DEX. The results of this study suggest that VitD supple-
mentation might potentiate the anti-inflammatory function of
corticosteroids in asthmatic patients.
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Our study has several limitations. First, our clinical data were
retrospective and relied on electronic medical record documen-
tation. Given the emerging data on possible relationships between
VitD and allergic diseases,”***® patients entering our day pro-
gram during the study period routinely had VitD levels drawn, ir-
respective of provider concerns for rickets or dietary deficiencies.
This minimized a bias toward lower VitD levels.

Second, the variability in the data, the sample size, and the
nonnormal distribution of several variables made it difficult to
create an efficient multivariate model to examine the strength of
the correlations noted in our univariate analyses.

Third, our small sample size and the tertiary nature of our
institution might limit the generalization of these findings to all
US children with asthma. One advantage of our data set is that our
patient’s live in multiple locations. Even though our median
latitude (39°N) was indicative of our institution’s location, only
30% of our subjects resided in Colorado, and our data set included
patients from a total of 28 different states representing a variety of
northern latitudes (18°N-49°N).

In summary, our study provides important information on VitD
levels and childhood asthma in higher northern latitudes. We were
able to show that VitD insufficiency in childhood asthma is
common and similar to that seen in the general population. We
found significant correlations between several markers of atopy
and lung function with VitD levels. Our study involved a high
number of oral steroid—dependent asthmatic patients and dem-
onstrated significant correlations between inhaled steroid use,
oral steroid use, and total steroid dose with VitD levels. This
finding supports our laboratory findings that VitD enhances the
anti-inflammatory effects of glucocorticoids. These findings have
important implications on potential future directions in asthma
research. First, these findings should be confirmed in a prospec-
tive fashion that involves the generation of an efficient multivar-
iate model. Second, further research should be directed at the use
of VitD supplementation as a potential steroid-sparing agent in
patients with moderate-to-severe persistent asthma, as well as a
modifier of asthma disease severity.

We thank Maureen Sandoval for help in preparing this manuscript.

Clinical implications: Our study suggests that VitD supplemen-
tation might potentiate anti-inflammatory function of cortico-

steroids in asthmatic patients and thereby improve asthma
control.

REFERENCES

1. Bateman ED, Hurd SS, Barnes PJ, Bousquet J, Drazen JM, FitzGerald M, et al.
Global strategy for asthma management and prevention: GINA executive sum-
mary. Eur Respir J 2008;31:143-78.

2. Epidemiology and Statistics Unit, Research and Program Services Division: Amer-
ican Lung Association. Trends in asthma morbidity and mortality. New York:
American Lung Association; 2009.

3. Liu AH, Covar RA, Spahn JD, Leung DYM. Childhood asthma. In: Kleigman RM,
Behrman RE, Jenson HB, Stanton B, editors. Nelson textbook of pediatrics. 18th
ed. Maryland Heights: Elsevier; 2007. p. 953-70.

=)

20.

21.

22.

23.

24.

25.

26.

217.

28.

J ALLERGY CLIN IMMUNOL
MAY 2010

. Expert Panel Report 3 (EPR-3): guidelines for the diagnosis and management

of asthma—summary report 2007. J Allergy Clin Immunol 2007;120(suppl):
594-138.

. Lipworth BJ. Systemic adverse effects of inhaled corticosteroid therapy: a system-

atic review and meta-analysis. Arch Intern Med 1999;159:941-55.

. Hubbard R, Tattersfield A, Smith C, West J, Smeeth L, Fletcher A. Use of inhaled

corticosteroids and the risk of fracture. Chest 2006;130:1082-8.

. Litonjua AA, Weiss ST. Is vitamin D deficiency to blame for the asthma epidemic?

J Allergy Clin Immunol 2007;120:1031-5.

. Camargo CA Jr, Rifas-Shiman SL, Litonjua AA, Rich-Edwards JW, Weiss ST,

Gold DR, et al. Maternal intake of vitamin D during pregnancy and risk of recur-
rent wheeze in children at 3 y of age. Am J Clin Nutr 2007;85:788-95.

. Wjst M. The vitamin D slant on allergy. Pediatr Allergy Immunol 2006;17:477-83.
. Gale CR, Robinson SM, Harvey NC, Javaid MK, Jiang B, Martyn CN, et al. Ma-

ternal vitamin D status during pregnancy and child outcomes. Eur J Clin Nutr
2008;62:68-77.

. Devereux G, Litonjua AA, Turner SW, Craig LC, McNeill G, Martindale S, et al.

Maternal vitamin D intake during pregnancy and early childhood wheezing. Am J
Clin Nutr 2007;85:853-9.

. Brehm JM, Celedon JC, Soto-Quiros ME, Avila L, Hunninghake GM, Forno E,

et al. Serum vitamin D levels and markers of severity of childhood asthma in Costa
Rica. Am J Respir Crit Care Med 2009;179:765-71.

. National Jewish Health Research Database. Available at: https://rdb.njc.org/

sec/r2prd/ep/home.cfm. Accessed October 20, 2009. Data set identifier: 8-523-
10202009.

. ARUP Laboratory Test Directory. Available at: http://www.aruplab.com/guides/ug/

tests/0080379.jsp. Accessed November, 2009.

. Misra M, Pacaud D, Petryk A, Collett-Solberg PF, Kappy M. Vitamin D deficiency

in children and its management: review of current knowledge and recommenda-
tions. Pediatrics 2008;122:398-417.

. Li LB, Goleva E, Hall CF, Ou LS, Leung DY. Superantigen-induced corticosteroid

resistance of human T cells occurs through activation of the mitogen-activated pro-
tein kinase kinase/extracellular signal-regulated kinase (MEK-ERK) pathway.
J Allergy Clin Immunol 2004;114:1059-69.

. NIH policy on reporting race and ethnicity data: subjects in clinical research. 2001.

Available at: http://grants.nih.gov/grants/funding/women_min/guidelines_amended_
10_2001.htm. Accessed December, 2009.

. Holick MF. Vitamin D deficiency. N Engl J] Med 2007;357:266-81.
. Gordon CM, Feldman HA, Sinclair L, Williams AL, Kleinman PK, Perez-Rossello

J, et al. Prevalence of vitamin D deficiency among healthy infants and toddlers.
Arch Pediatr Adolesc Med 2008;162:505-12.

Gordon CM, DePeter KC, Feldman HA, Grace E, Emans SJ. Prevalence of vitamin
D deficiency among healthy adolescents. Arch Pediatr Adolesc Med 2004;158:
531-7.

Kumar J, Muntner P, Kaskel FJ, Hailpern SM, Melamed ML. Prevalence and asso-
ciations of 25-hydroxyvitamin D deficiency in US children: NHANES 2001-2004.
Pediatrics 2009 [Epub ahead of print].

Black PN, Scragg R. Relationship between serum 25-hydroxyvitamin D and pul-
monary function in the Third National Health and Nutrition Examination Survey.
Chest 2005;128:3792-8.

Camargo CA Jr, Clark S, Kaplan MS, Lieberman P, Wood RA. Regional differ-
ences in EpiPen prescriptions in the United States: the potential role of vitamin
D. J Allergy Clin Immunol 2007;120:131-6.

Klein RG, Arnaud SB, Gallagher JC, Deluca HF, Riggs BL. Intestinal calcium ab-
sorption in exogenous hypercortisonism. Role of 25-hydroxyvitamin D and corti-
costeroid dose. J Clin Invest 1977;60:253-9.

Toloza SM, Cole DE, Gladman DD, Ibanez D, Urowitz MB. Vitamin D insuffi-
ciency in a large female SLE cohort. Lupus 2010;19:13-9.

Xystrakis E, Kusumakar S, Boswell S, Peek E, Urry Z, Richards DF, et al. Revers-
ing the defective induction of IL-10-secreting regulatory T cells in glucocorticoid-
resistant asthma patients. J Clin Invest 2006;116:146-55.

Zhang Y, Goleva E, Leung DY. Vitamin D enhances glucocorticoid-induced
mitogen-activated protein kinase phosphatase-1 (MKP-1) expression and their
anti-proliferative effect in peripheral blood mononuclear cells. J Allergy Clin Im-
munol 2009;123:S121 [Abstract #459].

Schauber J, Gallo RL. Antimicrobial peptides and the skin immune defense
system. J Allergy Clin Immunol 2008;122:261-6.


https://rdb.njc.org/sec/r2prd/ep/home.cfm
https://rdb.njc.org/sec/r2prd/ep/home.cfm
http://www.aruplab.com/guides/ug/tests/0080379.jsp
http://www.aruplab.com/guides/ug/tests/0080379.jsp
http://grants.nih.gov/grants/funding/women_min/guidelines_amended_10_2001.htm
http://grants.nih.gov/grants/funding/women_min/guidelines_amended_10_2001.htm

	Decreased serum vitamin D levels in children with asthma are associated with increased corticosteroid use
	Methods
	Subjects
	Data collection
	Statistical analysis

	Results
	Subjects’ characteristics
	Clinical associations
	Laboratory assessment of VitD’s effects on corticosteroid action

	Discussion
	References


