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Purpose of review

To review the literature of the past 18 months (April 2017 through September, 2018) relating to vitamin D
and childhood asthma.

Recent findings

A combined analysis of two clinical trials of maternal vitamin D supplementation trials showed a significant
protective effect of vitamin D supplementation trials in the primary prevention of asthma and recurrent
wheeze up to age 3 years. Secondary analyses from these trials have also suggested that initial maternal
vitamin D status could affect the response to supplementation during pregnancy, with the biggest protective
effect in children born to mothers with initial 25hydroxyvitamin D (25OHD) levels of at least 30 ng/ml. A
postnatal, 6-month vitamin D supplementation trial in black, premature babies showed a 34% decreased
risk of recurrent wheezing at 1 year among the infants who received supplementation. An individual
patient data meta-analysis of published clinical trials concluded that vitamin D supplementation decreased
the risk of asthma exacerbations in those with 25OHD levels less than 10 ng/ml. Results of observational
analyses on primary prevention of asthma and in prevention of exacerbations remain mixed, with the bulk
of the evidence suggesting that there is a protective effect of higher vitamin D levels.

Summary

Evidence continues to accumulate that vitamin D supplementation helps to prevent the development of
asthma and recurrent wheeze in early life, and may also help in the management of asthma. The level(s)
of circulating vitamin D that maximizes these effects remains to be identified.
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INTRODUCTION

The role of vitamin D in the development and man-
agementof asthma remainsan activearea of research.
The purpose of this review is to synthesize the liter-
ature over the past 18 months. Articles relating to
vitamin D and childhood asthma published roughly
between April 2017 and September 2018 were
included. Although outside of the time period, two
vitamin D prenatal supplementation trials were pub-
lished in early 2016 and were included in this review.

Most of the studies that have been published
continue to come from observational cohorts. The
availability of a stable biomarker of vitamin D status –
25 hydroxyvitamin D (25OHD) – has facilitated
research in this field. However, many measurement
methods are available and these have provided vari-
able results whose reliability have been brought into
question, prompting efforts for standardization and
for assessment of quality [1,2]. In addition to the issue
of vitamin D status measurement, readers should be
cognizant of other issues relating to studying vitamin
 2019 Wolters Kluwer H
D in observational cohorts. These include widespread
vitamin D deficiency and insufficiency (thus, making
it harder to find signals related to higher levels), the
seasonal variation in the Northern hemisphere of
vitamin D status (unless sufficient supplementation
is obtained), and measuring vitamin D status at one
point and relating this to outcomes months or years
later [3

&&

]. Although clinical trials are the gold stan-
dard for evidence, readers should also be aware that
nutrient supplementation trials have additional
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KEY POINTS

� Vitamin D insufficiency and deficiency have been
related to asthma development and
asthma exacerbations.

� Results of new clinical trials and secondary analyses of
these trials suggest that prenatal supplementation and
postnatal supplementation with vitamin D have the
potential to prevent the development of asthma and
recurrent wheeze.

� Individual participant data meta-analysis has shown
that vitamin D supplementation may prevent asthma
exacerbations, particularly in those patients with very
low initial circulating vitamin D levels (25OHD
<10 ng/ml or 25 nmol/l).
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considerations compared with pharmacologic trials
in that all participants have a baseline intake and
circulating level of the nutrient, which should be
addressed in the trial design [4]. Throughout this
review, these issues will be raised when appropriate,
to help with the interpretation of the findings.
ASTHMA DEVELOPMENT

Vitamin D deficiency has been hypothesized to
contribute to the increase in incidence of asthma.
Mechanistic studies in animal models and human
in-vitro studies have shown that vitamin D is
involved in fetal lung development and lung matu-
ration, and in immune cell function [5

&

,6
&

].
Observational studies

As asthma begins early in life, it is hypothesized that
maternal exposures during pregnancy, in this case
vitamin D status of the mother, might play a role in
the development of asthma and allergies. Three
observational studies of either maternal vitamin D
status in pregnancy [7,8] or estimates of maternal
intakes in pregnancy [9], and two meta-analyses
[10,11] of observational data were published during
this time period. Boyle et al. [7] analyzed data for 922
mother–child pairs from the Auckland, New Zea-
land center of the international Screening for Preg-
nancy Endpoints (SCOPE) cohort study. Mothers
were originally recruited at 15 weeks gestation
and blood was obtained for later processing of
25OHD levels. They re-contacted the women for
follow-up of their children between 5 and 6.25 years.
Although maternal levels of 25OHD tended to be
lower for children with asthma and eczema, these
were not statistically significant. Vereen et al. [8]
studied 853 women from the Conditions Affecting
 Copyright © 2019 Wolters Kluwe
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Neurocognitive Development and Learning in Early
Childhood (CANDLE), a prospective cohort in Mem-
phis, Tennessee. Women were enrolled at 16–28
weeks gestation and the children were followed
through 3 years of age, and 25OHD levels were
measured at enrollment and at delivery. They only
reported a protective effect of second trimester
25OHD levels on current wheeze at 3 years in white
children[ adjusted odds ratio (aOR)¼0.44, 95% con-
fidence interval (CI)¼0.19–0.99 for 25OHD in the
highest tertile compared with levels in the lower
tertile]. They neither find any statistically signifi-
cant associations in 25OHD levels at delivery among
the white children nor in 25OHD levels at either
time point among the black children. The limita-
tions of both these studies is that associations were
reported with only one measure of vitamin D status.
The investigators of the CANDLE study did look at
the joint effect on current wheezing in children
born to mothers with levels in the highest tertiles
at both time points (enrollment and delivery) vs.
children born to mothers in the lowest tertiles at
both time points and found a stronger effect only
among white children (aOR¼0.33, 95% CI¼0.11–
0.96; K.N. Carroll, personal communication).

In the third observational study, Parr et al. [9]
reported on results from the Norwegian Mother and
Child Cohort. They reported on 61 676 school-age
children who had estimated nutrient intakes for
vitamin A and vitamin D from food frequency ques-
tionnaires administered at around 20 weeks gesta-
tion. Children born to mothers with the highest
quintile of vitamin D intake (�13.6 mg/day, equiva-
lent to �544 IU/day) compared with mothers with
the lowest quintile (�3.5 mg/day, equivalent to
�140 IU/day) had decreased risk for asthma at 7 years
(aRR¼0.81, 95% CI¼0.67–0.97). This effect of
maternal intake was independent of infant supple-
mentation assessed at 6 months of age. Of note,
these estimates of daily intake are quite low com-
pared with intakes among US women. Additionally,
dietary assessment by food frequency questionnaire
generally reflect chronic intakes of a nutrient, which
is different from a one-time measurement of
25OHD. However, dietary assessment does not
account for nondietary acquisition of vitamin D
(i.e. by sun exposure) as opposed to measurement
of 25OHD.

Two meta-analyses of previously published stud-
ies, not including the three studies cited above, were
published during the review period. In the study by
Feng et al. [10], they report nonsignificant protective
associations between higher maternal 25OHD con-
centrations and offspring asthma and wheeze. The
results were stronger when they analyzed studies
that measured cord blood 25OHD and offspring
r Health, Inc. All rights reserved.
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wheeze. The meta-analysis by Shen et al. [11] also
found nonsignificant associations between mater-
nal 25OHD concentrations and offspring asthma,
but also found a significant inverse association
between vitamin D intake and childhood asthma.

Although prenatal vitamin D status may affect
the risk for asthma in the offspring, vitamin D
deficiency early in life may also increase the risk
for asthma as the child grows. One study investi-
gated the effect of dietary vitamin D intakes in the
first 4 years of life and asthma development by the
fifth year [12]. In this case–control study nested in
the Finnish Type 1 Diabetes Prediction and Preven-
tion study, the investigators found that higher vita-
min D intake particularly in the first 2 years
increased the risk for asthma by age 5 years. The
mean estimated intakes for the first 2 years for either
case or control ranged from 3.05 mg/day (equivalent
to 121.6 IU/day) to 5.84 mg/day (equivalent to
233.6 IU/day). These are very low amounts of intake.
Aside from the low amounts of intake, one must be
wary of these results as the study neither account for
prenatal vitamin D status of the mothers, nor the
initial vitamin D status of the children.
Clinical trials

Vitamin D deficiency in pregnant mothers has been
hypothesized to contribute to the development of
asthma. To address this, two clinical trials of prenatal
vitamin D supplementation were published in 2016.
The Vitamin D Antenatal Asthma Reduction Trial
(VDAART) randomized 881 women to 4400 vs. 400
IUvitaminD/day,beginningatabout the14thweekof
gestation [13]. The trial showeda 20%reduction in the
incidence of the composite outcome of asthma or
recurrent wheeze by age 3 years and was of borderline
statistical significance (P¼0.051). A second trial from
the Copenhagen Prospective Studies on Asthma in
Childhood 2010 (COPSAC2010) randomized 623
women at 24 weeks of pregnancy, also showed a
nonsignificant protective effect of supplementation
with 2800 vs. 400 IU/day vitamin D beginning in the
26th week of gestation on persistent wheeze (hazard
ratio 0.76, 95% CI�0.52 to 1.12) and asthma at 3 years
(OR¼0.82, 95% CI 0.50–1.36). Several issues in the
design of the studies have come to light. First, neither
trial made initial vitamin D level a criterion for entry
into the trial (e.g. only taking those who were deficient
on entry). It has become clear that nutrient trials are
not the same as pharmacologic trials as all participants
have somebaselinecirculating levelof thenutrient [4].
Thus, all participants are exposed to vitamin D to
different degrees, and this baseline exposure may
confound the results. Secondly, neither trial supple-
mented the infants postnatally. Thus, the results can
 Copyright © 2019 Wolters Kluwer H
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only speak to prenatal supplementation and not post-
natal supplementation. Hollams et al. [14] showed
that the number of 25OHD measures below 20ng/
ml over the first 10 years of life was positively associ-
ated with the risk for asthma/wheeze and allergic
outcomes at 10 years of age in a birth cohort of
Australian children. These issuesmotivatedadditional
analyses of the trial data.

In secondary analysis of data from the VDAART
study, Wolsk et al. [15

&&

] investigated the effect of
the initial maternal 25OHD level on entry into the
trial. They showed that children born to the mothers
with the higher 25OHD levels on entry, and who
were randomized to the high vitamin D arm, had
the lowest risks for asthma or recurrent wheeze by
the age of 3 years (Fig. 1). Additional findings from
that analysis showed that the effects of vitamin D
supplementation with 4400 IU/day had the same
effects in blacks and nonblacks (Caucasians and
Hispanics) in the study. In a second series of anal-
yses, Wolsk et al. [16

&&

] performed a meta-analysis of
the data from both the VDAART and the COPSAC
trials. In the meta-analysis, they showed that sup-
plementation with vitamin D in pregnancy con-
ferred a protective effect against offspring asthma
and recurrent wheeze by age 3 years. This combined
analysis also confirmed that higher initial maternal
levels (at least 30 ng/ml) on entry into the studies
and being randomized to the supplement arm, con-
ferred greater protection against asthma and recur-
rent wheeze by age 3. These results suggest that a
higher maternal 25OHD level early in pregnancy
and supplementation to maintain these levels are
needed to maximally prevent the development of
asthma and recurrent wheeze in the offspring.

Both VDAART and COPSAC did not undertake
vitamin D supplementation in the infants and chil-
dren. A recent trial suggests that postnatal supple-
mentation may be important. Hibbs et al. [17

&&

]
recently published the results of the D-Wheeze trial.
They recruited 300 black infants who were born
prematurely (born at 28–36 weeks gestation), and
randomized them to either a sustained supplemen-
tation group vs. a diet-limited supplementation
group. All infants from both groups received a daily
open-label multivitamin containing 400 IU of vita-
min D, until they were ingesting 200 IU/day of
vitamin D from formula or human milk fortifiers.
At this point, they received the blinded study drug
containing 400 IU/day of vitamin D (sustained sup-
plementation group) or placebo (diet-limited
group). Study drugs were given until the children
reached 6 months adjusted gestational age. Addi-
tionally, all infants who were exclusively fed with
maternal milk received the multivitamin until they
reached 12 months of age. In this population, rates
ealth, Inc. All rights reserved.
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FIGURE 1. Prenatal vitamin D supplementation and asthma or recurrent wheeze in offspring at age 3 years, stratified by
initial maternal 25OHD. The effect on prevention of childhood asthma and recurrent wheeze was the greatest in children
born to mothers who had initial 25OHD levels of at least 40 ng/ml and who were randomized to 4400 IU/day of
cholecalciferol (odds ratio¼0.13, 95% CI 0.02–0.99). There was a significant trend over the effects of categories of
25OHD in the 4400 IU/day arm (P¼0.03). Figure is redrawn from data presented in Table E5 in the online repository of
Wolsk et al. [15&&].
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of recurrent wheezing were high – 31.1% in the
sustained vitamin D supplementation arm vs.
41.8% in the diet-limited arm – and the results
showed a 34% decreased risk for recurrent wheezing
by 12 months among infants in the sustained vita-
min D supplementation arm compared with infants
who were randomized to the diet-limited supple-
mentation arm (relative risk¼0.66, 95% CI 0.47–
0.94). Although this report looked at recurrent
wheezing as the primary outcome, infants with
recurrent wheezing are at greater risk for developing
asthma later in life. Additional trials including non-
black and nonpremature infants are needed to deter-
mine the generalizability of the D-Wheeze study
findings. Overall, further studies are needed to
determine whether both prenatal and postnatal
supplementation can further decrease the risk of
wheezing illnesses and asthma in children, and
 Copyright © 2019 Wolters Kluwe
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whether more prolonged supplementation will
be needed.
ASTHMA EXACERBATIONS, ASTHMA
CONTROL, AND RELATED PHENOTYPES

Insufficient and deficient vitamin D status has been
related to increased risks for worse asthma outcomes
[18,19]. Vitamin D has been hypothesized to play a
role with asthma management, given its effects on
immune cell function [6

&

], on corticosteroid respon-
siveness through various pathways including those
that involve IL-10 [20], IL-17 [21], on oxidative stress
[22], and on airway remodeling [23]. Observational
studies have measured 25OHD levels in participants,
investigating associations between those levels and
asthma control. Majority of the published clinical
trials were performed in adults.
r Health, Inc. All rights reserved.
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Observational studies

Many observational studies have related vitamin D
status with risks for asthma exacerbations or indices
of more severe asthma. Most of the published studies
have performed cross-sectional associations with sin-
gle measurements of 25OHD and asthma severity,
and as expected, results have been mixed, with some
showing more symptoms [24], increased risks for
exacerbations [25], poorer asthma control [26], and
lower lung function with low 25OHD levels; [24]
others show no association with levels; [27,28]
whereas others report an inverse association between
asthma and 25OHD levels [29]. The cross-sectional
nature of these studies are a limitation, in addition to
the single measurement of 25OHD levels.

Vitamin D has been shown in cellular studies to
enhance antioxidant responses to exposures [30

&

].
Using data from 6-to-17-year-old participants from
several National Health and Nutrition Examination
Surveys (2007– 2012), Han et al. [31] showed that
among children with asthma, 25OHD levels modi-
fied the effect of exposure to polycyclic aromatic
hydrocarbons (PAH, measured by levels of urinary
metabolites), such that those with low 25OHD levels
(<30 ng/ml) had lower lung function with higher
exposure to PAH. Additional studies are needed to
investigate the modifying effects of vitamin D status
on exposures related to oxidative stress.
Clinical trials

A clinical trial among 2–14-year-old children was
conducted in Qatar [32], to test whether an inter-
vention to rapidly supplement vitamin D vs. main-
tenance supplementation in vitamin D deficient
children could prevent asthma exacerbations. Alan-
sari and colleagues randomized 256 children to
either IM ergocalciferol combined with oral chole-
calciferol (’rapid’) or to maintenance oral cholecal-
ciferol, and showed that the rapid supplementation
prevented exacerbations but only in the first
3 months of beginning supplementation, and only
in the children with the lowest levels of 25OHD. It is
unclear whether there were any differences in the
25OHD levels of the children in each arm after
supplementation was begun.

A prior Cochrane review and meta-analysis of
clinical trials found that vitamin D supplementation
decreased asthma exacerbations [33]. However, as
aggregate data from clinical trials was used, it was
unclear whether initial levels modified the effect of
vitamin D supplementation. Jolliffe et al. [34

&&

]. con-
ducted a meta-analysis of individual participant data
on 955 participants from seven studies and showed
thatvitamin D supplementation decreased the rate of
asthma exacerbations in those with baseline 25OHD
 Copyright © 2019 Wolters Kluwer H
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levels less than 10 ng/ml (25 nmol/l): adjusted inci-
dence rate ratio (aIRR) 0.33, 95% CI 0.11–0.98).
Although a protective effect was also seen for partic-
ipants with higher baseline levels of 25OHD, the
effect was not statistically significant: aIRR 0.77,
95% CI 0.58–1.03). Most of the data in this IPD
analysis came from patients older than 16 years of
age, and only 30.4% came from participants less than
16 years of age. In my opinion, further studies need to
be done in children. A vitamin D supplementation
trial in children 6–16 years of age is currently ongo-
ing (Vit-D-Kids Asthma, ClinicalTrials.gov Identifier:
NCT02687815).
CONCLUSION

Evidence continues to accumulate from clinical trials
regarding the protective effects of vitamin D supple-
mentation on the development of asthma and its
beneficial effects in the management ofasthma. How-
ever, the 25OHD level at which beneficial effects in
either disease prevention or disease management can
be definitively seen remains unclear, and more stud-
ies are needed. Results from observational studies
continue to be mixed, with more studies showing a
beneficial effect.Aside fromthe cross-sectionalnature
of many of these studies, issues relating to vitamin D
levels limit conclusions from these observational
studies. Despite these issues, as it is a relatively low-
cost and well tolerated intervention, supplementa-
tion with vitamin D to reverse deficiency and insuffi-
ciency in childhood asthmatics should be considered
in the management of the disorder.

Acknowledgements

None.

Financial support and sponsorship

Dr Litonjua is funded by grants from the National Insti-
tutes of Health: R01 HL091528 and UG3 OD023268.

Conflicts of interest

Dr Litonjua has received author royalties from UpTo-
Date, Inc and consultant fees from AstraZeneca, LP in
the past 5 years.

REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1. Binkley N, Carter GD. Toward clarity in clinical vitamin d status assessment:
25 (OH)D assay standardization. Endocrinol Metab Clin North Am 2017;
46:885–899.

2. Carter GD, Berry J, Durazo-Arvizu R, et al. Hydroxyvitamin D assays: an
historical perspective from DEQAS. J Steroid Biochem Mol Biol 2018;
177:30–35.
ealth, Inc. All rights reserved.

Volume 19 � Number 2 � April 2019



Vitamin D and childhood asthma Litonjua
3.
&&

Bashir A, Litonjua AA. Observational studies of vitamin D associations with
asthma: problems and pitfalls. Pediatr Pulmonol 2018; 53:1338–1339.

This editorial summarizes the issues that plague observational studies of vitamin D.
Consideration of the issues raised in this editorial will help design studies and will
aid in considering limitations that will affect interpretation of studies.
4. Heaney RP. Guidelines for optimizing design and analysis of clinical studies of

nutrient effects. Nutr Rev 2014; 72:48–54.
5.
&

Hornsby E, Pfeffer PE, Laranjo N, et al. Vitamin D supplementation during
pregnancy: effect on the neonatal immune system in a randomized controlled
trial. J Allergy Clin Immunol 2018; 141:269.e1–278.e1.

This secondary analysis of the VDAART study shows an effect of prenatal vitamin D
supplementation on cord blood immune responses.
6.
&

Pfeffer PE, Hawrylowicz CM. Vitamin D in asthma: mechanisms of action and
considerations for clinical trials. Chest 2018; 153:1229–1239.

A review of mechanisms of vitamin D that are relevant for asthma.
7. Boyle VT, Thorstensen EB, Thompson JMD, et al. The relationship between

maternal 25-hydroxyvitamin D status in pregnancy and childhood adiposity
and allergy: an observational study. Int J Obes (Lond) 2017; 41:1755–1760.

8. Vereen S, Kocak M, Potukuchi PK, et al. The association of maternal prenatal
vitamin D levels and child current wheeze. Ann Allergy Asthma Immunol 2018;
120:98–99.

9. Parr CL, Magnus MC, Karlstad O, et al. Vitamin A and D intake in pregnancy,
infant supplementation, and asthma development: the Norwegian Mother and
Child Cohort. Am J Clin Nutr 2018; 107:789–798.

10. Feng H, Xun P, Pike K, et al. In utero exposure to 25-hydroxyvitamin D and risk
of childhood asthma, wheeze, and respiratory tract infections: a meta-analysis
of birth cohort studies. J Allergy Clin Immunol 2017; 139:1508–1517.

11. Shen SY, Xiao WQ, Lu JH, et al. Early life vitamin D status and asthma and
wheeze: a systematic review and meta-analysis. BMC Pulm Med 2018; 18:120.

12. Nwaru BI, Hadkhale K, Hamalainen N, et al. Vitamin D intake during the first
4 years and onset of asthma by age 5: a nested case-control study. Pediatr
Allergy Immunol 2017; 28:641–648.

13. Litonjua AA, Carey VJ, Laranjo N, et al. Effect of prenatal supplementation with
vitamin D on asthma or recurrent wheezing in offspring by age 3 years: the
VDAART Randomized Clinical Trial. JAMA 2016; 315:362–370.

14. Hollams EM, Teo SM, Kusel M, et al. Vitamin D over the first decade and
susceptibility to childhood allergy and asthma. J Allergy Clin Immunol 2017;
139:472.e9–481.e9.

15.
&&

Wolsk HM, Harshfield BJ, Laranjo N, et al. Vitamin D supplementation in
pregnancy, prenatal 25 (OH)D levels, race, and subsequent asthma or recurrent
wheeze in offspring: secondary analyses from the Vitamin D Antenatal Asthma
Reduction Trial. J Allergy Clin Immunol 2017; 140:1423.e5–1429.e5.

This secondary analysis of the VDAART study is the first to show that the effect of
prenatal supplementation with vitamin D on asthma and recurrent wheeze is
modified by the initial maternal level of circulating vitamin D early in pregnancy.
This work suggests that having a higher vitamin D level at the beginning of
pregnancy and maintaining the level throughout pregnancy maximizes the pre-
ventive effect of vitamin D on asthma and recurrent wheeze in offspring.
16.
&&

Wolsk HM, Chawes BL, Litonjua AA, et al. Prenatal vitamin D supplementation
reduces risk of asthma/recurrent wheeze in early childhood: a combined
analysis of two randomized controlled trials. PLoS One 2017; 12:e0186657.

This meta-analysis of data from VDAART and COPSAC, the two prenatal vitamin D
supplementation trials, shows a significant effect of vitamin D supplementation.
This analysis also confirms that a higher vitamin D level early in pregnancy
modulates the response to vitamin D supplementation.
17.
&&

Hibbs AM, Ross K, Kerns LA, et al. Effect of vitamin D supplementation on
recurrent wheezing in black infants who were born preterm: the D-Wheeze
Randomized Clinical Trial. JAMA 2018; 319:2086–2094.

This is the first study that shows that postnatal supplementation with vitamin D in
premature black infants decreases the risk for recurrent wheeze at 1 year. The
results of this trial complements the results of the prenatal supplementation trials.
 Copyright © 2019 Wolters Kluwe

1528-4050 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
18. Brehm JM, Celedon JC, Soto-Quiros ME, et al. Serum vitamin D levels and
markers of severity of childhood asthma in Costa Rica. Am J Respir Crit Care
Med 2009; 179:765–771.

19. Brehm JM, Schuemann B, Fuhlbrigge AL, et al. Serum vitamin D levels and
severe asthma exacerbations in the Childhood Asthma Management Program
study. J Allergy Clin Immunol 2010; 126:52.e5–58.e5.

20. Xystrakis E, Kusumakar S, Boswell S, et al. Reversing the defective induction
of IL-10-secreting regulatory T cells in glucocorticoid-resistant asthma
patients. J Clin Invest 2006; 116:146–155.

21. Chambers ES, Nanzer AM, Pfeffer PE, et al. Distinct endotypes of steroid-
resistant asthma characterized by IL-17A (high) and IFN-gamma (high)
immunophenotypes: potential benefits of calcitriol. J Allergy Clin Immun
2015; 136:628.

22. Lan N, Luo G, Yang X, et al. 25-hydroxyvitamin D3-deficiency enhances
oxidative stress and corticosteroid resistance in severe asthma exacerbation.
PLoS One 2014; 9:e111599.

23. Gupta A, Sjoukes A, Richards D, et al. Relationship between serum vitamin D,
disease severity, and airway remodeling in children with asthma. Am J Respir
Crit Care Med 2011; 184:1342–1349.

24. Han YY, Forno E, Celedon JC. Vitamin D insufficiency and asthma in
a US nationwide study. J Allergy Clin Immunol Pract 2017; 5:
790.e1–796.e1.

25. Szentpetery SE, Han YY, Brehm JM, et al. Vitamin D insufficiency, plasma
cytokines, and severe asthma exacerbations in school-aged children. J Allergy
Clin Immunol Pract 2018; 6:289.e2–291.e2.

26. Havan M, Razi CH, Bulus AD, Koksal AO, Andiran N. Effects of 25 hydroxy
vitamin D levels on the severity and asthma control in school age asthma
patients. Arch Argent Pediatr 2017; 115:336–342.

27. Omand JA, To T, O’Connor DL, et al. 25-hydroxyvitamin D and health service
utilization for asthma in early childhood. Pediatr Pulmonol 2018;
53:1018–1026.

28. Reinehr T, Langrock C, Hamelmann E, et al. 25-Hydroxvitamin D concentra-
tions are not lower in children with bronchial asthma, atopic dermatitis,
obesity, or attention-deficient/hyperactivity disorder than in healthy children.
Nutr Res 2018; 52:39–47.

29. Tromp IIM, Franco OH, van den Hooven EH, et al. 25-Hydroxyvitamin D
concentrations, asthma and eczema in childhood: the generation R study. Clin
Nutr 2018; 37:169–176.

30.
&

Pfeffer PE, Lu H, Mann EH, et al. Effects of vitamin D on inflammatory and
oxidative stress responses of human bronchial epithelial cells exposed to
particulate matter. PLoS One 2018; 13:e0200040.

An in-vitro study showing the effects of vitamin D on modification of the response to
oxidative stress exposures.
31. Han YY, Rosser F, Forno E, Celedon JC. Exposure to polycyclic aromatic

hydrocarbons, vitamin D, and lung function in children with asthma. Pediatr
Pulmonol 2018; 53:1362–1368.

32. Alansari K, Davidson BL, Yousef KI, et al. Rapid vs maintenance vitamin d
supplementation in deficient children with asthma to prevent exacerbations.
Chest 2017; 152:527–536.

33. Martineau AR, Cates CJ, Urashima M, et al. Vitamin D for the management of
asthma. Cochrane Database Syst Rev 2016; 9:CD011511.

34.
&&

Jolliffe DA, Greenberg L, Hooper RL, et al. Vitamin D supplementation
to prevent asthma exacerbations: a systematic review and meta-
analysis of individual participant data. Lancet Respir Med 2017;
5:881–890.

This is the first individual participant data meta-analysis of vitamin D clinical
trials. The results show that vitamin D supplementation helps to prevent
asthma exacerbations, particularly in those with a very low circulating vitamin
D level (25OHD <10 ng/ml or 25 nmol/l). Only about a third of the data
was contributed by children, thus, more trials are needed in childhood
asthmatics.
r Health, Inc. All rights reserved.

rved. www.co-allergy.com 131


