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Purpose of review

Asthma exhibits significant heterogeneity in occurrence and severity over the lifespan. Our goal is to
discuss recent evidence regarding determinants of the natural history of asthma during childhood, and
review the rationale behind and status of major efforts to alter its course.

Recent findings

Variations in microbial exposures are associated with risk of allergic disease, and the use of bacterial
lysates may be a promising preventive strategy. Exposure to air pollution appears to be particularly
damaging in prenatal and early life, and interventions to reduce pollution are feasible and result in clinical
benefit. E-cigarette use may have a role in harm reduction for conventional cigarette smokers with asthma,
but has undefined short-term and long-term effects that must be clarified. Vitamin D insufficiency over the
first several years of life is associated with risk of asthma, and vitamin D supplementation reduces the risk
of severe exacerbations.

Summary

The identification of risk factors for asthma occurrence, persistence and severity will continue to guide
efforts to alter the natural history of the disease. We have reviewed several promising strategies that are
currently under investigation. Vitamin D supplementation and air pollution reduction have been shown to
be effective strategies and warrant increased investigation and implementation.
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INTRODUCTION

Asthma is a developmental disease: the majority of
cases are diagnosed by age 6 [1], and lung function
abnormalities may be present in early infancy [2–4].
However, diagnosis in early childhood may be dif-
ficult as preschool wheeze has a variety of causes
including bronchiolitis [5,6]. Almost 50% of chil-
dren report wheeze before age 6, but 40% of these
children experience resolution of wheeze between
the ages of 3 and 6 [7].

The existence of distinct trajectories of child-
hood wheeze, and of asthma more generally,
represents a challenge to the elucidation of the
natural history of the disease. Several phenotypes
of preschool wheeze have been identified and
indices have been developed to predict the devel-
opment of subsequent asthma by midchildhood
[8,9]. Children with preschool wheeze in the
Tucson Children’s Respiratory Study cohort were
categorized in three groups: early transient wheez-
ers with symptoms by age 3 and resolution by age
6, persistent wheezers with symptoms by age 3
ht © 2017 Wolters Kluwe
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that persisted at age 6 and late-onset wheezers
with symptom onset between ages 3 and 6 [7].
Approaches employing machine learning compu-
tational techniques to distinguish asthma pheno-
types have largely corroborated the existence of
groups defined by early life wheeze (transient or
prolonged), late-onset wheeze and persistent
wheeze (controlled or troublesome) [10,11]. This
work has led to the identification of major risk
r Health, Inc. All rights reserved.
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KEY POINTS

� Efforts are ongoing to describe and predict trajectories
of asthma occurrence and severity over the lifespan.

� A large and growing body of evidence has linked
microbial exposures and risk of allergic disease, and
the use of bacterial lysates in asthma prevention is
currently under study.

� Interventions to reduce air pollution are feasible, result
in demonstrable improvement in lung function
development and may have the greatest impact during
prenatal and early life.

� The health effects of e-cigarette use in those with
asthma must be clarified before a role of e-cigarette use
in smokers with asthma can be defined.

� Vitamin D plays an important role in immune and
pulmonary development, and vitamin D
supplementation reduces asthma exacerbations in
adults with mild-to-moderate asthma.

Pediatric asthma and development of atopy
factors for persistent wheeze, including atopy,
relatively high asthma morbidity in early life
and maternal history of asthma [5,6,10].

Although childhood wheeze may resolve by
adulthood [12,13], lung function abnormalities fre-
quently persist later in life [14–16]. A recent study
[17

&&

] demonstrated distinct trajectories of lung
function in nearly 700 children with mild-to-mod-
erate asthma followed to an average age of 26 with
annual lung function assessments. Four patterns
were identified based on forced expiratory volume
in 1 second (FEV1) measurements with approxi-
mately equal numbers of individuals in each group:
normal lung development, normal lung growth
with an early decline in lung function, reduced lung
growth with no early decline in lung function and
reduced lung growth with an early decline in lung
function. Risk factors for abnormal longitudinal
patterns include maternal smoking, reduced lung
function at enrollment, increased airway hyperres-
ponsiveness, vitamin D insufficiency and male sex.

Although additional research is needed to
further characterize asthma subtypes and deter-
minants of their courses over the lifespan, there
have been advances in strategies to alter the natural
history of asthma. In this review, we discuss medical
management in early childhood, prevention of
smoke and air pollution exposure, modification of
microbial exposures and vitamin D supplement-
ation. Other relevant topics reviewed elsewhere in
this issue include allergy and viral respiratory infec-
tion prevention (reviewed by Daniel Jackson) and
prenatal exposures (reviewed by Tina Hartert).
 Copyright © 2017 Wolters Kluwer 
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MEDICAL MANAGEMENT IN EARLY
CHILDHOOD

Among medical treatments for control of recurrent
preschool wheeze, which are reviewed in this issue
by Avraham Beigelman, inhaled corticosteroid
use has accrued the most evidence of effectiveness
[18–21], with less evidence supporting the use of
leukotriene inhibitors [22]. A recent multicenter
randomized crossover trial demonstrated hetero-
geneity in response to treatment: 74% of 230
children aged 12–59 months who require a daily
controller medication had a differential response to
treatment with daily inhaled corticosteroids, inter-
mittent inhaled corticosteroids and leukotriene
receptor antagonists. Of those with differential
response to treatment, daily inhaled corticosteroids
had the highest probability of producing the
best response [23].

As the prevalence of and morbidity from asthma
and wheeze are high during early childhood, inter-
ventions during this period may be expected to
impact lung function and asthma control later in
life. Unfortunately, randomized placebo-controlled
trials have not found that inhaled corticosteroid
treatment during the preschool years alters the
natural history of asthma or persistent wheeze
[24–26], though no trials have investigated the
consistent and long-term use of daily controller
therapy [5]. Anti-immunoglobulin E therapy with
omalizumab is currently under investigation as a
treatment to prevent asthma in high-risk preschool
children (NCT02570984).
PREVENTION OF SMOKE EXPOSURE IN
THE ELECTRONIC-CIGARETTE ERA

There is abundant evidence that smoke exposure
worsens [27–31] and smoking cessation improves
[32,33] asthma control and lung function.
Electronic cigarettes, or e-cigarettes, are battery-
powered nicotine delivery systems that are thought
to reduce toxic and carcinogenic exposures com-
pared with combustible conventional cigarettes
[34

&

,35,36].
E-cigarette use has become widespread in the

United States. In 2014, 12.6% of adults had ever used
an e-cigarette, and 3.7% were current users [37]. The
majority of adult users of e-cigarettes were current or
former users of conventional cigarettes, suggesting
that e-cigarettes do not promote widespread
initiation of smoking or relapse in those with
remote smoking histories [37]. However, e-cigarette
use is also frequent in adolescents, with 44.9% of
students in grades 9–12 reporting having ever used
an electronic vapor product [38], and 5.3% of
middle school and 16.0% of high school students
Health, Inc. All rights reserved.
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reporting current e-cigarette use in 2015 [39]. In
Florida, e-cigarette use among high school students
in 2012 was actually more frequent among
students who reported having asthma than among
those without asthma [40]. Although these numbers
may decrease with the ban on sale of e-cigarettes to
those under age 18 implemented in 2016 in the
United States, they raise concern that e-cigarettes
may promote initiation of smoking among adoles-
cents and young adults, including thosewith asthma.

On the contrary, though evidence is mixed
regarding the effectiveness of e-cigarette use for
smoking cessation [36,41,42], it may be useful for
harm reduction in smokers with asthma. A prospec-
tive study of 18 individuals with mild-to-moderate
asthma who switched from conventional to e-
cigarette use found significant improvements over
2 years of follow-up in respiratory symptoms, lung
function, airway hyperresponsiveness and tobacco
consumption with no significant change in asthma
exacerbation rate [43

&

,44]. Despite this encouraging
research, toxicity varies significantly between e-
cigarette products [45,46] and long-term effects of
e-cigarette use remain unknown [34

&

,35,36]. Until
these effects are clarified, other safer methods of
smoking cessation should be used before e-cigarettes
in patients with asthma.
PREVENTION OF EARLY LIFE EXPOSURE
TO AIR POLLUTION

Exposure to air pollutants, such as nitrogen dioxide,
ozone and particulate matter, is a major risk factor
for abnormal lung development and function [47–
51] and has been linked to increased asthma preva-
lence and reduced asthma control [52–59,60

&

].
Recent evidence highlights the impact of air pollu-
tion exposure in prenatal and early life on lung
function later in life. Schultz et al. [61

&

] reported
on longitudinal exposure to nitric oxide and
particulate matter with an aerodynamic diameter
of less than 10 mm in 2278 individuals followed from
birth [62]. There was a negative association between
air pollution exposure in the first year of life and
FEV1 at age 16, and later air pollution exposures
appeared to have additional negative effects.
Another study [63] utilizing administrative data-
bases of medical visits over a 10-year period in a
Canadian population-based cohort of over 65 000
individuals found that prenatal nitrogen dioxide
exposure was associated with asthma that persisted
past age 6, but not with ‘transient asthma’ that
resolved by age 6.

Interventions to reduce air pollution are feasible
and result in demonstrable benefit. Between 1994
and 2011, aggressive pollution reduction strategies
 Copyright © 2017 Wolters Kluwe
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were implemented in southern California. Over this
period, three separate large cohorts of children were
followed between the ages of 11 and 15 including
annual lung function measurements [64

&&

].
Improvements in 4-year growth of FEV1 and forced
vital capacity were associated with declining levels
of nitrogen dioxide and particulate matter with
aerodynamic diameters less than 2.5 mm and less
than 10 mm. This association held in children both
with and without asthma, and the proportion of
children with FEV1 values of less than 80% of the
predicted value at age 15 declined significantly from
7.9% to 6.3% to 3.6% across the three cohorts. This
important study builds on prior research showing
reduced asthma morbidity in association with
decreased traffic during the Olympic Games in both
Atlanta in 1996 and Beijing in 2008 [65–67].
POTENTIAL BENEFIT OF
IMMUNOSTIMULANT MICROBIAL
EXPOSURES

The ecological community inside and outside the
body has emerged as a major environmental
exposure of interest in asthma pathogenesis. Cul-
ture-independent high-throughput methods have
revolutionized the identification and quantification
of genetic material, and knowledge has rapidly accu-
mulated regarding the microbial composition of
human living environments and bodies [68

&

,69].
These developments occurred concomitantly with
the proposal and evolution of the ‘hygiene hypoth-
esis,’ which posits that reduced microbial exposure
accounts for the rising prevalence of allergic disease
[70].

The hygiene hypothesis is based on the now well
documented finding that risk of allergic disease is
reduced in association with a variety of environ-
mental exposures, among which household size was
the first to be identified [68

&

,69,70]. Wu et al. [71
&

]
recently showed that exposures in early infancy may
be particularly important. In a population-based
birth cohort of 136 098 infants, maternal urinary
tract infection and antibiotic use during pregnancy,
mode of delivery, infant antibiotic use and having
older siblings at home were associated in a cumu-
lative and dose-dependent manner with increased
risk of childhood asthma; of these, infant antibiotic
use was the strongest predictor.

As many of the same exposures that are linked to
reduced risk of allergy have come to be recognized as
determinants of human microbial composition,
including residence on a farm, cohabitation with
a dog, day care attendance and vaginal birth, the
hygiene hypothesis has evolved into a ‘microbiota
hypothesis’ in which environmental factors reduce
r Health, Inc. All rights reserved.
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allergic disease via modification of the host micro-
biome [68

&

,69,72
&

]. Other recognized asthma risk
factors may also act via perturbations of the human
microbiome. For example, acute respiratory syncy-
tial virus infection during infancy is associated with
a nasopharyngeal microbiome composition similar
to the composition seen in infants who later develop
asthma [73].

The microbiota hypothesis is supported by a
growing body of evidence. The gut microbiome
differs between those with and without asthma
[74–76], and between members of communities
with different degrees of industrialization and
prevalence of allergic disease [68

&

,72
&

,77]. Orophar-
yngeal colonization and gut microbiome com-
position as early as age 1 month have been
associated with risk of subsequent atopy and asthma
[78–81]. Evidence primarily from animal models
demonstrates a role of the gut microbiome in the
development of immune tolerance mechanisms
[82], and exposure to bacterial species associated
with protection from allergic disease in human
studies [74,83–85] has been shown to reduce exper-
imentally induced airway inflammation in mice.

Synthesizing and building on this body of evi-
dence, Stein et al. [86

&

] recently reported on children
from Hutterite and Amish agricultural communities
in the United States. These populations have similar
ancestry and agricultural lifestyles, but Hutterites
use more industrialized farming practices. Hutterite
children demonstrated higher prevalence of allergic
disease, differences in the microbial composition of
dust in participants’ homes and differences in
innate immune cell frequencies and phenotypes
compared with Amish children. In a mouse model,
intranasal dust extracts from Amish, but not Hutter-
ite, homes significantly inhibited airway hyperreac-
tivity and eosinophilia.

It may soon be possible to predict risk of asthma
based on early infancy microbiome data. Fujimura
et al. [87] recently used 16S rRNA sequencing of stool
samples provided between ages 1 and 11 months to
categorize 298 birth cohort participants into three
distinct microbiota compositional states, each of
which was associated with significantly different
risk for multisensitized atopy at age 2 and doctor-
diagnosed asthma at age 4.

The recognition of a connection between early
microbial interactions and risk of asthma has led to
attempts to modify gut colonization to prevent
asthma. Unfortunately, several randomized trials
have failed to show that prenatal and early life
probiotic and prebiotic treatments reduce asthma
incidence [88–94].

Bacterial lysates, immunoregulatory cellular
extracts that have been found to reduce allergic
 Copyright © 2017 Wolters Kluwer 
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airway inflammation in mouse models, may be an
effective alternative [95–97]. The most studied bac-
terial lysate is OM-85 BV, which contains extracts
derived from eight bacterial species: Staphylococcus
aureus, Streptococcus species, Klebsiella species, Neis-
seria catarrhalis and Haemophilus influenzae. Several
trials, though generally small and with significant
heterogeneity, have demonstrated that bacterial
lysate treatment reduces recurrent respiratory tract
infections in adults and children [98–101], and OM-
85 BV has been used for decades for this indication
in Europe [95]. A small clinical trial of 75 children
between ages 1 and 6 with recurrent wheeze found a
nearly 40% reduction in number of wheezing
attacks and a reduction in duration of wheezing
attacks over 1 year of follow-up in those randomized
to OM-85 BV treatment [102]. Nonrandomized
clinical data further support a potential benefit of
OM-85 BV in asthma [103]. The effectiveness of OM-
85 BV in preventing severe wheezing lower respir-
atory tract infection in high-risk infants is currently
under study in a multicenter placebo-controlled
randomized clinical trial (NCT02148796).
VITAMIN D SUPPLEMENTATION

Vitamin D deficiency is common worldwide and
several of its myriad physiological consequences
are central to asthma pathogenesis, including effects
on lung development and immune function [104–
108]. The role of vitamin D over the first decade of
life was recently studied by Hollams et al. [109

&

] in a
birth cohort of children at high risk of asthma that
measured 25-hydroxyvitamin D levels at seven visits
between birth and age 10. Although there was no
overall longitudinal association between vitamin D
level and asthma or wheeze, in a subgroup of 80
individuals in whom vitamin D levels were available
from all follow-up visits, the total number of vita-
min D-deficient follow-ups per child was positively
associated with asthma and wheeze at age 10. There
were inverse relationships between vitamin D levels
and early allergic sensitization, nasopharyngeal col-
onization with Streptococcus and early febrile lower
respiratory infections – factors associated with
asthma in this cohort [110] – suggesting that an
effect of vitamin D deficiency on subsequent asthma
may be partly modulated by allergic sensitization,
respiratory tract bacterial colonization and/or infec-
tion in infancy [109

&

]. This suggests that preventing
vitamin D deficiency throughout childhood may be
important in the prevention of these disorders.

The efficacy of vitamin D is better established for
the management than for the prevention of asthma.
A Cochrane review of placebo-controlled trials,
including 435 children and 658 adults, concluded
Health, Inc. All rights reserved.
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that vitamin D is likely to reduce the risk of severe
asthma exacerbation and healthcare use because of
asthma, though children and those with severe
asthma were underrepresented in the included stud-
ies [111

&&

]. These findings are in accordance with
other systematic reviews [112,113].

As many processes affected by vitamin D begin
before or shortly after birth, there has been con-
siderable interest in a possible role of prenatal and
early life vitamin D supplementation in asthma
prevention [104]. Observational studies, though
heterogeneous and inconsistent, and a growing
body of clinical trial data suggest a protective effect
of vitamin D supplementation during pregnancy
and early infancy [114–117]. This and other prena-
tal interventions are reviewed in detail in this issue
by Tina Hartert.

The dose of vitamin D needed for prevention
remains undefined. In pregnancy, doses of 2400–
4400 UI daily appear safe [116,117]. However, a
single-dose recommendation for all patients may
not suffice, and future studies will need to define
whether a level-based dosing regimen (i.e. to target a
prespecified level) may be a better strategy. Likewise,
in infancy and early childhood, the dose of
vitamin D supplementation or the desired level of
25-hydroxyvitamin D to prevent asthma remains
undefined. The study by Hollams et al. [109

&

] will
need to be verified in other cohorts. The current
recommended daily allowance for vitamin D in
children is 600 IU daily [118]. However, given the
high prevalence of vitamin D deficiency in many
countries, it remains to be seen whether individu-
alized supplementation to target a specified level in
children rather than prescribing a specific intake for
all children will be more effective in preventing the
development of asthma.
CONCLUSION

The determinants of the diverse trajectories of lung
function and asthma morbidity that are observed
throughout the lifespan remain to be fully defined.
This area of study progresses in parallel with and
enables the recognition of risk factors for asthma
and the evaluation of interventions to reduce
asthma risk. We have highlighted active areas of
research, including the search for medical treat-
ments that could be given in the preschool years
to prevent persistent wheeze, the undefined role of
e-cigarette use in smokers with asthma and whether
microbial exposures can be manipulated to reduce
asthma risk. These lines of investigation will hope-
fully yield additions to the armamentarium of effec-
tive strategies to modify the natural history of
asthma. Evidence is accumulating that reducing
 Copyright © 2017 Wolters Kluwe
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air pollution and avoiding vitamin D deficiency in
childhood lead to improved outcomes, and atten-
tion should be paid to these exposures.
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75. Hevia A, Milani C, López P, et al. Allergic patients with long-term asthma
display low levels of Bifidobacterium adolescentis. PLoS One 2016;
11:e0147809.

76. Hua X, Goedert JJ, Pu A, et al. Allergy associations with the adult fecal
microbiota: analysis of the American Gut Project. EBioMedicine 2016;
3:172–179.

77. Björkstén B, Naaber P, Sepp E, Mikelsaar M. The intestinal microflora in
allergic Estonian and Swedish 2-year-old children. Clin Exp Allergy 1999;
29:342–346.

78. Bjorksten B, Sepp E, Julge K, et al. Allergy development and the intestinal
microflora during the first year of life. J Allergy Clin Immunol 2001; 108:516–
520.

79. Kalliomaki M, Kirjavainen P, Eerola E, et al. Distinct patterns of neonatal gut
microflora in infants in whom atopy was and was not developing. J Allergy Clin
Immunol 2001; 107:129–134.

80. Bisgaard H, Hermansen MN, Buchvald F, et al. Childhood asthma after
bacterial colonization of the airway in neonates. N Engl J Med 2007;
357:1487–1495.

81. Teo SM, Mok D, Pham K, et al. The infant nasopharyngeal microbiome
impacts severity of lower respiratory infection and risk of asthma develop-
ment. Cell Host Microbe 2015; 17:704–715.

82. Belkaid Y, Hand TW. Role of the microbiota in immunity and inflammation.
Cell 2014; 157:121–141.

83. Debarry J, Garn H, Hanuszkiewicz A, et al. Acinetobacter lwoffii and Lacto-
coccus lactis strains isolated from farm cowsheds possess strong allergy-
protective properties. J Allergy Clin Immunol 2007; 119:1514–1521.

84. Hagner S, Harb H, Zhao M, et al. Farm-derived gram-positive bacterium
Staphylococcus sciuri w620 prevents asthma phenotype in HDM- and OVA-
exposed mice. Allergy 2013; 68:322–329.

85. Peters M, Kauth M, Scherner O, et al. Arabinogalactan isolated from
cowshed dust extract protects mice from allergic airway inflammation and
sensitization. J Allergy Clin Immunol 2010; 126:648–656; e1–e4.

86.
&

Stein MM, Hrusch CL, Gozdz J, et al. Innate immunity and asthma risk in
Amish and Hutterite farm children. N Engl J Med 2016; 375:411–421.

This study shows that industrial farming practices are associated with increased
risk of allergic disease compared with traditional farming practices, and provides
evidence that this may be accounted for by differences in microbial exposures.
87. Fujimura KE, Sitarik AR, Havstad S, et al. Neonatal gut microbiota associates

with childhood multisensitized atopy and T cell differentiation. Nat Med 2016;
10:1187–1191.

88. Osborn DA, Sinn JK. Prebiotics in infants for prevention of allergy. Cochrane
Database Syst Rev 2007; 3:CD006475.

89. Azad MB, Coneys JG, Kozyrskyj AL, et al. Probiotic supplementation during
pregnancy or infancy for the prevention of asthma and wheeze: systematic
review and meta-analysis. BMJ 2013; 347:f6471.

90. Zuccotti G, Meneghin F, Aceti A, et al. Probiotics for prevention of atopic
diseases in infants: systematic review and meta-analysis. Allergy 2015;
70:1356–1371.

91. Simpson MR, Dotterud CK, Storrø O, et al. Perinatal probiotic supplementa-
tion in the prevention of allergy related disease: 6 year follow up of a
randomised controlled trial. BMC Dermatol 2015; 15:13.

92. Jensen MP, Meldrum S, Taylor AL, et al. Early probiotic supplementation for
allergy prevention: long-term outcomes. J Allergy Clin Immunol 2012;
130:1209–1211; e5.

93. West CE, Hammarström ML, Hernell O. Probiotics in primary prevention of
allergic disease: follow-up at 8–9 years of age. Allergy 2013; 68:1015–
1020.

94. Abrahamsson TR, Jakobsson T, Björkstén B, et al. No effect of probiotics on
respiratory allergies: a seven-year follow-up of a randomized controlled trial in
infancy. Pediatr Allergy Immunol 2013; 24:556–561.

95. Kearney SC, Dziekiewicz M, Feleszko W. Immunoregulatory and immunos-
timulatory responses of bacterial lysates in respiratory infections and asthma.
Ann Allergy Asthma Immun 2015; 114:364–369.
 Copyright © 2017 Wolters Kluwe

1528-4050 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
96. Navarro S, Cossalter G, Chiavaroli C, et al. The oral administration of
bacterial extracts prevents asthma via the recruitment of regulatory T cells
to the airways. Mucosal Immunol 2011; 4:53–65.

97. Fu R, Li J, Zhong H, et al. Broncho-Vaxom attenuates allergic airway
inflammation by restoring GSK3b-related T regulatory cell insufficiency.
PLoS One 2014; 9:e92912.

98. Cazzola M, Anapurapu S, Page CP. Polyvalent mechanical bacterial lysate for
the prevention of recurrent respiratory infections: A meta-analysis. Pulm
Pharmacol & Ther 2012; 25:62–68.

99. Del-Rio-Navarro BE, Espinosa Rosales F, Flenady V, Sienra-Monge JJ.
Immunostimulants for preventing respiratory tract infection in children.
Cochrane Database Syst Rev 2006; 4:CD004974.

100. Schaad UB, OM-85 BV. An immunostimulant in pediatric recurrent
respiratory tract infections: a systematic review. World J Pediatr 2010;
6:5–12.

101. Steurer-Stey C, Lagler L, Straub DA, et al. Oral purified bacterial extracts in
acute respiratory tract infections in childhood: a systematic quantitative
review. Eur J Pediatr 2007; 166:365–376.

102. Razi CH, Harmanci K, Abaci A, et al. The immunostimulant OM-85 BV
prevents wheezing attacks in preschool children. J Allergy Clin Immunol
2010; 126:763–769.

103. Koatz AM, Coe NA, Ciceran A, Alter AJ. Clinical and immunologic benefits of
OM-85 bacterial lysate in patients with allergic rhinitis, asthma, COPD and
recurrent respiratory infections. Lung 2016; 194:687–697.

104. Mirzakhani H, Al-Garawi A, Weiss ST, Litonjua AA. Vitamin D and the
development of allergic disease: how important is it? Clin Exp Allergy
2015; 45:114–125.

105. Mann EH, Chambers ES, Pfeffer PE, Hawrylowicz CM. Immunoregulatory
mechanisms of vitamin D relevant to respiratory health and asthma. Ann N Y
Acad Sci May 2014; 1317:57–69.

106. Zosky GR, Berry LJ, Elliot JG, et al. Vitamin D deficiency causes deficits in
lung function and alters lung structure. Am J Resp Crit Care Med 2011;
183:1336–1343.

107. Kho AT, Sharma S, Qiu W, et al. Vitamin D related genes in lung development
and asthma pathogenesis. BMC Med Genomics 2013; 6:47.

108. Hart PH, Lucas RM, Walsh JP, et al. Vitamin D in fetal development: findings
from a birth cohort study. Pediatrics 2015; 135:e167–e173.

109.
&

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 2016;
DOI: 10.1016/j.jaci.2016.07.032. [Epub ahead of print]

This study shows that longitudinal vitamin D insufficiency over infancy and child-
hood is associated with increased risk of asthma and wheeze at age 10.
110. Kusel M, Kebadze T, Johnston S, et al. Febrile respiratory illnesses in infancy

and atopy are risk factors for persistent asthma and wheeze. Eur Resp J
2012; 39:876–882.

111.
&&

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

This systematic review concludes that vitamin D supplementation reduces the risk
of severe asthma exacerbation and healthcare use due to asthma, with the
strongest evidence available in adults and those with mild asthma.
112. Xiao L, Xing C, Yang Z, et al. Vitamin D supplementation for the prevention of

childhood acute respiratory infections: a systematic review of randomized
controlled trials. Br J of Nutrition 2015; 114:1026–1034.

113. Riverin BD,Maguire JL, Li P. Vitamin D supplementation forchildhood asthma: a
systematic review and meta-analysis. PLoS One 2015; 10:e0136841.

114. Feng H, Xun P, Pike K, et al. In utero exposure to 25(OH) D and risk of
childhood asthma, wheeze and respiratory tract infections: a meta-analysis of
birth cohort studies. J Allergy Clin Immunol 2016; DOI: 10.1016/
j.jaci.2016.06.065. Published online 14 September 2016.

115. Grant CC, Crane J, Mitchell EA, et al. Vitamin D supplementation during
pregnancy and infancy reduces aeroallergen sensitization: a randomized
controlled trial. Allergy 2016; 71:1325–1334.

116. Chawes BL, Bønnelykke K, Stokholm J, et al. Effect of vitamin D3 supple-
mentation during pregnancy on risk of persistent wheeze in the offspring: a
randomized clinical trial. JAMA 2016; 315:353–361.

117. 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.

118. Ross AC, Taylor CL, Yaktine AL, et al., editors. Dietary reference intakes for
calcium and vitamin D. Washington, D.C: National Academies Press; 2010.
r Health, Inc. All rights reserved.

rved. www.co-allergy.com 145


