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Abstract

In order to summarize the principal findings on risk and protective factors for childhood asthma,
we retrieved systematic reviews on these topics in children (ages 1 to 18 years), up to January
2016, through MEDLINE, EMBASE, CINAHL, SCOPUS and CDSR. Two hundred twenty seven
studies were searched from databases. Among those, 41 systematic reviews (SRs) were included: 9
focused on prenatal factors, 5 on perinatal factors, and 27 on postnatal factors. Of these 41 SRs,
83% had good methodological quality, as determined by the AMSTAR tool. After reviewing all
evidence, parental asthma, prenatal environmental tobacco smoke and prematurity (particularly
very preterm birth) are well-established risk factors for childhood asthma. Current findings do
suggest mild to moderate causal effects of certain modifiable behaviors or exposures during
pregnancy (maternal weight gain or obesity, maternal use of antibiotics or paracetamol, and
maternal stress), the perinatal period (birth by Caesarean delivery), or postnatal life (severe RSV
infection, overweight or obesity, indoor exposure to mold or fungi, and outdoor air pollution) on
childhood asthma, but this suggestive evidence must be confirmed in interventional studies or (if
interventions are not feasible) well-designed prospective studies.
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INTRODUCTION

Over the last three decades, childhood asthma became a major public health problem
worldwide, particularly in industrialized nations. This rapid rise in asthma burden can only
be explained by changes in environment or lifestyle.l

A justifiable interest in understanding the etiology of the “asthma epidemic” has led to
publication of hundreds of articles on environmental risk factors for childhood asthma in
recent years. Attempts to synthesize the results of these studies have in turn led to systematic
reviews, which can be defined as scientific investigations with pre-planned methods and a
collection of primary studies as their “subjects”, using strategies to identify bias and random
error.2 However, reading around 50 published systematic reviews of risk factors for
childhood asthma would be both challenging and time-consuming. Thus, a summary and
interpretation of these systematic reviews could be helpful to researchers, clinicians and
public health practitioners interested in asthma in children.

The objective of this article is to synthesize and critically examine the main findings of
systematic reviews of risk or protective factors for childhood asthma, organized according to
their presence or predominance in the prenatal, perinatal and postnatal periods of life.

We identified studies published in the MEDLINE, EMBASE, CINAHL, and SCOPUS
databases up to January 2016, using the terms: “((risk factors OR protective factors) AND
(asthma or wheeze*) AND (child*) AND (meta-analysis)).” No language restriction was
employed,; if a study was published in more than one language, the latest version was
chosen. To be included in this review, all studies also had to: 1) be systematic reviews with a
meta-analysis of observational or interventional studies of risk or protective factors for
childhood asthma, and 2) focus on children (ages 1 to 18 years) or (if children and adults
were included) report a separate analysis in children. Studies were excluded if they: 1) were
published solely in abstract form , 2) focused on risk factors specific to a country,
geographic region, or particular study group (e.g. ISAAC, ENRIECO, GA2LEN), or 3)
focused on genetics or pharmacologic treatments for asthma.

Data Extraction and Assessment of Risk of Bias

Titles, abstracts, and citations for studies meeting the inclusion criteria outlined above were
independently analyzed by two authors (J.C.R. and E.F.). Full texts of all studies were then
evaluated for eligibility, and the methodological quality of the eligible systematic reviews
was assessed using the AMSTAR (Assess Systematic Reviews) tool.3 The AMSTAR tool
has a maximum of 11 points; a systematic review assigned 8 or more points is deemed of
good quality. Disagreements between the two reviewers were discussed and resolved by
consensus.
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Of the two hundred and twenty seven studies retrieved from the databases (Figure 1), 41
studies were included in this review. Of these 41 studies, 9 examined familial or prenatal
factors; 5 examined perinatal factors; and 27 examined post-natal factors. The quality of
their methodology (assessed using the AMSTAR tool) is shown in Table 1 (83% were of
good quality, receiving 28/11 points).

Table 2 summarizes the main findings of systematic reviews of risk or protective factors for
asthma or wheeze. For each meta-analysis, Table 2 shows the pooled odds ratio (OR) and its
95% confidence interval (Cl), and the 12 statistic or Cochran chi-square heterogeneity test Q
for heterogeneity across studies. A two-sided P <0.01 for the Cochran chi-square indicates
significant heterogeneity; for the 12 statistic, cut-off values of 0%, 25%, 50% and 75% were
used for no, low, moderate, and high heterogeneity, respectively.

FAMILIAL OR PRENATAL FACTORS (Figure 2a)

Parental asthma

A meta-analysis of 33 studies showed that children with maternal asthma (defined as self-
reported physician-diagnosed asthma or as self-reported ever asthma) had approximately
threefold greater odds of asthma than those without maternal asthma, with no significant
heterogeneity®. Moreover, children with paternal asthma had 2.4 times higher odds of
asthma than those without paternal asthma, with no significant heterogeneity. Compared
with paternal asthma, maternal asthma was associated with significantly greater odds of
childhood asthma (P= 0.04). However, there was no significant difference in the magnitude
of the effect estimates between maternal (OR=2.85) and paternal (OR=2.48) asthma in an
analysis restricted to 18 studies in which parental asthma was diagnosed by a physician
(P=0.37). Similarly, there was no significant difference in effect estimates between maternal
asthma (OR=3.15) and paternal asthma (OR=2.60) in an analysis restricted to children 5
years and older (P=0.14).

Maternal weight gain and obesity during pregnancy

Forno et al.® conducted a meta-analysis of 14 studies of gestational obesity (n=12) or weight
gain (n=5) during pregnancy and childhood asthma, with an aggregate sample size of
108,321 mothers whose children were followed up to an age ranging from 14 months to 16
years. In this meta-analysis, maternal overweight or obesity during pregnancy was
significantly associated with 1.21 times increased odds of current asthma or wheeze in
participating children, with moderate heterogeneity across studies. Moreover, each 1-kg/m?
increment in maternal body mass index (BMI) was significantly associated with 2%-3%
increased odds of childhood asthma. In that study the association between maternal obesity
and childhood asthma was stronger in studies with lower prevalence of maternal asthma;
other factors including maternal age or the child's age at follow up did not modify the effect
size.

Maternal folate or vitamin D status during pregnancy

Crider et al.% performed a systematic review of five studies (including 45,642 mother-child
pairs) of prenatal folate or folic acid use and childhood asthma. In that meta-analysis, there
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was no significant association between maternal intake of folic acid supplements before the
second trimester of pregnancy and asthma at school age (range: 5.5 to 7 years), with no
heterogeneity across studies. Because of substantial heterogeneity in exposures and
outcomes, no aggregate effect estimates could be generated for other indicators of folate
status (e.g. serum folate). However, most primary effect estimates showed no significant
association between folate status and asthma.

Maternal diet and maternal dietary intake of nutrients or vitamins during pregnancy

Nurmatov et al. 7 examined 62 studies of diet, vitamins or nutrients and asthma, wheeze or
atopic disorders in children. Meta-analyses of 3-4 birth cohort studies showed that high
maternal dietary intake of vitamin D and vitamin E during pregnancy was significantly
associated with 44% and 32% reduced odds of wheezing outcomes, respectively, in early
childhood (at ages 2 to 5 years). Maternal intake of vitamin D was not significantly
associated with asthma at age 5 years. Results from other meta-analyses of a few birth
cohorts were not supportive of prenatal effects of vitamin C, zinc or selenium on childhood
wheeze.

More recently, Beckhaus and colleagues® examined 32 studies of maternal diet (including
diverse nutrients, food groups, and dietary patterns) during pregnancy and childhood asthma.
In that meta-analysis, higher maternal intake of vitamin D, vitamin E and zinc during
pregnancy were each associated with lower odds of wheeze -but not asthma- in childhood.
No significant findings were reported for maternal intake of other vitamins (A, B, or C),
copper, calcium, magnesium, manganese, selenium, or specific food groups such as
vegetables, fruits, fish, meat, dairy, or fats.

Maternal stress

Van de Loo et al. 2 examined 10 observational studies of prenatal maternal stress and
respiratory morbidity in childhood. The prevalence of wheeze, asthma and other respiratory
symptoms was higher in children of mothers who were exposed to or experienced some
form of psychological stress during pregnancy than in children of mothers who did not (OR=
1.56 [1.36-1.80], 12=18 Subgroup analysis demonstrated that maternal stress during
pregnancy was significantly associated with asthma (4 studies) or wheeze (8 studies).

Maternal use of antibiotics

In a meta-analysis of 10 studies (7 cohort studies and 3 case-control studies)1?, maternal use
of antibiotics during pregnancy was associated with 1.2 times increased odds of childhood
wheeze or asthma, but there was high heterogeneity across studies. After excluding case-
control studies and prospective studies of inadequate quality, the association remained
significant and of similar magnitude (pooled OR=1.18, 95% Cl=1.11 to 1.26), but the
heterogeneity across studies was markedly decreased (12=46.7%). In that analysis, the
association between prenatal use of antibiotics and childhood wheeze or asthma was
stronger for antibiotic use in the third trimester of pregnancy than that in the first or second
trimester of pregnancy.
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Maternal use of paracetamol

Several meta-analyses have been published on maternal paracetamol (acetaminophen) use
during pregnancy and childhood asthma. In a meta-analysis of six studies (five prospective
cohorts and one cross-sectional study)!1, paracetamol use during pregnancy was
significantly associated with 1.2 times increased odds of wheeze at ages 2.5 years to 7 years.
However, there was high heterogeneity across studies.

A meta-analysis of eleven birth cohort studies!? reported that maternal paracetamol use in
the first, third, and second/third trimesters is significantly associated with 39%, 17% and
49% increased odds of childhood asthma, respectively. However, there was considerable
heterogeneity across studies. In contrast to the findings for prenatal use of paracetamol, there
was no significant association between paracetamol use during infancy and childhood
asthma after adjustment for lower respiratory tract infections.12

Environmental tobacco smoke (ETS)

Burke et al.13 performed a meta-analysis of 79 studies of ETS, wheeze, and asthma. The
studies were grouped by type of ETS (prenatal maternal, postnatal maternal, postnatal
paternal, or in the household) and the age at which the outcome was assessed (<2, 3-4, or
5-18 years). Prenatal maternal smoking was significantly associated with increased
incidence of asthma or wheeze in all age groups, with ORs ranging from 1.28 in children
ages 3 to 4 years to 1.52 in children ages 5 to 18 years. In that analysis, there was moderate
to high heterogeneity across the two age groups below 5 years but not in the age groups 5
years and older. Post-natal maternal smoking was also significantly associated with wheeze
in all age groups, but the magnitude of the association was higher in children younger than 5
years (ORs= 1.65 to 1.70) than in those 5 years and older (OR=1.18). Household ETS
exposure was significantly associated with wheeze, with similar findings across all age
groups (ORs ranging between 1.06 and 1.32).Paternal smoking was significantly associated
with 1.39 times increased odds of wheeze in 5-18 year olds; limited data precluded a meta-
analysis in younger children. A meta-analysis of prenatal maternal, paternal and household
ETS exposure and asthma yielded findings that were similar to those for wheeze; although
some results were not significant, they were in the same direction of association as in the
analysis of wheeze.

PERINATAL FACTORS (Figure 2b)

Birth by Caesarean section

In a meta-analysis of 23 studies!?, birth by Caesarean section was significantly associated
with 22% excess odds of asthma (aged 1 to 28 years), with moderate heterogeneity across
studies. Restricting the analysis to childhood asthma (ascertained before age 18 years)
yielded similar results (OR=1.20), with reduced heterogeneity across studies.

Preterm delivery

In a meta-analysis of nineteen studies including predominantly children, Jaakkola et al.1®
reported that prematurity (a gestational age <37 weeks) was associated with asthma at ages 1
to 31 years (fixed-effect OR=1.074, random-effect OR=1.37), with significant heterogeneity
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across studies. In a meta-regression adjusting for asthma definition, study design, population
size, geographic location, language and year of publication, the estimated effect of preterm
birth on asthma decreased as the age of the subjects increased.

In a meta-analysis of 17 studies including 874,710 childrenl8, preterm birth was associated
with 1.46 times increased odds of asthma or wheezing disorders, but there was high
heterogeneity across studies. The strength of the association between preterm birth and
wheezing disorders was similar between children aged <5 years and older children. Of note,
children born very preterm (<32 weeks gestation) had a greater increase in the odds of
asthma (OR=2.81) than those born moderately preterm (32-36 weeks gestation, OR=1.37).
Findings were most pronounced for studies with low risk of bias and were consistent across
sensitivity analyses. The population-attributable risk (PAR) of asthma for preterm birth was
estimated as 3.1%, with 1.2% attributable to very preterm birth and 1.9% attributable to
moderately preterm birth.

Birth weight

A meta-analysis of twelve studies including 38,115 childrenl? showed that low birth weight
(<2,500 g) was associated with 1.28 to 1.34 times higher odds of asthma than a birth weight
> 2,500 g or between 2,500 g and 4,000 g, with moderate heterogeneity across studies. In
this analysis, a birth weight >4,000 g was not significantly associated with asthma.

Neonatal hyperbilirubinemia

A meta-analysis of seven studies (six retrospective studies and one cohort study) including
101,499 childrenl8 showed that neonatal hyperbilirubinemia significantly increased the odds
of childhood asthma (OR=4.26), without heterogeneity across studies. Neonatal
phototherapy also increased the odds of asthma (OR=3.81) with low heterogeneity. As
observational studies were included, the GRADE evidence generated was of low quality.

POST NATAL FACTORS (Figure 2c)

Bacillus Calmette-Guérin (BCG) vaccination

El-Zein et al.19 performed a meta-analysis of sixteen studies of BCG vaccination and asthma
with a total of 67,179 participants. In this analysis, BCG vaccination was significantly
associated with a 14% reduction in the odds of asthma, with no heterogeneity across studies.
However, only one prospective study was included in this meta-analysis.

Breastfeeding

In a meta-analysis of 12 studies including 8,183 subjects??, exclusive breast-feeding during
the first 3 months of life was associated with 30% reduced odds of childhood asthma (mean
age 4.1 years), with minimal heterogeneity across studies. The estimated protective effect of
breastfeeding on asthma was greater in studies of children with familial history of atopy (OR
=0.52 [0.35-0.79]) than in studies of the general population (OR = 0.73 [0.62-0.86]). After
the analysis was restricted to studies that only included children without a family history of
atopy, there was no significant association between breastfeeding and childhood asthma
(OR=0.99 [0.48-2.03]).
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In another meta-analysis, including 31 studies and 417,880 subjects?!, there was no
significant association between any or exclusive breast feeding (for 3 or 4 months) and
asthma or current wheeze in children aged >5 years, though there was moderate
heterogeneity across studies. However, a subgroup analysis revealed that any breast feeding
is associated with a mild reduction (8%) in the odds of current wheeze (with moderate
heterogeneity across studies), but also non-significantly associated with a 10% increment in
the odds of asthma (P= 0.05, with minimal heterogeneity across studies).

A meta-analysis of 113 studies?2 showed that breastfeeding for at least six months was
associated with 24% reduced odds of “recent asthma”, as well as with 19% reduced odds of
“recent wheeze”, with high heterogeneity across studies. After stratification by age, there
was a strong inverse association between breastfeeding and asthma or wheeze up to age 2
years (without heterogeneity), but this association weakened as age increased.

In a recent meta-analysis of 42 studies 23, ever (vs. never) breastfeeding was associated with
12% reduced risk of asthma in children aged 5-18 years, with moderate heterogeneity across
studies. There was a reduced risk of asthma for ever-breastfed children in high-income
countries (OR=0.90 [0.83, 0.97], 12=18%), as well as in medium/low income countries
(OR=0.78 [0.70, 0.88], 12=0%). This association was attenuated and became non-significant
when the analysis was restricted to cohort studies.

Diet and nutrients

Probiotics

In meta-analyses of observational studies of children, Nurmatov et al” showed that serum
vitamin A level and high dietary intake of fruits are significantly associated with 75%
reduced odds of asthma and 25% reduced odds of wheeze, respectively.

Muley et al.24 conducted a meta-analysis of five randomized clinical trials (RCTs) of
omega-3 fatty acids (for up to 12 months) to prevent asthma, including 1,932 children who
were randomized, had available outcomes, and were followed for an average of 3.5 years
(range 0.5-8 years). In that analysis, there was no significant association between dietary
omega-3 fatty acid supplementation and asthma. A meta-analysis of four cohort studies
including 12,481 children?® reported a 24% reduced risk of asthma for fish intake and a 29%
reduction in the risk of asthma among children whose mothers had high levels of long-chain
n-3 PUFA in breast milk, with minimal heterogeneity across studies.

In a meta-analysis of eight cross-sectional studies.,28 a Mediterranean diet (generally low in
saturated fatty acids and rich in fiber, antioxidants, and n-3 PUFA derived from olive or fish
oil) was significantly associated with 15% lower odds of current wheeze and 14% lower
odds of ever asthma. Of note, however, some results were driven mainly by studies
performed in Mediterranean populations. Consistent with findings for a Mediterranean diet,
Seyedrezazadeh et al.2” reported lower risk of wheeze among children with high intake of
fruits and vegetables, with very similar results for asthma.

A meta-analysis of RCTs28 showed that probiotic supplementation during pregnancy or
infancy was not significantly associated with physician-diagnosed asthma or incident
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wheeze. In a more recent meta-analysis of RCTs, Zuccotti et al.2% also reported no
significant association between probiotic supplementation and asthma or wheeze.

Gastroesophageal reflux (GER)

Antibiotics

Thakkar et al.3% examined five studies of GER that included children with and without
asthma. In those studies, estimates of the prevalence of GER were 22% and 4.8% in children
with and without asthma, respectively. Moreover, GER was significantly associated with 5.6
times increased odds of asthma (pooled OR=5.6 [4.3 to 6.9]). Because of methodologic
limitations, paucity of population-based studies, and a lack of longitudinal studies, several
aspects of this association are unclear.

In a meta-analysis of eight studies by Marra et al3!, including 12,082 subjects (of whom
1,817 had asthma), antibiotic use in the first year of life was significantly associated with
twofold increased odds of childhood asthma, with significant heterogeneity across studies.
However, this association was markedly weakened and became non-statistically significant
when the analysis was restricted to prospective studies (OR=1.12, 95% CIl= 0.88 to 1.42),
which are less susceptible to “reverse causation™ or recall bias.

Murk et al.32 recently showed that antibiotic exposure during pregnancy or in the first year
of life (22 studies, n= 685,820 subjects) was significantly associated with 1.52 times
increased odds of childhood asthma however, there was high heterogeneity across studies.
Similar to the findings of Marra et al,3! there was no significant association between
antibiotic use in the first year of life and asthma when the analysis was restricted to
prospective studies (OR=1.07, 95% CI=0.89 to 1.28), with no heterogeneity across studies.
In contrast, prenatal use of antibiotics was significantly associated with childhood asthma,
even when the analysis was restricted to three prospective studies (OR=1.70, 95% CI=1.11-
2.60).

Viral infections

Allergens

A meta-analysis of 15 studies including 82,008 children33 showed that hospitalization for
respiratory syncytial virus (RSV) infection in early life was associated with 3.84 times
increased odds of incident asthma or wheeze later in childhood, with low to moderate
heterogeneity across studies. To date, there has been no meta-analysis of studies of
rhinovirus infection and asthma.

A meta-analysis3* of 9 studies including 3,271 children showed that multifaceted
interventions to reduce both inhalant and food allergens were associated with 28% to 48%
significantly reduced odds of asthma before and after age 5 years, with no heterogeneity
across studies. In contrast, there was no significant association between mono-faceted
interventions to reduce inhalant (but no food) allergens and asthma. Indirect comparisons
between these treatments did not demonstrate a significant difference between multiple
interventions and mono-interventions in reducing the odds of asthma in children under five
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years (OR=0.64 [0.40 - 1.04], p=0.07) or in those five years and older (OR=0.63 [0.35 -
1.13], p=0.12).

Mold and fungi

Endotoxin

A meta-analysis of 17 studies found that household dampness and mold is associated with

53% increased odds of childhood wheeze, perhaps independently of allergy3®. Moreover, a
combined analysis of 33 studies of children and adults found that household dampness and
mold is significantly associated with 56% increased odds of current asthma.

In another meta-analysis3® of 61 studies including over 200,000 subjects, signs of mold in
the home were significantly associated with 49% and 68% increased odds of asthma and
wheeze, respectively.

A meta-analysis of 19 studies3’ showed that endotoxin exposure in early life was
significantly associated with 48% increased odds of wheeze in infants and toddlers, with
moderate heterogeneity across studies. In contrast, endotoxin exposure in early life was
significantly associated with 18% reduced odds of asthma at school age, with no
heterogeneity across studies. All four studies in younger children and three out of five
studies in school-aged children were prospective.

Farm environment

Air pollution

Toxins

JA

In a meta-analysis of birth cohort studies38, living in a farm residence was significantly
associated with 23% reduced odds of asthma, with moderate heterogeneity across studies.
This association was even stronger in children who lived in a farm and had parents who
worked in a farm environment (OR=0.69 [0.64-0.76], 12=35%). The heterogeneity across
studies was reduced when the analysis was restricted to geographic locations in the Alps.

A meta-analysis by Gasana et al.39 included 19 studies assessing different exposures:
nitrogen oxides (nitric oxide [NO], nitrogen dioxide [NO2], nitrous oxide [N20]),
particulate matters (PMs), carbon monoxide (CO), sulfur dioxide (SO2), and ozone (O3). In
that meta-analysis, N20O and NO2 were significantly associated with 2% and 5% increased
odds of prevalent asthma, with no heterogeneity across studies; and CO was associated with
6% increased odds of prevalent asthma, with low heterogeneity across studies. Moreover,
NO2 and SO2 were associated with increased incident asthma, with minimal heterogeneity
across studies, and SO2 and PMs were each associated with increased odds of wheeze. Of
note, no separate analysis was conducted for the 9 longitudinal studies.

Jaakola & Knight*0 conducted a meta-analysis of five (non-longitudinal) studies in children,
which showed an association between polyvinyl chloride (PVC) surface materials in the
home and 45% increased odds of asthma, without significant heterogeneity across studies.
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ETS
In a meta-analysis of 38 studies*!, ETS was significantly associated with 1.33 times
increased risk of incident asthma among children ages 6-18 years, adjusting for atopy. There
was no reported assessment of heterogeneity across studies.

Menarche

A meta-analysis of seven studies including 22,859 children*2 showed that girls with early
menarche (<12 years) had 1.37 times significantly increased odds of asthma, with moderate
heterogeneity across studies. A sensitivity analysis showed that the risk estimate was not
markedly changed when excluding any of the analyzed studies.

Overweight or obesity

In a meta-analysis of 12 studies including over 120,000 subjects*3, a sub-group analysis of 4
studies showed that increased body weight during middle childhood was significantly
associated with 50% increased risk of subsequent asthma, and a sub-group analysis of nine
studies showed that high birth weight is associated with 20% increased risk of childhood
asthma.

A meta-analysis of six studies including 25,734 children** showed that obesity (defined as a
body mass index [BMI] =95 percentile) was significantly associated with 50% increased
risk of incident asthma in both boys and girls, with no heterogeneity across studies. The
magnitude of this association was greater in girls (RR=1.53 [1.09 - 2.14], p = 0.01) than in
boys (RR=1.40 [1.01 - 1.93], p=0.04). However, there was much more heterogeneity in
studies of boys (12= 81%) than in studies of girls (12= 34%).

In another meta-analysis of six studies including 18,760 children4®, overweight (defined as a
BMI >=85!" percentile) and obesity (BMI =95™ percentile) were significantly associated
with 1.19 times and 2.02 times increased risk of incident asthma, respectively. Moreover,
there was a significant dose-response relationship between BMI and incident asthma. In this
analysis, the estimated effect of obesity on asthma was greater in obese boys (RR = 2.47
[1.57-3.87], p < 0.001) than in obese girls (RR = 1.25 [0.51-3.03], p = 0.04).

A systematic review or meta-analysis is ultimately dependent on the underlying quality of
the primary studies included in the analysis. Limitations include the design of the original
studies (e.g. observational or cross-sectional), the covariates included in the original
analyses (e.g. different studies may have adjusted for different confounders), and unknown
sources of bias that may have been inadvertently included in the primary studies. The degree
of heterogeneity between studies is also important and has been highlighted within each
section. Moreover, results from such analysis have to be interpreted in the context of other
supporting evidence.

Familial or prenatal factors—Current evidence supports strong causal effects (OR or
RR =2) of parental (paternal or maternal) asthma (a non-modifiable risk factor) on childhood
asthma. Systematic reviews of observational studies, together with findings from
interventional studies and data on the impact of public health policy measures, strongly
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support mild to moderate causal effects (OR or RR =1.2 but <2) of prenatal ETS on
childhood asthma.

Current evidence suggest that maternal weight gain or obesity during pregnancy, maternal
use of paracetamol, and maternal stress during pregnancy each have mild to moderate effects
on increasing asthma risk in childhood, but interventional studies are needed to firmly
establish causality. Similarly, maternal use of antibiotics during pregnancy may have mild to
moderate causal effects on asthma, but this needs further assessment in longitudinal studies.

Maternal vitamin D insufficiency (a serum 25(OH)D <30 ng/ml) is not likely to have
moderate or strong causal effects on asthma, but there is inconclusive evidence for modest
(yet potentially clinically significant) effects from two RCTs*647. In a RCT of high-dose
prenatal vitamin D (4,400 1U/day) vs. low-dose prenatal vitamin D (400 1U/day) to prevent
asthma or wheeze at age 3 years in 806 children in US#6 | 218 children developed asthma or
recurrent wheeze: 98 of 405 (24.3%; 95% ClI, 18.7%-28.5%) in the intervention arm vs. 120
of 401 (30.4%, 95% Cl, 25.7%-73.1%) in the control group (hazard ratio, 0.8 [0.6-1.0];
p=0.05). Future RCTs should have larger simple size and consider post-natal vitamin D
supplementation.

Existing evidence does not support a causal role for maternal folic acid status on childhood
asthma, and there is insufficient or conflicting evidence for a causal role of maternal diet or
maternal nutrient intake during pregnancy on childhood asthma.

Perinatal factors—Moderate to high-quality evidence suggest that three correlated
perinatal factors have mild to moderate effects on increasing the risk of childhood asthma
(birth by Caesarean section, prematurity and low birth weight), and that very preterm birth is
a strong risk factor for childhood asthma. Compared to vaginal delivery, Caesarean delivery
before rupture of the membranes was recently shown to be more strongly associated with
childhood asthma (incidence RR=1.20 [1.16-1.23] than Caesarean delivery after rupture of
the membranes incidence RR=1.12 [1.09-1.16]).48 A RCT of vaginal vs. non-emergent
caesarean delivery may be difficult to implement but could help to firmly establish causality.
Whether neonatal hyperbilirubinemia predisposes to childhood asthma or wheeze cannot be
determined from existing evidence, but warrants proper assessment in longitudinal studies.

Postnatal exposures—Severe RSV infection in early life (leading to hospitalization) is
likely to be a strong risk factor for childhood asthma. Confirmation of a causal role of severe
RSV infection (e.g. by vaccination) is pending, awaiting trials of RSV vaccination or
treatment to prevent childhood asthma.

High quality evidence supports mild to moderate effects of both overweight/obesity and
indoor mold/fungi on increasing the risk of childhood asthma. However, interventional
studies are needed to both confirm causality and assess the relative contribution of these
factors to disease pathogenesis. Studies of moderate quality also support mild to moderate
effects of outdoor air pollution (particularly NO2 and SO2) on asthma risk, and warrant
follow-up in well-designed longitudinal studies.

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2017 November 01.
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High quality evidence suggests that living in a farm residence or exposure to indoor
endotoxin has mild to moderate protective effects against asthma, particularly at or after
school age. Longitudinal studies are needed to identify specific exposures (e.g. microbial)
underlying the putative protective effects of a farming environment against asthma.
Although there is some evidence of potential beneficial effects of multifaceted interventions
to reduce indoor allergen exposure, such interventions are generally cumbersome and likely
to be prohibitively expensive.

There is limited, conflicting or insufficient evidence of a causal role of BCG vaccination,
breastfeeding, diet or dietary patterns, early menarche and exposure to PVC in childhood
asthma. Ongoing longitudinal studies of breastfeeding, accounting for introduction and
parallel consumption of foodstuff, should help clarify its role, if any, on asthma. Similarly,
longitudinal studies are needed to assess whether certain diets (e.g. Mediterranean) reduce
asthma risk, as well as to better characterize the relation between PVC exposure and asthma.
Current evidence does not support a causal role of postnatal use of antibiotics or probiotics
in childhood asthma.

Summary—After reviewing all evidence, parental asthma, prenatal environmental tobacco
smoke and prematurity (particularly very preterm birth) are well-established risk factors for
childhood asthma. Current findings do suggest mild to moderate causal effects of certain
modifiable behaviors or exposures during pregnancy (maternal weight gain or obesity,
maternal use of antibiotics or paracetamol, and maternal stress), the perinatal period (birth
by Caesarean delivery), or postnatal life (severe RSV infection, overweight or obesity,
indoor exposure to mold or fungi, and outdoor air pollution) on childhood asthma, but this
suggestive evidence must be confirmed in interventional studies or (if interventions are not
feasible) well-designed prospective studies.
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c) Postnatal risk factors
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Odds ratio (OR) or relative risk (RR) (and 95% confidence intervals) for childhood asthma
or wheeze from systematic reviews of familial or prenatal factors (2a), perinatal factors (2b),
and postnatal factors (2c). The OR or RR were chosen for asthma if available, or for current
wheezing otherwise. When two ORs or RRs existed for the same outcome, we selected the
highest estimate for risk factors and the lowest estimate for protective factors.
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