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ABSTRACT

Objective: Maternal asthma during pregnancy is associated with a higher risk of negative perinatal
outcomes. However, little is known about the direct effects of maternal asthma on infant cognitive
development. We examined the evidence for an impact of maternal asthma during pregnancy on cog-
nitive and behavioral development of the child. Data sources: We conducted a MEDLINE, PsychINFO,
and manual search of the databases for all available studies until January 9th, 2018. Study Selections:
Studies were deemed relevant if they included child cognitive and behavioral development as the
outcome, with maternal asthma as the determinant of interest. Results: Ten articles matched selec-
tion criteria. Some studies report that maternal asthma is associated with increased risk for autism
and intellectual disability in children. However, these effects are small and are often eliminated when
controlling for confounding variables. Other studies have found no association. The only prospective
study found that well-managed asthma during pregnancy was not associated with negative devel-
opmental outcomes in children. Conclusions: The evidence suggests that the relationship between
maternal asthma during pregnancy and poor developmental and behavioral outcomes of children is
weak. Children of mothers with well-managed asthma during pregnancy have similar developmental
trajectories to those born to healthy mothers. Prospective, longitudinal studies are needed to confirm
these conclusions. Optimal asthma management isimportant in pregnancy as it may have longer term
benefits for the health of the offspring. As the rate of asthma increases in the population, the implica-
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tions of maternal asthma on child development will be of greater importance.

Introduction

Asthma is one of the most common chronic diseases to
affect women of childbearing age. It is estimated that
up to 12% of pregnant Australian women suffer from
asthma [1], and worldwide, the prevalence of asthma dur-
ing pregnancy is increasing [2]. Asthma during preg-
nancy has been linked to poor physiological outcomes
for both mother and child. For the pregnant mother,
asthma can lead to a higher risk of gestational dia-
betes, pre-eclampsia, caesarean delivery, placenta previa,
increased length of hospital stay, and pregnancy com-
plications including hemorrhage and placental abruption
(see Table 1) [3-5]. Further, up to half of women with
asthma are estimated to experience an asthma exacerba-
tion during pregnancy [6, 7].

Asthma and asthma exacerbations during pregnancy
are associated with prenatal biological mechanisms that

increase the risk of perinatal infant complications. More
specifically, asthma is associated with respiratory alka-
losis and hypoxia, which can reduce placental blood
flow and impact oxygen supply to the developing fetus
[8]. These events may have a more significant hypoxic
impact on the foetus than the mother [9]. For instance,
low birth weight is associated with reduced 118-HSD 2
activity in the placentae of mothers with asthma [10, 11].
Several studies have reported adverse infant outcomes
such as preterm infant birth, congenital malforma-
tions, longer hospital length of stay, poor lung function,
higher risk of asthma, and infant mortality (Table 1).
Although the findings are not consistent and may be
influenced by other factors, such as the biological sex of
the child [8, 12], these potential physical health outcomes
constitute risk factors for poor infant developmental
outcomes.
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Table 1. Summary of studies that examined physiological outcomes of asthma during pregnancy.

Articles included (n)

Summary statistic

Outcome Reference
Mother  Preterm delivery Jaakkola et al. (2006) [40); Murphy
etal. (2011) [3);
Caesarean delivery Wang et al. (2014) [5);
Pre-eclampsia Murphy et al. (2006); [41) ; Murphy
etal. (2011) [3);
Gestational diabetes Wang et al. (2014) [5);
Antepartum/postpartum  Wang et al. (2014) [5);
hemorrhage
Placenta previa Wang et al. (2014) [5);
Placental abruption Wang et al. (2014) [5);
Premature rupture of Wang et al. (2014) [5);
membranes
Infant Low birthweight Murphy et al. (2006) [41]; (2011) [3);

Small for gestational age

Congenital
malformations

Neonatal death

Asthma in offspring

Murphy et al. (2011) [3);
Murphy et al. (2013) [4)

Murphy et al. (2013) [4);
Lim et al. (2010) [42);

19,10 OR 1.074 (95% Cl, 1.072-1.075), RR 1.50™ (95% CI 1.28-1.75)
23 RR 1.31(95% Cl1.22-1.39)

2,14 RR1.48* (95% Cl1.07-2.04), RR 1.54 (95% Cl 1.32-1.81)
12 RR 1457 (95% C11.18-1.78)

nsaz RR1.25 (95% CI1.10-1.42)/ RR 129 (95% C| 1.18-1.42)

8 RR1.23 (95% C11.07-1.40)
n RR1.29 (95% Cl 1.14-1.47)
9 RR 1.21(95% (I 1.07-1.37)

3,13 RR 2.54* (95% C11.52-4.25), RR 1.46 (95% CI 1.22-1.75)
8 RR1.22 (95% C11.14-1.31)
8 RR 1117 (95% Cl1.02-1.21)
6 RR 1.49 (95% C11.11-2.00)
18 OR 3.04 (95% Cl 2.59-3.50)

*With exacerbation during pregnancy; **Without exacerbation during pregnancy; +Without active asthma management.

Despite the evidence that maternal asthma during
pregnancy is associated with a higher risk of negative peri-
natal outcomes [3, 13-15] that are known to impact infant
cognitive development, little is known about the direct
effects of maternal asthma on infant cognitive develop-
ment. This systematic review addresses the question of
whether maternal asthma during pregnancy is associated
with atypical cognitive and behavioral development in
offspring.

Methods

Search strategy

A systematic review of the literature for papers pub-
lished for the full time period available up to January
9, 2018 was conducted using the statement on preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) as a guide [16]. MEDLINE (531 items) and
PsychINFO (29 items; see Figure 1) were searched for
all papers published using the search strategy shown in
Table 2. A manual search (date last searched January 9,
2018) involving hand-searching of Google Scholar iden-
tified 71 items. An additional 37 studies were identified by
hand-searching the reference list of included articles and
related review articles.

Inclusion criteria

After excluding duplicates (n = 56), 612 studies were
screened for inclusion criteria by two independent inves-
tigators (OW, MKB) and assessed for eligibility. Discrep-
ancies were resolved by a third independent investigator
(LC). Studies were deemed eligible if they included moth-
ers with a diagnosis of asthma, and if they reported child

cognitive and developmental outcomes. The majority
of studies investigated the physiological consequences
of maternal asthma on the mother and infant (i.e., low
birthweight, risk of childhood asthma) and thus are not
relevant to this review. Studies that addressed genetic
conditions, maternal smoking, child asthma, or allergies
and autoimmune disorders, without the presence of
maternal asthma were excluded. Reviews, conference
publications and grey literature were excluded.

Study selection and summary measures

Five hundred and nineteen papers were excluded during
title and abstract screening. The full text of remaining
93 papers was assessed for relevance. Of these, 83 papers
were excluded for the following reasons: wrong patient
population (n = 20), wrong outcomes (n = 40), or wrong
study design (including review articles; n = 23). After
these exclusions, ten studies were identified for inclusion
in this review.

Where studies presented risk estimates for child cog-
nitive and behavioral outcomes as a result of maternal
asthma, we extracted odds ratios (ORs) and relative risk
with 95% confidence intervals (CIs). For all studies, we
also extracted study design, number and age of mothers
and children, asthma diagnosis covariates used to adjust
risk estimates, age of asthma diagnosis, and nature of cog-
nitive/behavioral outcome.

Risk of bias assessment and synthesis of results

The Scottish Intercollegiate Guidelines Network (SIGN)
Methodology Checklist 4: Case-control Studies (version 2
dated 28.05.12) [17] was used by a single reviewer (OW)
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Figure 1. Flow diagram detailing the information sources, screening procedure and number of papers included in this review.

to assess risk of bias in individual studies. The SIGN  Results
involves an assessment of both internal validity and an
overall quality assessment. As the selected studies dif-
fered in design, approach and results, a meta-analysis was
neither possible nor suitable for this review. Instead, we
examine trends descriptively, taking into consideration

study design, age range and outcomes.

Notes on risk of bias issues

Gordon etal. [18]
While the method of selection of cases and controls was
acceptable, this study rated poorly in the SIGN quality

Table 2. Key words used in database searches.

AND: Asthma AND: 5 ADJ child* prefix to each term:
cognition OR outcomes OR intellectual
disability OR mental retardation OR
executive function OR childhood
morbidity OR health status OR
hospitalization OR developmental
disabilities OR fetal development OR
intelligence OR intellectual OR
development OR disorders OR autistic
disorders OR developmental delay OR
psychomotor performance OR
parent-child relations OR immune OR
achievement OR behavior OR
temperament OR disability

AND: Maternal health OR embryonic
development OR fetal development OR
prenatal exposure OR post natal OR
preterm birth OR corticosteroid OR
atopy OR maternal asthma OR fetus OR
infant OR newborn OR gestational age
OR premature birth OR respiratory OR
risk assessment OR maternal health OR
pregnancy outcomes OR risk factors OR
birth weight OR maternal welfare OR
perinatal OR prenatal OR growth OR
infant welfare OR gestational age OR
high risk

Pregnancy OR gestation

Note: child* is a truncation which returns results for child, children, childhood, etc.
5 ADJ child* is a proximity operator which returns articles with titles where child* appears within 5 words of each term listed.
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assurance assessment. It was unclear whether controls
were matched to cases. Pediatric outcomes were based on
valid and reliable measures (e.g., mortality rates, APGAR
scores), but the measures used to derive psychological
and neurological outcomes were poorly defined and justi-
fied (i.e., no information on validity or reliability, no jus-
tification for their selection, no citation). There was no
evidence that important confounding factors were con-
trolled (e.g., socioeconomic status and comorbid allergies
in mothers with asthma). Results do not always include p-
values and/or CIs or standard deviations. This study was
rated as unacceptable according to the SIGN assessment
and conclusions should be treated with caution.

Flannery et al. [19]

This is a large case control, epidemiological study (n =
17,283) where only 4% of cases had an immune disor-
der (n = 743). Immune disorders were recorded as part
of the collaborative perinatal project (CPP) database and
included ulcerative colitis, a history of asthma, type 1
diabetes, hypothyroidism and hyperthyroidism. Medical
history (recent and past) was recorded by trained staff
during the mother’s first perinatal visit. Controls were
only screened for the above five immune disorders and
therefore may have suffered from other immune disor-
ders. The timing of the asthma diagnosis is not specified
and the diagnosis itself was not independently confirmed.
In the CPP, pediatric-neurological examinations occurred
at 4 months, 12 months and 7 years, and psychological
examinations occurred at 8 months, 4 years and 7 years.
It is not clear when the Bayley Scales of Infant and Tod-
dler Development and the assessments of fine and gross
motor skills were completed. The diagnostic criteria used
for assessment of neurodevelopmental disorders at 7 years
(e.g., attention deficit disorder) are not explicitly specified.

Schatzetal. [20]

This study compared developmental outcomes of 15-
month-old infants born to mothers with and without
asthma. It had a large sample size (>350/group), used
valid and reliable measures of asthma (physical exami-
nation, spirometry, history and diagnosis of asthma) and
infant development (Bayley Scales), and implemented
appropriate analyses and adjustment of confounding vari-
ables. The mothers’ asthma was managed by physicians
during the study, in order to avoid exacerbations during
pregnancy. Therefore the conclusions cannot be extended
to infants born to mothers whose asthma is not well man-
aged during pregnancy.

Micali et al. [21]

This epidemiological study examined 97 children who
had been diagnosed with a pervasive developmental
disorder (PDD; e.g., autism, Aspergers disorder and

pervasive developmental disorder-not otherwise spec-
ified [PDD-NOS]). Diagnoses were not confirmed for
the study. The control group included children diag-
nosed with learning difficulties, developmental delays,
behavioral problems or medical disorders (e.g., genetic
conditions), but not typically developing children. Diag-
nosis of maternal asthma was obtained using a self-report
sociodemographic questionnaire and in 51% of cases, the
diagnoses of autoimmune conditions were confirmed by
the participant’s general practitioner (GP). Agreement
between GP and self-report diagnosis was high. The
response rate was lower for control parents than for
case parents. The control parents who did respond, as
compared to those who did not respond, reported higher
rates of developmental abnormalities and psychiatric
illnesses, which may have biased findings toward the null
hypothesis. The authors concluded that there was no
evidence of an increased incidence of maternal asthma
or autoimmune disorders among offspring with PDDs.

Croenetal. [22]

This large case-matched control study used physician-
documented, prospectively collected diagnoses of asthma
in mothers, and examined diagnoses which occurred at
different times during pregnancy. However, they did not
use gold standard measures for case confirmation, and
do not specify whether the asthma diagnosis occurred
at peak symptom profile. As a result, it is possible that
women who were asymptomatic during the study period
did not receive a diagnosis and that acute respiratory
infections may have been misdiagnosed as asthma.

Leonard et al. [23]

This large population-based study examined the inci-
dence of asthma and other health conditions during
pregnancy in mothers of children with intellectual dis-
abilities. Maternal health conditions may have been
underreported, as the study relied on accuracy of mid-
wife reports, asthma diagnosis was not confirmed with
gold-standard diagnostic procedures, and information
on maternal medication use was not available, although
level of asthma management was reported (i.e., well-
controlled, uncontrolled, treatment as usual). These issues
may have led to a bias in ORs toward the null hypothesis.

Mouridsen et al. [24]

This retrospective longitudinal case-control study inves-
tigated the incidence of autoimmune disease in parents of
330 control children and 111 cases with diagnosed infan-
tile autism. The data were derived from a large popula-
tion register and maternal autoimmune disease diagnoses
were based on medical records (the Danish National
Hospital Register [DNHR]). The observation period of



27 years captured the cumulative incidence of autoim-
mune diseases through adult life. While the reliability of
medical data is unknown, the validity of DHNR diagnoses
ranged from 75% to 90% [25]. Cases who were originally
given a diagnosis of “childhood psychosis” or “borderline
condition,” the terms used in the International Classifica-
tion of Diseases, 8th edition (ICD-8) [26], had their psy-
chiatric records assessed and were rediagnosed in 1985 in
accordance with the ICD-9 [27].

Lyall et al. [28]

This large, population-based, case control study identi-
fied cases from the California Department of Develop-
mental Services and available state birth files. Case confir-
mation was ascertained through rigorous, well-described,
validated methods, including medical records. Medical
records however were only available for 65% of partici-
pants, and agreement between records and self-reported
diagnoses was over 60% for asthma, 55% for allergies
and 30% for autoimmune conditions. Autoimmune con-
ditions may not have been recorded in obstetric records
if symptoms were not present during that time. There-
fore, the authors were unable to exclude the chance of
exposure misclassification, which may have biased results
toward the null hypothesis. Individual analysis for specific
autoimmune diseases was not possible due to low num-
bers.

Langridge et al. [29]

This population-based study was similar to Leonard et al.
[23] in its design and approach. It used population-based
data of children born between 1984 and 1999 who were
diagnosed with either intellectual disability (ID) or autism
spectrum disorder (ASD), with or without ID and exam-
ined the relationship with maternal conditions and peri-
natal factors. While the strength of this study is the abil-
ity to differentiate between effects on ASD and ID, the
diagnoses were not confirmed and diagnostic criteria may
have changed over those 15 years. Some children with
an ASD with ID diagnosis did not complete all cogni-
tive testing, and therefore the presence ID could not be
confirmed, possibly resulting in underestimation of ASD
alone and ASD with ID differences. Only a few cases were
diagnosed with severe ID which may have resulted in
underestimation of ID effects.

Patel et al. [30]

This retrospective-cohort study compared the severity
of ASD symptoms in 220 children of mothers with a
history of immune activation, a history of autoimmune
conditions and those without. Mothers reported diag-
noses of immune conditions occurring both prepreg-
nancy (N = 46) and postpregnancy (N = 3), but were

JOURNAL OF ASTHMA (&) 5

not confirmed by the authors. The study selected cases
with a DSM-1V clinical diagnosis of ASD, Asperger’s Syn-
drome, or PDD-NOS. ASD was confirmed by administer-
ing the Autism Diagnostic Observation Schedule-Generic
(ADOS-G). However, the social interaction, language and
repetitive/restrictive behaviors of the children were only
assessed via caregiver report using the Social Respon-
siveness Scale (SRS). Allergies and asthma were the only
conditions of women in the immune category, and were
grouped in all analyses. Thus, any findings are not spe-
cific to asthma. Statistical analyses did not correct for
multiple comparisons. There was a small but significant
effect of immune status on the total score and the cogni-
tion and mannerisms subscales of the SRS (which were
both completed by the mother) but not on the researcher-
administered ADOS-G. There were no significant effects
of maternal immune status on the motivation, commu-
nication or awareness subscales of the SRS. The authors
concluded that a history of maternal immune activation
is associated with caregiver-reported ASD severity symp-
toms but could not determine if these effects were specific
to asthma.

Inconclusive evidence for an association between
maternal asthma and atypical cognitive or
behavioral development of infants

Table 3 provides an overview of the characteristics of the
ten studies included in this review. Five studies provided
inconclusive evidence for an association between mater-
nal asthma and atypical cognitive or behavioral outcomes
for the infants, whereas the remaining five studies provide
evidence for no association.

Gordon et al. [18]

In 1970, 364 pregnant women with bronchial asthma were
identified from 30,861 women enrolled in the Collabora-
tive Research Project, which assessed cerebral palsy, ID
and other neurological and sensory disorders that may
occur in the perinatal period [31]. Of these, 47 women
were excluded because they were classified as having acute
bronchitis with bronchospasm but without asthmatic his-
tory, and 40 were excluded because they had a history
of asthma but experienced no symptoms and had not
sought treatment during their pregnancy. The final sam-
ple included 277 women who were receiving active man-
agement for their asthma, with 16 classified as having
severe asthma.

Compared to infants of mothers without asthma who
participated in the Collaborative Research Project, infants
born to mothers with asthma had almost double the rate
of perinatal mortality (3.2% vs. 5.9%, respectively) and a
higher percentage of abnormal neurological findings by
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12 months of age (1.7% vs. 2.7%, respectively). Neuro-
logical findings were not clearly specified. Although the
authors assessed psychological functioning at the 8 month
psychological examination, they did not report any statis-
tical differences in these results.

Croenetal. [22]

This case control study investigated the association
between diagnoses of maternal autoimmune diseases,
asthma and allergies in mothers and ASD diagnoses in
their offspring. The case control study was nested in a
cohort of 88,163 infants born between January 1995 and
June 1999 at the Kaiser Permanente Medical Care Pro-
gram facility in northern California. Of this cohort, 420
children aged 3-7 years were identified as having an ASD
diagnosis. Five controls without an ASD diagnosis per
case were randomly selected from the cohort of births
(n = 2100) and were frequency matched to cases on the
basis of sex, year of birth and hospital of birth. After
controlling for maternal age, maternal education, mater-
nal ethnicity and plurality, ORs higher than 2.0 were
observed for asthma diagnoses that were recorded during
trimesters one (OR, 2.8; 95% CI, 1.3-6.1) and two (OR,
2.2;95% CI, 1.1-4.2) of pregnancy. When controlling for
maternal medication use, ORs were only slightly reduced
for maternal asthma reported in the second trimester of
pregnancy (OR, 1.9; 95% CI, 1.0-3.7).

Leonard et al. [23]

This study investigated the relationship between a range
of maternal health conditions and ID in offspring in a
Western Australian (WA) sample. They used birth records
of children born in WA between 1983 and 1992 who were
identified as having an ID either through the Disabil-
ity Services Commission or educational sources and who
had midwife-completed records of pre-existing maternal
health conditions. Mild to moderate ID was defined as an
IQ between 35-40 and 69 depending on the assessment
used. Severe and profound ID was defined as an IQ less
than 35-40, which is consistent with the Diagnostic and
Statistical Manual of Mental Disorders (IV edition) [32].
There were 3387 cases of diagnosed ID in Western Aus-
tralia during that timeframe, of which 522 cases had a
biomedical cause (i.e., chromosomal anomalies, injuries)
and were excluded. The remaining 2865 children were
categorized as mild-moderate ID (n = 2462), severe or
profound ID (n = 212), or autistic spectrum disorder
(ASD) with ID (n = 191). A comparison group consisted
of 236,964 children without ID that were part of the same
birth cohort. Asthma was found to be the most com-
mon condition to affect mothers of children with mild-
moderate ID (4.8%). This is in comparison to 3.2% in

mothers of children without ID (OR, 1.52; 95% CI, 1.26—
1.83). In a stepwise logistic regression analysis that looked
at mild-moderate ID as the outcome variable and con-
tained all maternal conditions (e.g., asthma, diabetes mel-
litus, hypertension, anemia), sociodemographic variables
and birth year, maternal asthma was a significant predic-
tor (OR, 1.25; 95% CI, 1.02-1.54), along with stronger
predictors of maternal epilepsy (OR, 3.01; CI, 2.10-4.33),
and maternal renal and urinary conditions (OR, 1.65; CI,
1.06-2.56). Maternal asthma was not significant when
severe ID was included as the primary outcome variable
in these stepwise regression analyses.

Langridge et al. [29]

This study used birth records data for 383,153 live births
in Western Australia between 1984 and 1999 to examine
the effect of a range of maternal health conditions, socioe-
conomic status, labor and delivery issues, and neona-
tal outcomes on risk of ASD with/without ID, and ID
without a known cause in children. In total, 1179 cases
of ASD (727 cases of ASD with ID, 452 cases of ASD
without ID), 4576 cases of ID without ASD (4339 mild
cases and 237 severe cases) and 376,539 control chil-
dren (without and ASD or ID diagnosis) were included.
Univariate analyses revealed that maternal asthma was
associated with an increased risk of mild-moderate ID
(OR, 1.46; CI, 1.30-1.63), and ASD without ID (OR,
1.78; CI, 1.29-2.46). After adjusting for maternal con-
ditions and pregnancy complications, sociodemographic
variables and birth year, multivariate analyses revealed
that asthma was associated with an increased risk of mild-
moderate ID (OR, 1.28; CI 1.12-1.47), and ASD without
ID (OR, 1.41; CI 0.98-2.04). In a fully adjusted model
(i.e., maternal conditions, pregnancy complications, labor
and delivery factors, and neonatal and sociodemographic
characteristics were taken into account), asthma was asso-
ciated with 25% increased risk of mild-moderate ID. No
positive associations were found for ASD alone or severe
ID.

Patel et al. [30]

This recent study examined the relationship between
maternal immune and autoimmune conditions and sever-
ity of symptoms in ASD for their children. Two hundred
and twenty children with a diagnosis of ASD, Asperger’s
syndrome or PDD-NOS were selected from a cohort of
participants in the Western Australian Autism Biologi-
cal Registry. The ADOS-G was used by the researchers to
confirm a diagnosis of autism in the children. Caregivers
reported on the mother’s medical history, and completed
the SRS which measures a child’s level of social interac-
tion, language skills and repetitive or restrictive behaviors.
Children were then categorized based on the immune



and autoimmune history of the mother. The immune cat-
egory consisted of mothers with asthma and/or allergy.
There was a significant main effect of immune status on
the children’s total and some subscale scores on the SRS.
This indicates that children whose mothers reported suf-
fering from an immune condition (asthma or allergy)
were rated as having more severe SRS total scores, as
well as more severe symptoms on the cognition (ability
to understand social situations) and mannerisms (pres-
ence of restricted behaviors and/or unusual interests)
subscales. These associations remained significant after
removing from the analyses mothers who were diagnosed
with an immune disorder postpregnancy. No associations
were found between immune profile and the remaining
three subscales of the SRS, nor between immune profile
and results of the ADOS-G. Asthma-specific information
was not available.

Evidence for no association between maternal
asthma and atypical cognitive or behavioral
development of infants

Flannery et al. [19]

An epidemiological sample of 743 cases and 16,540 con-
trols was derived from the CPP, a prospective study of
pregnancy outcomes of 48,000 women enrolled at one of
12 university hospital clinics in the USA between 1959
and 1965. Children were assessed for neurological, phys-
ical and psychological development through to 8 years
of age via medical examinations at various time points.
Neurodevelopmental disorders were recorded at the 7-
year follow up, and included cerebral palsy, ID, seizures,
articulation disorder, reading or arithmetic disability,
verbal or performance aptitude deficits, and attention
deficit disorder. Cases included mothers with ulcera-
tive colitis and asthma. Controls were mothers without
ulcerative colitis, asthma, Type 1 diabetes, hypothy-
roidism or hyperthyroidism. Neither ulcerative colitis
nor asthma were associated with increased risk of any
neurodevelopmental disorder in the offspring.

Schatz et al. [20]

This study examined cognitive (e.g., perceptual abili-
ties, memory, object permanence, problem solving and
abstract thinking), language and psychomotor develop-
ment of 15-month-old infants born to 379 mothers with
well-managed asthma compared to 376 nonasthmatic
mothers, matched for age, smoking status, parity and
date of delivery. Asthma diagnosis was confirmed using
spirometry, asthma history, and physical examination.
Asthma was actively medically managed during preg-
nancy, in order to avoid acute episodes, night waking and
interference with normal daily activities. There was no
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significant difference in developmental indices of the Bay-
ley Scales between infants of mothers with asthma and
control mothers. Additionally, there was no relationship
between asthma severity (as indexed by emergency room
visits, corticosteroid use) and developmental scores on the
Bayley Scales. Regardless of maternal asthma status, lower
psychomotor development was associated with low birth-
weight (<2500 g) and low mental development was asso-
ciated with lower socioeconomic status.

Micali et al. [21]

This epidemiological study compared 79 cases with PDDs
and 61 controls, who had diagnoses of learning difficul-
ties, developmental delay, behavioral problems, and med-
ical disorders. Maternal asthma was one of a range of
maternal autoimmune disorders (including arthritis, pso-
riasis, eczema, inflammatory bowel disease, type 1 dia-
betes, among others). The two groups did not differ in the
percentage of mothers suffering from asthma (11.4% in
PDD, 13.5% in controls) or any autoimmune disorder.

Lyall et al. [28]

This study investigated whether maternal autoimmune
disease, asthma and/or allergy were associated with ASD
or developmental delay without autism (DD) in offspring,
in 560 cases with ASD (mean age 45.4 & 10.1 months),
168 cases with DD (42.4 &+ 9.4 months), and 391 control
(46.2 &= 9.0 months) children. Autism diagnosis was con-
firmed using the Autism Diagnostic Observation Sched-
ule and the Autism Diagnostic Interview-Revised [33, 34]
delivered by trained clinicians, but children’s age at time
of assessment is not reported. Autism-like symptoms and
behaviors were screened in DD cases and controls using
the Social Communication Questionnaire (SCQ) [35].
Inclusion criteria for controls included a score above 70
on the Mullen Scales of Early Learning (MSEL) [36] and
on the Vineland Adaptive Behavior Scales (VABS) [37],
and 14 or less on the SCQ. Inclusion criterial for DD was
ascore of 69 or less on the MSEL and VABS, and 14 or less
on the SCQ. Maternal exposure status was assessed when
the children were aged between 2 and 5 years. Maternal
autoimmune disease, asthma and allergy diagnoses were
confirmed via self-report on the Environmental Expo-
sures Questionnaire (EEQ), and Autoimmune Survey
(AIS), family medical history and medical records. These
questionnaires assessed diagnosis, index period (3mths
prior to pregnancy through to breastfeeding), lifetime
history, and age of onset (asthma). Medical records pro-
vided information on medication use, diagnosis, time
period (before and/or during pregnancy) and age of
onset. Overall, presence of maternal autoimmune disease
was associated with elevated odds of DD (OR = 1.58,
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95% CI 0.96-2.60), and ASD (OR = 1.43, 95% CI 0.96-
2.14). Combined risk for ASD+DD reached statistical
significance (OR = 1.46, 95% CI 1.01-2.09). No signif-
icant associations were present for specific autoimmune
disorders. In mediation analyses, asthma medication use
accounted for <1% of the association between maternal
asthma and ASD in the offspring. Maternal index period
asthma and allergies, or incident onset of asthma were not
significantly associated with increased risk of ASD or DD.

Mouridsen et al. [24]

Overall, this study found no association between any
maternal autoimmune diseases and childhood diagno-
sis of infantile autism. Out of a possible 35 autoimmune
disorders and asthma that were studied, only maternal
ulcerative colitis and paternal type 1 diabetes occurred
more frequently in parents of cases with infantile autism.
For cases with intellectual disabilities, mothers with an
autoimmune disease were significantly more likely to
have children with an IQ <50 than those without any
autoimmune disease (9/48 vs. 3/62, p = 0.03, OR = 4.5,
95% CI = 1.2-17.8).

Discussion

This is the first systematic review to examine the influ-
ence of maternal asthma on child cognitive and behav-
ioral development. Only 10 studies met our inclusion cri-
teria and their findings were mixed. Some studies report
a slightly increased incidence of asthma in mothers of
children with autistic spectrum disorder [22, 29], and
one study showed that, grouped together, the presence of
asthma and/or allergy in the mother is associated with
more severe social symptoms of ASD on some measures,
but not others [30]. Additionally, Lyall et al. [28] found
that overall, the presence of maternal autoimmune dis-
ease was associated with elevated odds of developmen-
tal delay, ASD, and combined ASD+DD. However, they
did not find any significant effect of any specific autoim-
mune disorder. Other studies have found no association
between maternal asthma and autism [24], neurodevel-
opmental disorder [19] or PDDs [21].

Compared to a range of maternal health conditions,
maternal asthma was associated with an increased risk for
mild-moderate ID in offspring [23, 29]. However, mater-
nal diabetes, renal and urinary conditions and epilepsy
were even stronger predictors of risk of ID in offspring.
Schatz et al. [20] concluded that the risk of negative infant
developmental outcomes did not differ between moth-
ers with well-managed asthma during pregnancy and
nonasthmatic mothers.

Where maternal asthma was found to be significantly
associated with ASD, this association disappeared once
sociodemographic and other variables were taken into
account [29]. Asthma has also been reported significantly
more often in mothers of children with autism as com-
pared to controls [22], especially families who had more
than one child affected by autism, possibly suggestive of
a common gene link between the etiology of autism and
atopic diseases. The association between maternal asthma
and child autism was stronger when asthma was diag-
nosed during the second trimester, but was eliminated
after controlling for confounding factors. Additionally
Lyall et al. [28] found that maternal index period asthma
and allergies, or incident onset of asthma were not sig-
nificantly associated with increased risk of ASD or DD in
offspring, suggesting no adverse effect of maternal asthma
onset on child behavioral development.

A number of other studies [19, 21, 24] found no effect
of maternal asthma on diagnosis or risks for autism, PDD
or neurodevelopmental disorders. Discrepancies may be
due to differences in source of diagnostic information
(e.g., medical records vs. self-report), study power and
sample size, severity and treatment of asthma, inclusion
of range of immune and autoimmune diseases, differences
in the time periods examined, and/or inconsistencies in
classification and diagnosis of allergies, ASD and related
disorders and other illnesses.

Gordon et al. [18] reported that infants born to moth-
ers with asthma showed greater incidence of vaguely
defined “neurological abnormalities” compared to control
infants. This contrasts with the finding of Schatz et al. [20]
who reported no negative neurodevelopmental in off-
spring of mothers with well-controlled asthma. Gordon’s
study was published prior to the introduction of inhaled
corticosteroids for preventative treatment of asthma. A
previous meta-analysis of adverse perinatal outcomes in
pregnant women with asthma found that studies which
reported active management of asthma during pregnancy
demonstrated no increased risk of outcomes including
preterm delivery and neonatal hospitalization, while
studies which did not report active management showed
a statistically increased risk [3, 4]. This suggests that the
adverse effects of maternal asthma on perinatal outcomes
may be modifiable by improved asthma management,
and this may extend to better outcomes in childhood.
These findings are encouraging as they show clear evi-
dence that, when asthma is actively and aggressively
medically managed throughout pregnancy, there are no
negative outcomes for infants. However, none of the
existing studies assessed whether asthma medication or
treatment impacts cognitive and behavioral outcomes of
the child. Further work is needed to confirm that there



are no negative outcomes for the children of pregnant
women receiving treatment as usual for their asthma.

Conclusion

While some studies report a link between atypical devel-
opment and maternal asthma during pregnancy, these
findings are weak and rely mostly on retrospective or epi-
demiological studies. It is difficult to directly compare
many of the studies included in this review because they
differ in when and where they were conducted, and this
leads to large variation in the asthma medications used,
the access to medical facilities, the level of pollution and
the exposure to infection. None of the studies examined
the effects of different asthma medications or treatment
as usual during pregnancy on the cognitive or behav-
ioral development of the child. The only prospective, well-
controlled study shows that, when well-managed medi-
cally, maternal asthma during pregnancy does not impact
the infant’s cognitive and behavioral development at 15
months [20]. This is consistent with evidence that well
managed asthma during pregnancy is not associated with
increased perinatal mortality or morbidity [e.g., 38, 39].
However, these conclusions need to be considered with
caution, given the paucity of prospective, well-controlled,
longitudinal studies examining cognitive and behavioral
developmental in children born to mothers with asthma
during pregnancy. Given the state of the evidence, the cur-
rent recommendation is that asthma during pregnancy
needs to be actively and aggressively managed so as to
minimize any risk of atypical cognitive or behavioral
development in the offspring. We recommend that future
studies include more consistent measures to assess and
monitor the severity and control of asthma in the mother
during pregnancy. Likewise, there is a need for studies that
use well-established, valid and reliable measures of cog-
nitive, language and motor development of the child, and
well-established criteria for diagnosing ID, developmen-
tal delay, ASD and ASD-related disorders in the child.

Disclosure statement

OW and CM were supported by an Australian Postgraduate
Awards. V.E.M. was supported by an Australian Research Train-
ing Fellowship (part-time, grant ID 455626) and Career Devel-
opment Fellowship from the NHMRC (grant ID 1084816). This
research received no specific grant support from any funding
agency in the public, commercial, or not-for-profit sectors. The
authors declare that they have no relevant conflicts of interest.
This review did not require ethical approval.

Acknowledgement

Our thanks to Max W. Katz-Barber for his assistance with
reviewing articles for this paper.

JOURNAL OF ASTHMA n

ORCID

Frini Karayanidis

http://orcid.org/0000-0002-3317-9954

Vanessa E. Murphy @ http://orcid.org/0000-0003-3282-1324

Alison E. Lane
Linda E. Campbell

http://orcid.org/0000-0003-0378-9716
http://orcid.org/0000-0002-8872-9626

References

1.

10.

11.

12.

Sawicki E, Stewart K, Wong S, Leung L, Paul E, George
J. Medication use for chronic health conditions by preg-
nant women attending an Australian maternity hospi-
tal. Aust N Z ] Obstet Gynaecol. 2011;51(4):333-338.
doi:10.1111/j.1479-828X.2011.01312.x.

. Hansen C, Joski P, Freiman H, Andrade S, Toh S, Dublin

S, et al. Medication exposure in pregnancy risk evaluation
program: The prevalence of asthma medication use during
pregnancy. Matern Child Health J. 2013;17(9):1611-1621.
doi:10.1007/s10995-012-1173-x.

. Murphy VE, Namazy J, Powell H, Schatz M, Chambers C,

AttiaJ, et al. A meta-analysis of adverse perinatal outcomes
in women with asthma. BJOG. 2011;118(11):1314-1323.
doi:10.1111/j.1471-0528.2011.03055.x.

. Murphy VE, Wang G, Namazy J, Powell H, Gibson

P, Chambers C, et al. The risk of congenital malfor-
mations, perinatal mortality and neonatal hospitalisa-
tion among pregnant women with asthma: a systematic
review and meta-analysis. BJOG. 2013;120(7):812-822.
doi:10.1111/1471-0528.12224.

. Wang G, Murphy VE, Namazy J, Powell H, Schatz M,

Chambers C, et al. The risk of maternal and placental com-
plications in pregnant women with asthma: a systematic
review and meta-analysis. ] Matern Fetal Neonatal Med.
2014;27(9):934-942. doi:10.3109/14767058.2013.847080.

. Schatz M, Dombrowski MP, Wise R, Thom EA, Lan-

don M, Mabie W, et al. Asthma morbidity during
pregnancy can be predicted by severity classifica-
tion. J Allergy Clin Immunol. 2003;112(2):283-288.
doi:10.1067/mai.2003.1516.

. Murphy VE, Clifton VL, Gibson PG. The effect of

cigarette smoking on asthma control during exacer-
bations in pregnant women. Thorax. 2010;65:739-744.
doi:10.1136/thx.2009.124941.

. Sachs BP, Brown RS, Yeh J, Acker D, Niaraki M. Is mater-

nal alkalosis harmful to the fetus? Int ] Gynaecol Obstet.
1987;25(1):65-68. doi:10.1016/0020-7292(87)90186-X.

. Clifton VL, Murphy VE. Maternal asthma as a model

for examining fetal sex-specific effects on maternal
physiology and placental mechanisms that regu-
late human fetal growth. Placenta. 2004;25:S45-S52.
doi:10.1016/j.placenta.2004.01.004.

Murphy VE, Zakar T, Smith R, Giles WB, Gibson PG,
Clifton VL. Reduced 11B-hydroxysteroid dehydrogenase
type 2 activity is associated with decreased birth weight
centile in pregnancies complicated by asthma. J Clin
Endocrinol Metab. 2002;87(4):1660-1668.

Murphy VE, Clifton VL. Alterations in human placen-
tal 118-hydroxysteroid dehydrogenase type 1 and 2 with
gestational age and labour. Placenta. 2003;24(7):739-744.
doi:10.1016/S0143-4004(03)00103-6.

Murphy VE, Gibson PG, Talbot PI, Clifton VL.
Severe asthma exacerbations during pregnancy.


http://orcid.org/0000-0002-3317-9954
http://orcid.org/0000-0003-3282-1324
http://orcid.org/0000-0003-0378-9716
http://orcid.org/0000-0002-8872-9626
https://doi.org/10.1111/j.1479-828X.2011.01312.x
https://doi.org/10.1007/s10995-012-1173-x
https://doi.org/10.1111/j.1471-0528.2011.03055.x
https://doi.org/10.1111/1471-0528.12224
https://doi.org/10.3109/14767058.2013.847080
https://doi.org/10.1067/mai.2003.1516
https://doi.org/10.1136/thx.2009.124941
https://doi.org/10.1016/0020-7292(87)90186-X
https://doi.org/10.1016/j.placenta.2004.01.004
https://doi.org/10.1016/S0143-4004(03)00103-6

2 O. M. WHALEN ET AL.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Obstet  Gynecol.  2005;106(5, Part
do0i:10.1097/01.A0G.0000185281.21716.02.
Clifton VL, Engel P, Smith R, Gibson P, Brinsmead M,
Giles WB. Maternal and neonatal outcomes of pregnan-
cies complicated by asthma in an Australian popula-
tion. Aust N Z J Obstet Gynaecol. 2009;49(6):619-626.
doi:10.1111/j.1479-828X.2009.01077 ..

Murphy VE, Gibson PG. Asthma in pregnancy. Clin Chest
Med. 2011;32(1):93-110. doi:10.1016/j.ccm.2010.10.001.
Murphy VE, Schatz M. Asthma in pregnancy: A
hit for two. Eur Respir Rev. 2014;23(131):64-68.
doi:10.1183/09059180.00008313.

Moher D, Liberati A, Tetzlaft ], Altman DG, Prisma Group.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med. 2009;6(7):
1-6.

Scottish Intercollegiate Guideline Network. SIGN 50: A
guideline developers’ handbook [Internet]. Edinburgh,
Scotland: Scottish Intercollegiate Guideline Network;
2001 [2014 Mar 20, cited 2017 09 28]. Available from:
http://www.sign.ac.uk/guidelines/fulltext/50/

Gordon M, Niswander KR, Berendes H, Kantor AG. Fetal
morbidity following potentially anoxigenic obstetric con-
ditions. VII. Bronchial asthma. Am ] Obstet Gynecol.
1970;106(3):421-429. doi:10.1016/0002-9378(70)90371-6.
Flannery KA, Liederman J. A test of the immunoreactive
theory for the origin of neurodevelopmental disorders in
the offspring of women with immune disorder. Cortex.
1994;30(4):635-46. doi:10.1016/S0010-9452(13)80240-7.
Schatz M, Harden K, Kagnoff M, Zeiger RS, Chilingar
L. Developmental follow-up in 15-month-old infants
of asthmatic vs. control mothers. Pediatr Allergy
Immunol.  2001;12(3):149-153.  doi:10.1034/j.1399-
3038.2001.012003149.x.

Micali N, Chakrabarti S, Fombonne E. The broad autism
phenotype: findings from an epidemiological survey.
Autism. 2004;8(1):21-37. d0i:10.1177/1362361304040636.
Croen LA, Grether JK, Yoshida CK, Odouli R, Van de
Water J. Maternal autoimmune diseases, asthma and aller-
gies, and childhood autism spectrum disorders: A case-
control study. Arch Pediatr Adolesc Med. 2005;159(2).
doi:10.1001/archpedi.159.2.151.

Leonard H, de Klerk N, Bourke J, Bower C. Maternal health
in pregnancy and intellectual disability in the offspring: A
population-based study. Ann Epidemiol. 2006;16(6):448—
454. doi:10.1016/j.annepidem.2005.05.002.

Mouridsen SE, Rich B, Isager T, Nedergaard NIJ.
Autoimmune diseases in parents of children with
infantile autism: a case-control study. Dev Med
Child Neurol. 2007;49(6):429-432. doi:10.1111/j.1469-
8749.2007.00429.x.

Mosbech ], Jorgensen J, Madsen M, Rostgaard K,
Thornberg K, Poulsen TD. The national patient reg-
istry. Evaluation of data quality. Ugeskrift for laeger.
1995;157(26):3741-3745.

World Health Organization. International classification of
diseases. 8th ed. Copenhagen (DK): Sundhedsstyrelsen;
1971.

World Health Organization. Mental disorders: glossary
and guide to their classification in accordance with the
ninth revision of the international classification of diseases.
Geneva (CH): World Health Organization; 1978. 95 p.

1):1046-1054.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Lyall K, Ashwood P, Van de Water ], Hertz-Picciotto I
Maternal immune-mediated conditions, autism spectrum
disorders, and developmental delay. ] Autism Dev Disord.
2014;44(7):1546-1555.

Langridge AT, Glasson EJ, Nassar N, Jacoby P, Pen-
nell C, Hagan R, et al. Maternal conditions and perina-
tal characteristics associated with autism spectrum disor-
der and intellectual disability. PLoS one. 2013;8(1):1-10.
doi:10.1371/journal.pone.0050963.

Patel S, Masi A, Dale RC, Whitehouse AJ, Pokorski I,
Alvares GA, Hickie IB, Breen E, Guastella AJ. Social
impairments in autism spectrum disorder are related
to maternal immune history profile. Mol Psychiatry.
2017;00:1-4. doi:10.1038/mp.2017.201

Berendes HW. The structure and scope of the collabo-
rative project on cerebral palsy, mental retardation, and
other neurological and sensory disorders of infancy and
childhood. In: Chipman SS, Lilienfeld AM, Greenberg BG,
Donnelly JF, editors. Research methodology and needs in
perinatal studies. Sangamon County: Charles C Thomas
Publisher; 1966:118-138.

American Psychiatric Association. Diagnostic and statisti-
cal manual of mental disorders. 4th ed. Arlington: Ameri-
can Psychiatric Association; 1994:886.

Lord C, Rutter M, Goode S, Heemsbergen J, Jordan H,
Mawhood L, Schopler E. Austism diagnostic observation
schedule: A standardized observation of communicative
and social behavior. ] Autism Dev Disord. 1989;19(2):185-
212. doi:10.1007/BF02211841.

Lord C, Rutter M, Le Couteur A. Autism Diagnos-
tic Interview-Revised: a revised version of a diagnostic
interview for caregivers of individuals with possible per-
vasive developmental disorders. ] Autism Dev Disord.
1994;24(5):659-685. doi:10.1007/BF02172145.

Rutter M, Bailey A, Lord C. The social communication
questionnaire: Manual. Torrance: Western Psychological
Services; 2003:23.

Mullen EM. Mullen scales of early learning. Circle Pines:
AGS; 1995:23.

Sparrow SS, Balla DA, Cicchetti DV, Harrison PL, Doll
EA. Vineland adaptive behavior scales. Circle Pines: AGS;
1984.

Jana N, Vasishta K, Saha SC, Khunnu B. Effect of
bronchial asthma on the course of pregnancy, labour
and perinatal outcome. Obstet Gynecol. 1995;21(3):
227-232.

Schatz M, Zeiger RS, Hoffman CP, Harden K, Forsythe A,
Chilingar L, et al. Perinatal outcomes in the pregnancies of
asthmatic women: a prospective controlled analysis. Am ]
Respir Crit Care Med. 1995;151(4):1170-1174.

Jaakkola JJ, Ahmed P, Ieromnimon A, Goepfert P, Laiou
E, Quansah R, et al. Preterm delivery and asthma: a sys-
tematic review and meta-analysis. ] Allergy Clin Immunol.
2006;118(4):823-830. doi:10.1016/j.jaci.2006.06.043.
Murphy VE, Clifton VL, Gibson PG. Asthma exacerba-
tions during pregnancy: Incidence and association with
adverse pregnancy outcomes. Thorax. 2006;61(2):169-176.
doi:10.1136/thx.2005.049718.

Lim RH, Kobzik L, Dahl M. Risk for asthma in
offspring of asthmatic mothers versus fathers:
a  meta-analysis. PloS  One. 2010;5(4):e10134.
doi:10.1371/journal.pone.0010134.


https://doi.org/10.1097/01.AOG.0000185281.21716.02
https://doi.org/10.1111/j.1479-828X.2009.01077.x
https://doi.org/10.1016/j.ccm.2010.10.001
https://doi.org/10.1183/09059180.00008313
http://www.sign.ac.uk/guidelines/fulltext/50/
https://doi.org/10.1016/0002-9378(70)90371-6
https://doi.org/10.1016/S0010-9452(13)80240-7
https://doi.org/10.1034/j.1399-3038.2001.012003149.x
https://doi.org/10.1177/1362361304040636
https://doi.org/10.1001/archpedi.159.2.151
https://doi.org/10.1016/j.annepidem.2005.05.002
https://doi.org/10.1111/j.1469-8749.2007.00429.x
https://doi.org/10.1371/journal.pone.0050963
https://doi.org/10.1038/mp.2017.201
https://doi.org/10.1007/BF02211841
https://doi.org/10.1007/BF02172145
https://doi.org/10.1016/j.jaci.2006.06.043
https://doi.org/10.1136/thx.2005.049718
https://doi.org/10.1371/journal.pone.0010134

	Abstract
	Introduction
	Methods
	Search strategy
	Study selection and summary measures
	Risk of bias assessment and synthesis of results

	Results
	Notes on risk of bias issues
	Inconclusive evidence for an association between maternal asthma and atypical cognitive or behavioral development of infants
	Evidence for no association between maternal asthma and atypical cognitive or behavioral development of infants

	Discussion
	Conclusion
	Disclosure statement
	Acknowledgement
	ORCID
	References

