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ASTHMA DURING PREGNANCY
What is the Prevalence of Asthma
During Pregnancy?

The burden of asthma in pregnancy is increasing
worldwide,1,2 with European estimates of at least
4% of women having asthma,3 and at least 8%
of women in antenatal clinics in the United
Kingdom having asthma.4 Increases in asthma
prevalence have also been reported in the United
States1 from around 3% to more than 8% since
1994.2 In Australia the prevalence of asthma in
pregnancy is 12%.5 As the most common respira-
tory disorder to complicate pregnancy, asthma
represents a significant public health issue.
Adequate asthma treatment and careful manage-
ment is the key to a successful pregnancy
outcome for these mothers and babies.

Can Changes in Asthma Be Expected
in Pregnancy?

Most women with asthma experience a change in
their disease control while pregnant. While for one-
third this is an improvement, for at least one-third
of women it is a worsening.6,7 These changes are
unpredictable from woman to woman and from
pregnancy to pregnancy,8 necessitating careful
regular review of asthma during pregnancy. In
the 1980s, subjective questionnaires completed
by a large prospective cohort of 330 pregnant
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women in the United States provided evidence of
the “one-third hypothesis,” indicating that among
women who rated their asthma as having wors-
ened, symptoms of wheeze and sleep and activity
limitation due to asthma were significantly
increased between 25 and 32 weeks’ gestation.7

Among women reporting an improvement,
however, there was a decrease in wheeze and little
change in sleep/activity interference. These obser-
vations suggested that asthma control (wheezing,
nocturnal asthma, activity limitation) is altered in
the latter stages of pregnancy.

Until recently, few studies had assessed asthma
changes during pregnancy using objective
measures.9e11 Studies in the 1970s and 1980s
among small cohorts of women found no
pregnancy-related changes in lung function
measured by spirometry in either asthmatic or non-
asthmatic women.9,11 Juniper and colleagues9,12

described an overall improvement in methacholine
airway responsiveness in the second trimester
compared with preconception; however, no rela-
tionship with serum progesterone or estriol
concentrations was found. Peak expiratory flow
values have recently been analyzed throughout
pregnancy and have been found to increase with
each trimester in a cohort of 43 women with
asthma.13 It is possible that the increase in proges-
terone with advancing gestation contributes to
cyclic adenosinemonophosphate (cAMP)-induced
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bronchodilation, thereby improving asthma and
peak flow.13 Also recently analyzed were changes
in asthma severity from a cohort of 641 pregnant
women with asthma, for whom medication use
and asthma symptoms had been recorded several
times through the second half of pregnancy.14

Severity before pregnancy and in each month of
pregnancy was described as intermittent, mild
persistent, or moderate/severe, according to the
Global Initiative for Asthma (GINA) guidelines.
There was little evidence of any pregnancy-
specific changes in asthma severity when data
were stratified by prepregnancy severity rating;
however, the measure of severity as a GINA cate-
gory lacks sensitivity. The only group that had
a significant change was the mild persistent group,
where severity was reduced in months 6 and 9
compared with the second month. Among the
factors analyzed (race, age, atopic status, prepreg-
nancy asthma severity, body mass index [BMI],
parity, fetal sex, smoking, and use of medication
according to guidelines), only the prepregnancy
severity and medication use was related to
changes in asthma severity during pregnancy,
with prepregnancy status predicting worse asthma
in pregnancy, and lack of appropriate medication
use being related to more severe asthma in
pregnancy.14

A potentially useful objective marker of airway
inflammation in asthma is fractional exhaled nitric
oxide (FENO). In a small cross-sectional study,
Tamasi and colleagues15 found that FENO was
not altered by pregnancy itself, but among preg-
nant women with asthma FENO was correlated
with the level of asthma control. Unfortunately
measures of FENO were not taken prospectively
through pregnancy, so any effect of the stage of
pregnancy on this inflammatory marker is
unknown. Further studies are required to elucidate
the predictors for clinically relevant changes in
asthma control during pregnancy.
What are the Risk Factors for Asthma
Exacerbations During Pregnancy?

Exacerbations are an important clinical feature of
asthma and when severe, may require hospitaliza-
tion. During pregnancy, around 5.8% of women
are hospitalized with an exacerbation of asthma,16

with some studies reporting more than 20% of
women having exacerbations requiring medical
intervention, including hospitalization, unsched-
uled doctor visits, and use of emergency
therapy.17,18 Even among well-managed cohorts,
the exacerbation rate is high.18,19 In Australia,
36% of women had a severe exacerbation
requiring medical intervention for asthma during
pregnancy and a further 19% had a mild exacer-
bation during pregnancy.19

While exacerbations may occur at any time
during gestation, they appear to be more common
in the late second trimester.6,19e21 A Canadian
study found that visits to the emergency depart-
ment for asthma exacerbations was clearly distinct
from visits for other reasons, peaking in the second
trimester and falling as gestation advanced.22

Asthma exacerbations are unlikely to occur during
labor and delivery7,23e25; however, one study
described 46% of women with severe asthma
having symptoms during labor.18

Women with severe asthma are most likely to
experience exacerbations in pregnancy.6,18,19,26 In
one study, severe exacerbations requiring medical
intervention occurred among 8% of women with
mild asthma, 47% of women with moderate
asthma, and 65% of women with severe asthma.19

Women with severe exacerbations in pregnancy
have significantly lower asthma-specific quality of
life, whichmay be amore sensitivemeasure of limi-
tations due to asthma than symptoms alone.27 The
effects of atopy, sinusitis, and gastroesophageal
reflux on exacerbations require further investiga-
tion, as these conditions may worsen in pregnancy
leading to an exacerbation of asthma.28 Other risk
factors for exacerbation during pregnancy include
inadequate prenatal care,29,30 obesity,14,31 and
lack of appropriate treatment with inhaled
corticosteroids.19e21,32 Almost one-third of women
self-reported nonadherence to prescribed inhaled
corticosteroid (ICS) medication before a severe
exacerbation.19 In Finland, the risk of having an
exacerbation was reduced by more than 75%
among women who were regular users of ICS.21

More recent data demonstrated a higher rate of
emergency department and physician visits during
pregnancy among women who did not use ICS
before pregnancy.32 Improvements in asthma
management that address the issue of ICS nonad-
herence may reduce the exacerbation rate among
pregnant women.
There are limited data addressing the causal

factors of severe asthma exacerbations during
pregnancy; however, several studies have sug-
gested that respiratory tract viral infections may
be common contributors,19,20,33,34 as they are in
children and nonpregnant adults.35 Viral infection
was the most common self-reported cause of
severe asthma exacerbations, reported by 34%
of women.19 Pregnant women may be more
susceptible to viral infection, due to changes in
cell-mediated immunity during pregnancy.6 Preg-
nant women and those with asthma are certainly
2 groups with significantly increased susceptibility
to infection with influenza strains, including
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seasonal and H1N1 influenza.36,37 In the early
stages of the H1N1 pandemic in the United States,
7% of hospitalized patients were pregnant, with
22%of these women also having asthma.36 In total
9% of all admissions to intensive care units and
16% of all deaths were among pregnant women,
indicating that both the prevalence of illness and
its severity is increased with pregnancy.36 Specific
studies of cohorts of pregnant women have shown
that those with asthma were more likely to have an
upper respiratory tract or urinary tract infection
during pregnancy than those without asthma, with
severe asthma being associated with significantly
more infections than mild asthma.38 However, this
evidence comes from a retrospective study relying
on self-report of infection, and further evaluation
using a prospective study design with objective
confirmation of viral infection and specific identifi-
cation of the viruses responsible may provide
useful data. A study from New York suggested
that prevention of infection may improve asthma
symptoms among pregnant women, demon-
strating an improvement in asthma symptoms
during pregnancy among 50% of women who
received an influenza vaccine, compared with
improvement among only 15% of women not
receiving the vaccine.39
What are the Mechanisms for Changes
in Asthma During Pregnancy?

Over the years the involvement of hormones,
altered immune function, and fetal sex in
pregnancy-related changes in asthma have been
proposed as mechanisms. Increases in maternal
hormones during pregnancy may contribute to
physiologic changes that result in improved
asthma, for example, the promotion of anti-
inflammatory effects by the increase in serum free
cortisol.34,40 Progesterone may contribute to
improved asthma via increased minute ven-
tilation,41 smooth muscle relaxation,42 or cAMP-
induced bronchodilation.13 On the other hand,
progesterone may contribute to worsening asthma
via changes in b2-adrenoreceptor responsiveness
and airway inflammation.43 Among nonpregnant
women, a high proportion of asthmatics have an
abnormal concentration of either progesterone or
estradiol compared with nonasthmatics,44 which
may explain why the progression of asthma during
pregnancy differs between women.

A novel marker of the immunotolerance of
pregnancy is heat shock protein (Hsp) 70,
which is decreased in the circulation of healthy
pregnant women as compared with nonpregnant
adults.45,46 Women with asthma have higher levels
of Hsp70 than their nonasthmatic counterparts;
however, the role of this marker in chronic inflam-
mation of asthma and its potential relationship
with perinatal outcomes of these pregnancies
requires further investigation.46 Other alterations
in the maternal immune system during pregnancy
such as a suppression of cell-mediated immunity,
and the development of a predominantly Th2 cyto-
kine environment, which is essential for fetal
survival,47 may contribute to changes in asthma.
Th2 cytokine polarization typical of allergic asthma
may be heightened by the Th2 polarization of preg-
nancy. The placenta has a very high Th2:Th1 cyto-
kine ratio, which was further elevated in samples
collected from women with asthma who did not
use ICS treatment during pregnancy.48 In a cross-
sectional analysis, interleukin (IL)-4 and inter-
feron-geproducing T-lymphocyte subsets were
found to be significantly increased in pregnant
women with asthma, compared with healthy preg-
nantwomen and nonpregnant asthmaticwomen.49

However, this was not related to whether women
perceived their asthma to have improved or wors-
ened during pregnancy.49 In a recent study, there
was no evidence of enhanced lymphocyte activa-
tion among pregnant women with asthma as
comparedwith healthy pregnant women.50 In addi-
tion, no differences in maternal IL-6, IL-8, eotaxin,
and RANTES concentrations were found in the
peripheral blood of pregnant women with asthma
in the third trimester, compared with pregnant
controls.51 However, bronchial epithelial cells
demonstrated increased production of IL-8 and
sICAM-1 in the presence of plasma from pregnant
women with asthma, and results were suggestive
of an increased chemotactic capacity,52 which
may be a mechanism contributing to worsening
asthma in some pregnant women.

It has been hypothesized that the progression of
maternal asthma symptoms in pregnancy may be
influenced by the sex of the fetus.53e56 Recently,
Bakhireva and colleagues57 demonstrated that
women pregnant with a female fetus had a higher
incidence of hospitalization for asthma during
pregnancy. However, other reports do not support
this association.8,22,58 The largest study in this
area of more than 10,000 asthmatic pregnancies
in Quebec found no differences between women
pregnant with male and female fetuses with regard
to the occurrence of severe exacerbations, or the
use of ICS or short-acting b2-agonist (SABA)
treatment.58
CHANGES IN ASTHMA AFFECT BOTH
MOTHER AND BABY

In addition to the effect of pregnancy on asthma, it
has been well described that asthma affects
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a wide range of pregnancy outcomes, related to
both the mother (Table 1) and the neonate
(Table 2). However, there is conflicting evidence
in the literature regarding these effects, possibly
due to sizeable variation in study design, sample
size, and confounding factors in each published
report. Many of the studies reporting increased
risk of perinatal complications with asthma have
been large database studies, whereas many of
the studies not finding increased risks have been
among smaller, yet better managed cohorts of
pregnant women. It is possible and likely that
better management of asthma improves outcomes
among pregnant women; however, smaller clinical
studies may also lack the power to detect
increased risks in this population.
Is Asthma Associated with Poor Maternal
Outcomes in Pregnancy?

In several prospective and retrospective cohort
studies, pregnant women with asthma have been
identified as being at increased risk of
pregnancy-induced hypertension (PIH) or pree-
clampsia.21,25,59e69 For example, in Finland, 15%
of women with asthma developed preeclampsia
compared with 5% of women without asthma,
with the rate even higher at 25% among women
using oral steroids.25 A relationship between oral
steroid use, but not ICS use, and the development
of PIH was also described by a case-control
study.70 Another study found that women with
moderate to severe symptoms during pregnancy
were at increased risk of preeclampsia, suggestive
of a role of active maternal inflammation,68 while
others have described an association with
reduced lung function.71

However, there are also numerous reports from
prospective23,38,72e74 and retrospective cohort
studies75,76 that do not find an increased risk of
Table 1
Cohort studies examining the risk of maternal comp

Maternal Outcome

Number of S

Increased Risk with
Maternal Asthmaa

Preeclampsia or
pregnancy-induced
hypertension

1321,25,59e69

C section 134,25,61,62,64,65,69,72,74,76,81e83

Gestational
diabetes

462,65,69,76

a Compared with women without asthma.
preeclampsia or PIH among pregnant women
with asthma. In particular, a study of 486 pregnant
women with actively managed asthma and 486
matched controls demonstrated no increased
risk on this and other perinatal complications,73

suggesting that asthma that is well controlled
does not have significant adverse effects on either
the mother or baby.
There is no evidence that asthma exacerbations

in pregnancy are associated with an increased risk
of preeclampsia.16,21,70,73,74 In other studies,
exacerbations prior to pregnancy increased the
risk of PIH and pre-eclampsia,70,77 suggesting
that the underlying severity of asthma is an impor-
tant factor.
Together, these studies suggest that severity,

rather than control or exacerbations, may be
related to the increased risk of preeclampsia in
asthmaticwomen, possibly due to a commonpath-
ogenesis of the 2 diseases, such as mast cell infil-
tration into the smooth muscle of both the lungs
and myometrium.78 Preeclampsia has been
associated with airway hyperresponsiveness.78

Measurements in postpartum women with and
without asthma indicated that those with a history
of preeclampsia required significantly less metha-
choline to produce a 20% decrease in lung func-
tion, compared with women with previously
normotensive pregnancies. Vascular hyperreac-
tivity is another potential mechanism leading to
changes in uteroplacental blood flow observed in
vitro in placentas from women with moderate and
severe asthma79 and women with preeclampsia.80

Few studies have been specifically designed to
test an association between maternal asthma and
gestational diabetes. However, many large studies
have examined this outcome, along with others,
and have concluded that there is no increased
risk in women with asthma.21,23,25,38,59,66,72e74

Some studies62,65,69,76 did find an increased risk
lications of pregnancy with asthma

tudies Association of
Outcome with
Asthma Exacerbations
in Pregnancy

No Effect of
Maternal Asthmaa

723,38,72e76 No

323,66,75 No

921,23,25,38,59,66,72e74 No



Table 2
Cohort studies examining the risk of fetal and neonatal complications with maternal asthma

Fetal/Neonatal
Outcome

Number of Cohort Studies Association of
Outcome with
Asthma Exacerbations
in Pregnancy

Increased Risk with
Maternal Asthmaa

No Effect of Maternal
Asthmaa

Congenital
malformations

361,109,110 84,17,21,23,64,72,73,76 Yes

Perinatal
mortality

360,88,108 95,21,23,25,69,72e74,82 No

Preterm labor
or delivery

1159,60,61,64,65,69,72,76,86,87,98 75,17,21,23,38,73,75 Yes

Low birth weight
or intrauterine
growth restriction

134,5,23,56,59,60,61,64,76,81,83,85,86 826,38,66,72,73,82,87,88 Yes

Neonatal sepsis 172 14 No

Transient tachypnea
of the newborn

34,61,121 172 No

a Compared with women without asthma.
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of gestational diabetes, and in one of these the
increased risk occurred in oral steroidedependent
asthmatics only.76
Is Asthma Associated with Increased Medical
Intervention During Labor and Delivery?

Many studies of both prospective and retrospec-
tive design have concluded that maternal asthma
is a risk factor for delivery by cesarean (C)
section.4,25,61,62,64,65,69,72,74,76,81e83 However, the
majority of these studies have described either
total C sections or elective C sections only, with
one study specifically showing an increase in C
sections for fetal distress.76 Although there was
an increase in total C sections among mothers
with asthma, Dombrowski and colleagues72 found
no increase in C sections for fetal distress
compared with mothers without asthma. Similarly,
Clark and colleagues4 showed an increase in elec-
tive C sections among women with asthma, but no
increase in emergency C sections. In the large
Swedish Medical Birth Registry study, the
increased risk remained after excluding women
with medical conditions associated with C
delivery, such as preeclampsia, premature rupture
of membranes, and gestational diabetes.62 Some
studies have found an increase in complications
such as placental abruption62,84 and premature
rupture of membranes,69,76 which may contribute
to the higher rate of C sections among women
with asthma.
Is Asthma Associated with Poor Neonatal
Outcomes?

The literature has been somewhat divided on the
effect of maternal asthma on fetal growth. The
majority of cohort studies that report an increased
risk of intrauterine growth restriction or low birth
weight (<2500 g) among women with asthma have
been retrospective in design,4,5,59,60,61,64,76,81,83,85

with fewer prospective cohorts demonstrating this
risk.23,56,86 However, the majority of studies report-
ing no increased risk are prospective in
design,26,38,66,72,73,87 with fewer retrospective
cohorts finding no risk.82,88 These findingsmay indi-
cate a lack of power to detect a risk of fetal growth
restriction among smaller prospective studies, or
may be related to the level of asthma control among
the subjects in these studies, which may be
improved by participation in a prospective study.

Two explanations for an increased risk of low
birth weight are supported by the current litera-
ture. The first is that ICS use protects against
this perinatal outcome, and the second is that
maternal exacerbations are a risk factor for low
birth weight. Data from 4 studies in which women
did not use ICS treatment for asthma during
pregnancy60,75,81,88 was combined in a meta-
analysis.89 There was a significantly increased
risk of low birth weight in these asthmatic pregnan-
cies compared with pregnancies without asthma
(relative risk [RR] 1.55, 95% confidence interval
[CI] 1.28, 1.87). Conversely, the meta-analysis of
data from 5 studies in which some or all women
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had used ICS during pregnancy23,66,73,81,86

demonstrated no significantly increased risk of
low birth weight in women with asthma compared
with those without asthma (RR 1.19, 95% CI 0.97,
1.45). Olesen and colleagues85 assessed ICS use
using a prescriptions database, and found that
birth weights were lower among women who
reduced their ICS use during pregnancy as
compared with women who increased ICS use
during pregnancy.
Data from 3 studies that described exacerba-

tions during pregnancy as recurrent attacks of
severe asthma or status asthmaticus,88 hospitali-
zation for asthma,23 or acute asthma managed in
the emergency department or clinic with nebulized
bronchodilators73 were combined in a meta-
analysis.16 Women who had an asthma exacerba-
tion during pregnancy were at significantly
increased risk of having a low birth weight neonate
compared with women without asthma (RR 2.54,
95% CI 1.52, 4.25), whereas women without exac-
erbations were not at increased risk of low birth
weight when compared with women without
asthma (RR 1.12, 95% CI 0.8, 1.40). This analysis
indicates that severe exacerbations increase the
risk of low birth weight by more than 2.5-fold in
women with asthma during pregnancy. This result
is supported by studies that have described the
reduction in mean birth weight among these
women, finding that compared with women
without exacerbations or a nonasthmatic group,
severe exacerbations are associated with signifi-
cant reductions in birth weight of between 56
and 434 g.17,23,67,90 Recent work has also demon-
strated an increased risk of small for gestational
age babies among women with moderate or
severe asthma, compared with women with mild
asthma.91

Exacerbations of asthma during pregnancy are
associated with an increased risk for low birth
weight,16 with a similar effect size to that of
maternal smoking during pregnancy, which
doubles the risk of low birth weight.92 A direct
effect of chronic maternal hypoxia on fetal
growth via reduced fetal oxygenation, or indirect
effects of alterations in placental vascular
composition, blood flow, or function are possible
mechanisms.48,56,79,93e97

Many cohort studies suggest an increased risk
of preterm labor or delivery in pregnant women
with asthma.59,60,61,64,65,69,72,76,86,87,98 However,
there are also several cohort studies showing no
increased risk of preterm labor or delivery with
maternal asthma.5,17,21,23,38,73,75 Some of the
larger prospective cohort studies have suggested
that the effect of asthma on preterm birth may be
related to the use of oral steroids during
pregnancy.72,86,99 The increased odds of preterm
delivery was 2.272 in one study and 1.1 in
another.86 The effects of severe asthma and/or
severe asthma exacerbations are difficult to sepa-
rate from the effects of the oral steroids them-
selves. A meta-analysis16 of 4 studies21,23,73,88

found that severe exacerbations were not a signif-
icant risk factor for preterm delivery. Despite this,
a North American study that evaluated asthma
control by interview prospectively during preg-
nancy and postpartum found a higher rate of
preterm delivery among women with inadequate
asthma control in early pregnancy compared
with those with adequate control, and among
women who were hospitalized for asthma
during pregnancy compared with those not
hospitalized.100 These relationships remained
significant after adjustment for confounders such
as age, BMI, smoking, and socioeconomic
status.100 A relationship has also been described
between lower lung function and premature birth,
consistent with the concept that more severe
asthma is a risk factor.71 Reduced lung function
may also be a marker of poor control of asthma,
which influences preterm delivery via hypoxic
mechanisms.71 The release of inflammatory medi-
ators from the mother as a result of asthma may
also be involved,89 given the association between
other active inflammatory diseases such as rheu-
matoid arthritis and low birth weight or preterm
delivery.101e103

The risk of preterm labor among women with
asthma has been found to be increased among
African Americans as compared with white
Americans,104 suggesting that socioeconomic
status or ethnicity may be a confounder and risk
factor for poor maternal outcomes during asth-
matic pregnancies. Similar findings from other
studies suggest that poor prenatal care or lack of
education about asthma may contribute to
adverse perinatal outcomes.30,69 Another potential
mechanism is that a common pathogenic pathway
leads to hyperactivity of both the bronchial and
myometrial smooth muscle, leading to preterm
labor in women with asthma.87,105,106 One study
demonstrated that mothers of premature infants
had evidence of airway hyperactivity,105 but this
was not confirmed by another group examining
airway responsiveness in mothers of premature
or low birth weight children.107
Is Asthma Associated with Perinatal
Mortality?

Until recently, there were few studies adequately
powered to determine the effect of asthma or
asthma exacerbations on perinatal mortality.
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Before the introduction of ICS treatment for
asthma, a study by Gordon and colleagues88

studied 277 women with actively treated asthma.
Sixteen of these women had severe asthma char-
acterized by regular acute attacks or status asth-
maticus during pregnancy. Almost 40% of these
women had either a spontaneous abortion, fetal
death, or neonatal death.88 Another study in the
1970s that extracted data on 381 women with
asthma and more than 112,000 controls from
the Norwegian medical birth registry found
a significantly higher rate of neonatal mortality
with maternal asthma, but no significant increase
in still births, perinatal mortality, or infant
mortality.60 In more recent reports, cohort studies
examining still birth and perinatal or neonatal
mortality in women with asthma have found no
increased risk as compared with women without
asthma.5,21,23,25,69,72e74,82 One exception to this
was the much larger 2009 study by Canadian
investigators Breton and colleagues.108 Their
study showed an increased odds of perinatal
mortality (including still birth after 20 weeks’
gestation, and neonatal death up to 29 days)
among the 13,100 women with asthma compared
with the 28,042 women without asthma (odds
ratio [OR] 1.35, 95% CI 1.08, 1.67). However,
this was no longer significant when adjusted for
birth weight and gestational age, suggesting
that the higher rates of low birth weight and
premature delivery among women with asthma
may be contributing to the increased risk of peri-
natal mortality.108
Is Asthma Associated with Congenital
Malformations?

The majority of cohort studies on the risk of
congenital malformations in women with asthma
have shown no increased risk.4,17,21,23,64,72,73,76

However, it is likely that many were underpow-
ered to detect a difference in rare outcomes
such as malformations, and over the last few
decades treatments for asthma have changed.
Larger and more recent studies suggest that
there is an increased risk of congenital anomalies
among women with asthma.61,109,110 Extensive
examination of data from administrative data-
bases in Quebec has revealed that pregnant
women with asthma have a 30% increased risk
of any congenital malformation and a 34%
increased risk of a major congenital malforma-
tion, compared with women without asthma.109

The risk for women using antiasthmatic medica-
tions in the Swedish Medical Birth Register
studies was smaller, at 9%.110 A case-control
study from the United Kingdom has also
identified a slight increased risk of any malforma-
tions among children of asthmatic mothers
(OR 1.10, 95% CI 1.01, 1.20).111

It is unclear whether this increased risk is
caused by the disease itself or the use of medi-
cations, but several clues are emerging. A
prescriptions database was used to specifically
estimate ICS dose in the first trimester in more
than 4500 women with asthma, and a significantly
reduced risk of malformations among users of
moderate-dose ICS compared with nonusers
was described.112 Further research by this group
in a larger cohort of 13,280 asthmatic pregnan-
cies identified a 63% increased risk of malforma-
tions among users of high doses of ICS in the
first trimester, compared with users of lower
doses.113 This work adds to evidence for the
safety of lower doses of ICS, suggesting that
doses be minimized to maintain asthma control
in order to lessen potential risks of high doses
of these medications. Among a cohort of 4344
asthmatic women, severe exacerbations in the
first trimester were associated with an increased
risk of any malformation as compared with
women with no exacerbation of asthma.114 These
data were not supported by the United Kingdom
case-control study, which found no relationship
between clinically reported exacerbations and
congenital malformations.111

Specific malformations for which maternal
asthma has been found to be a risk factor include
malformations of the nervous system (not including
spina bifida), respiratory system and digestive
system,109,115 cardiac defects, and orofacial
clefts.110 A case-control study demonstrated that
the risk of gastroschisis was increased among
women using bronchodilators in the month before
conception and during the first trimester, compared
with nonusers of medication (adjusted OR 2.06,
95%CI 1.19, 3.59).115 In a case-control study, preg-
nant women with asthma who used medication
were also at twice the risk of heart defects.116

Case-control studies have also provided evidence
for an increased risk of oral clefts when women
used oral steroids during the first trimester of
pregnancy.117,118 However, studies were not
specifically conducted in asthmatic women, so the
implications for them are unclear.

Studies that have examined the effects of
specific asthma treatments on malformations
have found no increased risk of malformations
among users of budesonide.119,120 One study
described a significant but small increased risk
of malformations in women using any drugs
for asthma during pregnancy, compared with
the rate of malformations in the whole
population.110
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Is Asthma Associated with Neonatal
Complications?

There is relatively limited literature examining the
relationship between maternal asthma and
complications such as neonatal sepsis and tran-
sient tachypnea of the newborn. Neonatal sepsis
was identified as an adverse outcome in women
with mild asthma only72 while another study did
not find an association between asthma and
neonatal sepsis, although women were not strati-
fied by asthma severity.4 In a retrospective cohort
study in the United Kingdom, of more than 700
women with asthma and 700 controls without
asthma, there was an increased rate of neonatal
hospitalizations when mothers had asthma with
an increased rate of transient tachypnea of the
newborn.4

Is Maternal Asthma Associated with
Long-Term Changes into Childhood?

Despite the increased risks of perinatal complica-
tions in women with asthma, there are few data
available on longer-term health outcomes of chil-
dren with asthmatic mothers. To date, increases
in the prevalence of wheeze121 and respiratory
diseases,122 left-handedness,123 and mild to
moderate intellectual disability124 have been
described. Schatz and colleagues125 published
the only follow-up of infants from a cohort of asth-
matic women followed through pregnancy, and
found that at 15 months of age, mental and
psychomotor developmental outcomes were
similar to those in children of nonasthmatic
mothers.
Recent analysis has revealed that the children of

asthmatic mothers are more at risk of asthma
themselves when the mother’s asthma is inade-
quately controlled during pregnancy.126 In partic-
ular, during the first 10 years of life, children were
at greater risk of asthma (adjusted OR 1.27, 95%
CI 1.06, 1.52) when their mothers had asthma of
moderate to severe severity that was also uncon-
trolled during pregnancy.126 Asthma was consid-
ered uncontrolled when the mothers used high
doses of SABA, or had severe exacerbations,
including use of oral steroids, emergency depart-
ment visits, or hospitalizations for asthma in the
pregnancy.127 In addition, children of asthmatic
mothers had an 11% increased risk of atopic
dermatitis, but this was not associated with
maternal asthma severity or control during
pregnancy.127 Infants were more likely to have
been prescribed antibiotics in the first 6 months
of life when their mothers had asthma.127 These
data indicate that maternal asthma is a risk factor
for childhood asthma, and that this risk could be
reduced by improvements in asthma control that
lead to reduced exacerbations during pregnancy.
BARRIERS TO GOOD ASTHMA
MANAGEMENT IN PREGNANCY: DEBUNKING
THE MYTHS AND ADDRESSING NEGATIVE
HEALTH BEHAVIORS
Do Women Stop Using Asthma Medications
While Pregnant?

There is a large body of evidence indicating that
pregnant women reduce their use of asthma medi-
cations during pregnancy, against the advice of
current guidelines or their physician.28,56,128e130

A 2003 survey of more than 500 women of child-
bearing age who had asthma indicated that 82%
of those who used ICS treatment were concerned
about the effects of this medication on the
fetus.131 Despite also having concerns for their
own health about the consequences of discontin-
uing medication, 36% reported that they would
discontinue medication use while pregnant,
without first seeking advice from their
physician.131

Recent North American studies using data from
prescription databases have confirmed this prac-
tice, identifying a significant decrease in prescrip-
tions for asthmamedications in early pregnancy as
compared with before pregnancy.32,112,132 When
examining the use of asthma medications in the
6 months before and 6 months after the first preg-
nancy claim in a medical insurance database,
Schatz and Leibman32 demonstrated that of the
16% of women who used ICS before pregnancy,
52% discontinued ICS after pregnancy. The use
of SABA was also discontinued in 57% of subjects
using them before pregnancy.32 Another American
study found a 13% reduction in prescriptions for
SABA, a 23% reduction in ICS, and a 54% reduc-
tion in prescriptions for oral steroids compared
with the 20 weeks before pregnancy.132 Blais
and colleagues112 also found that whereas
47.2% of women filled prescriptions for ICS before
pregnancy, only 40% did in the first trimester. It is
not clear whether these changes reflect changes in
the attitudes of pregnant women themselves or to
altered prescribing practices of their physicians.
One study did provide evidence of altered treat-

ment of pregnant women with asthma by physi-
cians during emergency department visits.
Despite having symptoms and lung function
similar to those in a nonpregnant group of women,
those who were pregnant were significantly less
likely to be treated with oral steroids either in the
emergency department or after discharge from
hospital.133 The 2004 clinical guidelines for the
treatment of asthma during pregnancy contain
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clear messages about the safety of medication use
(particularly ICS and b2-agonists) during preg-
nancy and the importance of vigorous treatment
of asthma exacerbations,28 which may facilitate
improvements in the outcome for both mother
and baby.

Cessation of medication during pregnancy may
have adverse consequences for both mother and
baby. The number of emergency department or
physician visits for asthma was increased among
women who had not taken ICS medication before
pregnancy.32 Conversely, among women who
were using ICS before pregnancy, there was
a 36% decrease in the number of asthma-related
physician visits during pregnancy. It has also
been shown that women who did not use ICS
during pregnancy are at greater risk of
exacerbations.21 Women who reduced the inten-
sity of their asthma treatment during pregnancy
(eg, from ICS use to SABA use) had babies with
lower mean birth weight, birth length, and gesta-
tional age, compared with women who increased
the intensity of asthma treatment during
pregnancy.85 A recent large prospective cohort
study found that women who used less medication
than was recommended by guidelines for their
prepregnancy level of severity had more severe
asthma during pregnancy than women who did
follow the recommendations of the guidelines.14

Maintaining good asthma control with appropriate
Table 3
Cigarette smoking among pregnant women with an

Study Country

Dombrowski et al,134 1986 USA

Stenius-Aarniala et al,25 1988 Finland

Stenius-Aarniala et al,21 1996 Finland

Alexander et al,75 1998 Canada

Minerbi-Codish et al,38 1998 Israel

Demissie et al,61 1998 USA

Kurinczuk et al,135 1999 Australia

Mihrshahi et al,66 2003 Australia

Sheiner et al,83 2005 Israel

Clark et al,4 2007 UK

Kallen and Otterblad
Olausson,62 2007

Sweden

Tata et al,74 2007 UK

Bakhireva et al,136 2007 USA and Canada

Enriquez et al,17 2007 USA

Clifton et al,5 2009 Australia

Murphy et al,140 2010 Australia
treatments is important for both maternal and fetal
health outcomes.
Do Women with Asthma Smoke
While Pregnant?

Many cohort studies from around the world have
shown that cigarette smoking is more common
among pregnant women with asthma than in
pregnant women without asthma
(Table 3).5,38,61,62,66,74,75,83,134,135 There is even
some evidence that smoking rates are higher still
among women who do not use medication to treat
their asthma.4,75,112,136 A cohort study of 725 preg-
nant women identified maternal asthma as
a predictor of pregnancy-associated smoking,137

and another study showed that pregnant smokers
were 4 times more likely to have asthma.138 In
a recent Australian study, 34% of pregnant women
with asthma were current smokers, and asthmatic
women were more likely to be heavier smokers
than pregnantwomenwithout asthma.5Higher rates
ofpassive smokeexposureamongpregnantwomen
with asthma (24%) compared with nonasthmatic
women (4%) have also been described, but were
not significant when considering only the subgroup
of nonsmoking women.66 Recently, a North Amer-
ican analysis of more than 2000 pregnant women
with asthma found that 36% of nonsmokers were
exposed to passive smoke at home.139
d without asthma

% Smokers in
Asthma Group (%)

% Smokers in
No-Asthma Group (%)

46 28

8.8 16.2

11.5 15.2

34.8 27.3

16.8 6.5

15.3 12.1

25.3 22.3

30 17

11.1 4.2

36.1 36.1

16.3 12.4

34.3 31.0

11.5 8.3

38 27.5

34 28

34 15
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In pregnant women with asthma, current and
former smokers had higher rates of severe exacer-
bation than never smokers, and these exacerba-
tions were more severe in current smokers as
demonstrated by higher asthma control scores.140

Another study showed a greater number of symp-
tomatic days and nights of sleep disturbance
among active smokers than in nonsmokers with
asthma.139 Smoking is a well-recognized contrib-
utor to poor perinatal outcomes. Although the
combined effects of maternal smoking and
asthma have not been systematically investigated,
both smoking and exacerbations are risk factors
for low birth weight, so it is possible that smoking
further increases the perinatal risks associated
with asthma.139 Smoking cessation programs
should be provided to all pregnant women, and
particularly those with asthma, and avoidance of
triggers, including passive smoke exposure,
should be strongly encouraged.28,141
Is There Any Relationship Between Asthma
in Pregnancy and Anxiety and Depression?

Asthmatic women have a 52% increased risk of
suffering depression during pregnancy compared
with women without asthma,74 which is not depen-
dent on medications and was further elevated
(twofold increased risk) among women who had
exacerbations of asthma during pregnancy.74

There has also been an increased use of antide-
pressants reported among women using antiasth-
matic drugs during pregnancy.62

Psychological stress and anxiety may contribute
to worsening of asthma in nonpregnant adults.
Among university students, sputum eosinophils
following allergen challenge are increased in the
final examination week (characterized by signifi-
cantly higher depression and anxiety scores)
compared with mid-semester,142 demonstrating
an interaction between psychological stress and
deteriorating airway inflammation in asthma.
Stress, anxiety, and depression may be contrib-

utors to worsening asthma during pregnancy.
Concerns about the effects of medication use on
the baby appear to lead to anxiety and nonadher-
ence among pregnant women with asthma.128,131

One survey reported that 5% of women with
asthma reported feeling sadness, depression, or
anxiety, 44% were worried for the baby, 11%
were concerned that their stress and worry could
lead to asthma attacks, and 7% were fearful of
having an asthma attack in public.128 A random-
ized controlled trial has demonstrated a potential
benefit of relaxation techniques among pregnant
women with asthma.143 Over an 8-week period,
there was a significant improvement in FEV1
(forced expiratory volume in 1 second) among
women with asthma who received training in
progressive muscle relaxation, compared with
women trained in sham exercise. Other benefits
of this therapy included an improvement in
health-related quality of life and a reduction of
anger levels.143 Improving psychological parame-
ters may have significant effects on lung function
during pregnancy.

EFFECTIVE TREATMENT AND MANAGEMENT
OF PREGNANT WOMEN WITH ASTHMA

Asthma that is well controlled in pregnancy is less
likely to result in adverse outcomes than poorly
controlled asthma. Consequently, during preg-
nancy regular medical review and monitoring of
asthma is recommended, and a multidisciplinary
approach may be most effective. The goals of
management in pregnant women are to minimize
asthma symptoms and limitations, prevent exac-
erbations, and maintain near normal lung function
with minimal medication use, thereby ensuring
maternal quality of life and normal fetal
maturation.28

What is the Safety Level of Asthma
Treatments in Pregnancy?

In 2004, the National Asthma Education and
Prevention Program (NAEPP) released an updated
expert panel report on the management of asthma
in pregnant women.28 This report addressed
safety concerns of asthma medications in preg-
nancy, and found that there was a significant
amount of reassuring data on the safety of
SABA, particularly albuterol.28 A prospective
cohort study found no significant differences in
perinatal mortality, congenital malformations,
preterm delivery, and low birth weight in asthmatic
women who used SABA compared with women
who did not use treatment for asthma during
pregnancy.99,144 There are limited data available
on the use of long-acting b2-agonists (LABA)
during pregnancy. An epidemiologic study
reported no adverse outcomes among 65 women
who used salmeterol while pregnant.145 Current
guidelines recommend salmeterol as the preferred
LABA used in pregnancy, based on its having been
available for a longer period of time in the United
States.28

The majority of studies addressing the safety of
ICS use in pregnancy have examined women
using budesonide and consequently, this is the
ICS of choice, recommended for use in pregnant
women with persistent asthma, following a step-
wise approach to achieve asthma control.28

However, because other ICS drugs have not
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been shown to be unsafe, women whose asthma
was well controlled on other medications could
continue to use these during pregnancy.28,146

The use of ICS medication for asthma during
pregnancy in appropriate doses does not appear
to result in any adverse outcomes for the fetus99;
and although many studies in this area have
lacked statistical power,147 a meta-analysis of
recent data (1997e2005) examining the relation-
ship with perinatal outcomes provided further
reassurance.148 By maintaining adequate asthma
control, ICS use may actually protect against
some adverse outcomes such as low birth
weight.32,89 An adequately powered, large multi-
center prospective cohort study found no signifi-
cant relationships between ICS use during
pregnancy and outcomes such as preterm birth
at less than 32 weeks’ gestation, major malforma-
tions, low birth weight, and small for gestational
age infants.99

Most data on asthma treatment during preg-
nancy are derived from cohort studies. However,
one randomized controlled trial of low-dose bude-
sonide (400 mg/d) versus placebo among patients
with recent-onset mild to moderate asthma
included a subgroup of 313 pregnant women.120

The rate of adverse pregnancy outcomes
(including spontaneous abortion, neonatal death,
and congenital abnormalities) was similar among
women using low-dose budesonide or placebo
throughout pregnancy. Unfortunately, other
important perinatal outcomes such as birth weight
were not reported in this study.120

Estimates suggest that approximately 2.4% of
pregnant women with asthma use oral corticoste-
roids at some time during pregnancy.62 The effects
of oral steroid use on pregnancy are not well
described, due to a lack of information about
doses, timing, and length of use. Associations
between oral steroid use and preeclampsia,76,149

preterm delivery,72,86,99 and reduced birth
weight26,99 have been described. However, it is
difficult to separate the effects of the drug from
the effects of the exacerbations that necessitated
its use. A recent study of more than 113 pregnant
women with asthma who used systemic steroids
during pregnancy has addressed this question
with linear regression analysis, finding that oral
steroid use was significantly associated with birth
weight, whereas all measures of asthma control
(including hospitalizations) were not significantly
associated with birth weight.26

Asthma should be well managed to avoid the
need for rescue oral steroid medication.146

However, when required for the treatment of
a severe exacerbation during pregnancy, the
possible risks described are still less than the risks
of severely uncontrolled asthma, which may result
in maternal and/or fetal death.28,146

Information on the safety of leukotriene receptor
antagonists (LTRAs) for asthma during pregnancy
is limited.136,150 In one study of 96 women using
LTRAs, no increased risk for preterm delivery,
gestational diabetes, preeclampsia, or pregnancy
loss was found, compared with 122 women with
asthma who used SABA.136 However, there was
a small decrease in birth weight among users of
LTRAs, and an increase in the prevalence of major
structural anomalies compared with a nonasth-
matic group, albeit among a small sample
size.136 Sarkar and colleagues150 also found
a decrease in mean birth weight among users of
LTRAs. Current guidelines do not specifically
recommend the use of LTRAs during pregnancy,
due to the limited data available, unless the wom-
an’s asthma was previously well controlled on
these medications before pregnancy.28
How Should Exacerbations be Treated
in Pregnancy?

Women with asthma should receive vigorous
treatment of an exacerbation during pregnancy
to reduce the risk of readmission and to improve
outcomes for the fetus.28 At least one study has
found that pregnant women were significantly
less likely to be prescribed oral steroids, either in
the emergency department or on discharge from
hospital, compared with nonpregnant women.133

Following discharge from hospital, the pregnant
women were 3 times more likely to report an
ongoing asthma exacerbation than the nonpreg-
nant women.133 Another study found that hospital-
izations were more common during pregnancy
than before pregnancy, and emergency depart-
ment presentations and oral steroid courses
were less likely during pregnancy than before
pregnancy,19 suggesting either that treatment
approaches differ in pregnancy or there are
changes in the frequency or severity of exacerba-
tions during pregnancy.19 A severe asthma attack
presents more of a risk to the fetus than the use of
asthma medications because of the potential for
fetal hypoxia, so therapy should be maximized
during any asthma exacerbation which occurs.28

Management of an asthma emergency during
pregnancy should involve cooperation between
the respiratory specialist and obstetrician, to
achieve close monitoring of lung function and fetal
activity as well as maintenance of oxygen satura-
tion above 95%.28

Two randomized controlled trials of asthma
therapy during pregnancy have addressed treat-
ment of exacerbations as well as treatment to
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prevent exacerbations. Wendel and colleagues151

studied 84 women with 105 exacerbations during
pregnancy, who were randomized to receive
methylprednisolone with intravenous aminophyl-
line or methylprednisolone alone at the time of
admission to hospital. Although women receiving
aminophylline reported more side effects, there
was no difference in length of hospital stay
between treatments.151 The women were further
randomized on discharge to receive inhaled b2-
agonist with either oral steroid taper alone or ICS
(beclomethasone) plus oral steroid taper. The re-
admission rate was reduced by 55% with the
inclusion of ICS on discharge.151

The second trial compared the use of inhaled
beclomethasone and oral theophylline for the
prevention of asthma exacerbations during preg-
nancy in women with moderate asthma.152 There
was no difference in the rate of severe exacerba-
tion between groups nor in perinatal outcomes.152

Inhaled beclomethasone was a suitable alternative
to theophylline for asthma treatment during preg-
nancy, but did not reduce the exacerbation rate.
Other studies have described a reduction in exac-
erbations with the use of ICS medication,21,32

emphasizing the importance of women using
appropriate preventive medication for asthma
control during pregnancy.
Table 4
Structured clinical assessment of asthma during preg

1. Asthma control Symptoms

Lung function

2. Exacerbations Frequency
Severity

3. Asthma skills Inhalation device selectio
and technique

Asthma knowledge
Self-monitoring
Adherence
Written action plan

4. Asthma treatment Compare with recommen
Optimize ICS dose
Step up treatment catego
according to guideline

5. Asthma triggers and
comorbidities

Identify

Avoidance strategies
How Should Asthma Management be
Approached in Pregnancy?

While most women with asthma have disease of
mild severity,91 changes in disease status are to
be expected during pregnancy. The NAEPP report
indicates that individual treatment plans are
required to address specific circumstances and
patient needs, and that self-management of
asthma is an important component of overall
management.28 It is important that changes in
lung function and asthma control are detected
early. Women should receive education about
the use of regular peak flow monitoring at home,
and they should be provided with a written asthma
action plan outlining how to respond to changes in
their asthma and when to seek medical
advice.28,153

An Australian study found that pregnant women
with asthma have poor asthma skills and
knowledge.141 At the beginning of pregnancy,
40% of women self-reported nonadherence to
ICSmedication, 16% had inadequate inhaler tech-
nique, and 42% had inadequate knowledge about
their asthma medications.141 Regular peak flow
monitoring was performed by 3%, and 15% had
a written action plan.141 Asthma self-
management education during pregnancy was
subsequently provided in an antenatal clinic
nancy

Type (dyspnea, wheeze, cough, chest
tightness)

Pattern (response to triggers and
treatment, intensity, frequency)

Timing (nocturnal, on waking, with
exercise)

Airflow limitation

n

dations

ry
s

Comorbidities (rhinitis,
gastroesophageal reflux, obesity)
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setting, contributing to an improvement in skills
among pregnant women. During the 30- to 60-
minute session with an asthma educator, women
received education about asthma control and
assessment of management skills, including
trigger avoidance, smoking cessation, inhaler
technique, and medication adherence. Women
assessed as unstable and requiring medical
review were referred to their primary care physi-
cian or to a respiratory physician for review. An
individualized written action plan was provided.
Asthma education during pregnancy was associ-
ated with significant improvements in all aspects
of self-management as well as a significant
increase in ICS use in women with moderate and
severe asthma.141 Women with severe asthma
also reported fewer nighttime asthma symptoms
and less use of reliever medications after receiving
education.141

Pregnant women with asthma have a need for
further education, information, and self-
management skills.128 An outline of a structured
clinical assessment of asthma during pregnancy
is given in Table 4. Few women report discussing
their concerns about medications with their
physician.131 A multidisciplinary approach to
prenatal and asthma care may benefit pregnant
women, and is recommended.28 Chambers131

found that 40% of women would continue using
ICS medication solely on the recommendation of
their obstetrician. Recent studies have proposed
that nurses and midwives have key roles to play
in educating pregnant women with asthma, in
culturally sensitive ways, which will empower
them to alter their behavior and make lifestyle
changes that control asthma symptoms.104,154

Significant deficiencies in asthma knowledge and
self-management skills among pregnant women
might be greatly improved by asthma education,
potentially leading to better asthma control and
improved fetal outcomes.
SUMMARY

Asthma is a highly prevalent medical problem
during pregnancy. Exacerbations of asthma or
poorly controlled disease can increase the risk of
adverse perinatal outcomes, which may influence
future health. Well-controlled asthma during
pregnancy is not considered to be a significant
risk to the baby, and regular monitoring of
maternal asthma throughout pregnancy is re-
commended. By controlling asthma and prevent-
ing severe exacerbation, ICS may provide
protection against adverse outcomes. Improve-
ments in asthma management that address health
behavior issues such as maternal smoking, poor
self-management skills, and nonadherence to
medication will be important in improving perinatal
outcomes for women with asthma.
REFERENCES

1. Berg CL, Mackay AP, Qin C, et al. Overview of

maternal morbidity during hospitalization for labor

and delivery in the United States: 1993e1997 and

2001e2005. Obstet Gynecol 2009;113:1075.

2. Kwon HL, Belanger K, Bracken MB. Asthma preva-

lence among pregnant and childbearing-aged

women in the United States: estimates from national

health surveys. Ann Epidemiol 2003;13:317.

3. Kukla L, Bouchalova M, Shkiriak-Nyzhnyk Z, et al.

Chronic morbidity in women, namely in pregnancy

(comparative study between West, Central and

East European countries). Lik Sprava 2008;1e2:43.

4. Clark JM, Hulme E, Devendrakumar V, et al. Effect

of maternal asthma on birthweight and neonatal

outcome in a British inner-city population. Paediatr

Perinat Epidemiol 2007;21:154.

5. Clifton VL, Engel P, Smith R, et al. Maternal and

neonatal outcomes of pregnancies complicated

by asthma in an Australian population. Aust N Z J

Obstet Gynaecol 2009;49:619.

6. Gluck JC, Gluck PA. The effects of pregnancy on

asthma: a prospective study. Ann Allergy 1976;

37:164.

7. Schatz M, Harden K, Forsythe A, et al. The course

of asthma during pregnancy, post partum, and with

successive pregnancies: a prospective analysis.

J Allergy Clin Immunol 1988;81:509.

8. Kircher S, Schatz M, Long L. Variables affecting

asthma course during pregnancy. Ann Allergy

Asthma Immunol 2002;89:463.

9. Juniper EF, Daniel EE, Roberts RS, et al. Improve-

ment in airway responsiveness and asthma

severity during pregnancy. A prospective study.

Am Rev Respir Dis 1989;140:924.

10. Kwon HL, Belanger K, Bracken MB. Effect of preg-

nancy and stage of pregnancy on asthma severity:

a systematic review. Am J Obstet Gynecol 2004;

190:1201.

11. Sims CD, Chamberlain GV, de Swiet M. Lung func-

tion tests in bronchial asthma during and after

pregnancy. Br J Obstet Gynaecol 1976;83:434.

12. Juniper EF, Daniel EE, Roberts RS, et al. Effect of

pregnancy on airway responsiveness and asthma

severity. Relationship to serum progesterone. Am

Rev Respir Dis 1991;143:S78.

13. Beckmann CA. Peak flow values by gestation in

women with asthma. Clin Nurs Res 2008;17:174.

14. Belanger K, Hellenbrand ME, Holford TR, et al.

Effect of pregnancy on maternal asthma symptoms

and medication use. Obstet Gynecol 2010;115:

559.



Murphy & Gibson106
15. Tamasi L, Bohacs A, Bikov A, et al. Exhaled nitric

oxide in pregnant healthy and asthmatic women.

J Asthma 2009;46:786.

16. Murphy VE, Clifton VL, Gibson PG. Asthma exacer-

bations during pregnancy: incidence and associa-

tion with adverse pregnancy outcomes. Thorax

2006;61:169.

17. Enriquez R, Griffen MR, Carroll KN, et al. Effect of

maternal asthma and asthma control during preg-

nancy and perinatal outcomes. J Allergy Clin

Immunol 2007;120:625.

18. Schatz M, Dombrowski MP, Wise R, et al. Asthma

morbidity during pregnancy can be predicted by

severity classification. J Allergy Clin Immunol

2003;112:283.

19. Murphy VE, Gibson P, Talbot PI, et al. Severe

asthma exacerbations during pregnancy. Obstet

Gynecol 2005;106:1046.

20. Apter AJ, Greenberger PA, Patterson R. Outcomes

of pregnancy in adolescents with severe asthma.

Arch Intern Med 1989;149:2571.

21. Stenius-Aarniala BS, Hedman J, Teramo KA. Acute

asthma during pregnancy. Thorax 1996;51:411.

22. Baibergenova A, Thabane L, Akhtar-Danesh N,

et al. Is fetal gender associated with emergency

department visits for asthma during pregnancy?

J Asthma 2006;43:293.

23. JanaN,VasishtaK,SahaSC,et al. Effect of bronchial

asthmaon the course of pregnancy, labour andperi-

natal outcome. J Obstet Gynaecol 1995;21:227.

24. Mabie WC, Barton JR, Wasserstrum N, et al. Clin-

ical observations on asthma and pregnancy.

J Matern Fetal Med 1992;1:45.

25. Stenius-Aarniala B, Piirila P, Teramo K. Asthma and

pregnancy: a prospective study of 198 pregnan-

cies. Thorax 1988;43:12.

26. Bakhireva LN, Jones KL, Schatz M, et al. Asthma

medication use in pregnancy and fetal growth.

J Allergy Clin Immunol 2005;116:503.

27. Schatz M, Dombrowski MP, Wise R, et al. The rela-

tionship of asthma-specific quality of life during

pregnancy to subsequent asthma and perinatal

morbidity. J Asthma 2010;47:46.

28. National Heart, Lung, and Blood Institute, National

Asthma Education and Prevention Program

Asthma and Pregnancy Working Group. NAEPP

expert panel report. Managing asthma during

pregnancy: recommendations for pharmacologic

treatment—2004 update. J Allergy Clin Immunol

2005;115:34.

29. Carroll KN, Griffin MR, Gebretsadik T, et al. Racial

differences in asthma morbidity during pregnancy.

Obstet Gynecol 2005;106:66.

30. Chung KD, Demissie K, Rhoads GG. Asthma in

pregnancy—its relationship with race, insurance,

maternal education, and prenatal care utilization.

J Natl Med Assoc 2004;96:1414.
31. Hendler I, Schatz M, Momirova V, et al. Association

of obesity with pulmonary and nonpulmonary

complications of pregnancy in asthmatic women.

Obstet Gynecol 2006;108:77.

32. Schatz M, Leibman C. Inhaled corticosteroid use

and outcomes in pregnancy. Ann Allergy Asthma

Immunol 2005;95:234.

33. Hartert TV, Neuzil KM, Shintani AK, et al. Maternal

morbidity and perinatal outcomes among pregnant

womenwith respiratory hospitalizations during influ-

enza season. Am J Obstet Gynecol 2003;189:1705.

34. Williams DA. Asthma and pregnancy. Acta Allergol

1967;22:311.

35. Douwes J, Gibson P, Pekkanen J, et al. Non-eosin-

ophilic asthma: importance and possible mecha-

nisms. Thorax 2002;57:643.

36. Jain S, Kaminoto L, Bramley AM, et al. Hospitalized

patients with 2009 H1N1 influenza in the United

States, AprileJune 2009. N Engl J Med 2009;361:

1935.

37. Scriven J, Mcewen R, Mistry S, et al. Swine flu:

a Birmingham experience. Clin Med 2009;9:534.

38. Minerbi-Codish I, Fraser D, Avnun L, et al. Influ-

ence of asthma in pregnancy on labor and the

newborn. Respiration 1998;65:130.

39. Rastogi D, Wang C, Lendor C, et al. T-helper type 2

polarization among asthmatics during and

following pregnancy. Clin Exp Allergy 2006;36:892.

40. Nelson-Piercy C. Asthma in pregnancy. Thorax

2001;56:325.

41. Lyons HA, Antonio R. The sensitivity of the respira-

tory center in pregnancy and after the administra-

tion of progesterone. Trans Assoc Am Physicians

1959;72:173.

42. Lye SJ, Porter DG. Demonstration that proges-

terone ‘blocks’ uterine activity in the ewe in vivo

by a direct action on the myometrium. J Reprod

Fertil 1978;52:87.

43. Tan KS, Thomson NC. Asthma in pregnancy. Am J

Med 2000;109:727.

44. Rubio Ravelo L, Gago Rodriguez B, Almirall

Collazo JJ, et al. Comparative study of proges-

terone, estradiol and cortisol concentrations in

asthmatic and non-asthmatic women. Allergol Im-

munopathol (Madr) 1988;16:263.

45. Molvarec A, Tamasi L, Losonczy G, et al. Circu-

lating heat shock protein 70 (HSPA1A) in normal

and pathological pregnancies. Cell Stress Chaper-

ones 2010;15:237.

46. Tamasi L, Bohacs A, Tamasi V, et al. Increased

circulating heat shock protein 70 levels in pregnant

asthmatics. Cell Stress Chaperones 2010;15:295.

47. Chaouat G, Ledee-Bataille N, Dubanchet S, et al.

Reproductive immunology 2003: reassessing the

Th1/Th2 paradigm? Immunol Lett 2004;92:207.

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

for examining fetal sex-specific effects on maternal



Asthma in Pregnancy 107
physiology and placental mechanisms that

regulate human fetal growth. Placenta 2004;25

(Suppl A):S45.

49. Tamasi L, Bohacs A, Pallinger E, et al. Increased

interferon-gamma- and interleukin-4-synthesizing

subsets of circulating T lymphocytes in pregnant

asthmatics. Clin Exp Allergy 2005;35:1197.

50. Bohacs A, Pallinger E, Tamasi L, et al. Surface

markers of lymphocyte activation in pregnant asth-

matics. Inflamm Res 2010;59:63.

51. Osei-Kumah A, Smith R, Clifton VL. Maternal and

cord plasma cytokine and chemokine profile in

pregnancies complicated by asthma. Cytokine

2008;43:187.

52. Osei-Kumah A, Wark PA, Smith R, et al. Asthma

during pregnancy alters immune cell profile and

airway epithelial chemokine release. Inflamm Res

2010;59:349.

53. Beecroft N, Cochrane GM, Milburn HJ. Effect of

sex of fetus on asthma during pregnancy: blind

prospective study. BMJ 1998;317:856.

54. Dodds L, Armson BA, Alexander S. Use of asthma

drugs is less among women pregnant with boys

rather than girls. BMJ 1999;318:1011.

55. Kwon HL, Belanger K, Holford TR, et al. Effect of

fetal sex on airway lability in pregnant women

with asthma. Am J Epidemiol 2005;163:217.

56. Murphy VE, Gibson PG, Giles WB, et al. Maternal

asthma is associated with reduced female fetal

growth. Am J Respir Crit Care Med 2003;168:

1317.

57. Bakhireva LN, Schatz M, Lyons Jones K, et al. Fetal

sex and maternal asthma control in pregnancy.

J Asthma 2008;45:403.

58. Firoozi F, Ducharme FM, Lemiere C, et al. Effect of

fetal gender on maternal asthma exacerbations in

pregnant asthmatic women. Respir Med 2009;

103:144.

59. Acs N, Puho E, Banhidy F, et al. Association

between bronchial asthma in pregnancy and short-

er gestational age in a population-based study.

J Matern Fetal Med 2005;18:107.

60. Bahna SL, Bjerkedal T. The course and outcome of

pregnancy in women with bronchial asthma. Acta

Allergol 1972;27:397.

61. Demissie K, Breckenridge MB, Rhoads GG. Infant

and maternal outcomes in the pregnancies of asth-

matic women. Am J Respir Crit Care Med 1998;

158:1091.

62. Kallen B, Otterblad Olausson P. Use of anti-

asthmatic drugs during pregnancy. 1. Maternal

characteristics, pregnancy and delivery complica-

tions. Eur J Clin Pharmacol 2007;63:363.

63. Lehrer S, Stone J, Lapinski R, et al. Association

between pregnancy-induced hypertension and

asthma during pregnancy. Am J Obstet Gynecol

1993;168:1463.
64. Liu S, Wen SW, Demissie K, et al. Maternal asthma

and pregnancy outcomes: a retrospective cohort

study. Am J Obstet Gynecol 2001;184:90.

65. MacMullen NJ, Shen JJ, Tymkow C. Adverse

maternal outcomes in women with asthma versus

women without asthma. Appl Nurs Res 2010;

23(1):e9e13.

66. Mihrshahi S, Belousova E, Marks GB, et al. Preg-

nancy and birth outcomes in families with asthma.

J Asthma 2003;40:181.

67. Sobande AA, Archibong EI, Akinola SE. Pregnancy

outcome in asthmatic patients from high altitudes.

Int J Gynaecol Obstet 2002;77:117.

68. Triche EW, Saftlas AF, Belanger K, et al. Associa-

tion of asthma diagnosis, severity, symptoms, and

treatment with risk of preeclampsia. Obstet Gyne-

col 2004;104:585.

69. Wen SW, Demissie K, Liu S. Adverse outcomes in

pregnancies of asthmatic women: results from

a Canadian population. Ann Epidemiol 2001;11:7.

70. Martel MJ, Rey E, Beauchesne MF, et al. Use of

inhaled corticosteroids during pregnancy and risk

of pregnancy induced hypertension: nested case-

control study. BMJ 2005;330:230.

71. Schatz M, Dombrowski M, Wise R, et al. Spirometry

is related to perinatal outcomes in pregnant women

with asthma. Am J Obstet Gynecol 2006;194:120.

72. Dombrowski MP, Schatz M, Wise R, et al. Asthma

during pregnancy. Obstet Gynecol 2004;103:5.

73. Schatz M, Zeiger RS, Hoffman CP, et al. Perinatal

outcomes in the pregnancies of asthmatic women:

a prospective controlled analysis. Am J Respir Crit

Care Med 1995;151:1170.

74. Tata LJ, Lewis SA, McKeever TM, et al.

A comprehensive analysis of adverse obstetric

and pediatric complications in women with asthma.

Am J Respir Crit Care Med 2007;175:991.

75. Alexander S, Dodds L, Armson BA. Perinatal

outcomes in women with asthma during preg-

nancy. Obstet Gynecol 1998;92:435.

76. Perlow JH, Montgomery D, Morgan MA, et al.

Severity of asthma and perinatal outcome. Am J

Obstet Gynecol 1992;167:963.

77. Martel MJ, Rey E, Beauchesne MF, et al. Use of

short-acting beta2-agonists during pregnancy

and the risk of pregnancy-induced hypertension.

J Allergy Clin Immunol 2007;119:576.

78. Siddiqui S, Goodman N, McKenna S, et al. Pre-

eclampsia is associated with airway hyperrespon-

siveness. BJOG 2008;115:520.

79. Clifton VL, Giles WB, Smith R, et al. Alterations of

placental vascular function in asthmatic pregnan-

cies. Am J Respir Crit Care Med 2001;164:546.

80. Read MA, Leitch IM, Giles WB, et al. U46619-

mediated vasoconstriction of the fetal placental

vasculature in vitro in normal and hypertensive

pregnancies. J Hypertens 1999;17:389.



Murphy & Gibson108
81. Lao TT, Huengsburg M. Labour and delivery in

mothers with asthma. Eur J Obstet Gynecol Reprod

Biol 1990;35:183.

82. Norjavaara E, de Verdier MG. Normal pregnancy

outcomes in a population-based study including

2,968 pregnant women exposed to budesonide.

J Allergy Clin Immunol 2003;111:736.

83. Sheiner E, Mazor M, Levy A, et al. Pregnancy

outcome of asthmatic patients: a population-

based study. J Matern Fetal Med 2005;18:237.

84. Getahun D, Ananth CV, Peltier MR, et al. Acute and

chronic respiratory diseases in pregnancy: associ-

ation with placental abruption. Am J Obstet Gyne-

col 2006;195:1180.

85. Olesen C, Thrane N, Nielsen GL, et al.

A population-based prescription study of asthma

drugs during pregnancy: changing the intensity

of asthma therapy and perinatal outcomes. Respi-

ration 2001;68:256.

86. Bracken MB, Triche EW, Belanger K, et al. Asthma

symptoms, severity, and drug therapy: a prospec-

tive study of effects on 2205 pregnancies. Obstet

Gynecol 2003;102:739.

87. Doucette JT, Bracken MB. Possible role of asthma

in the risk of preterm labor and delivery. Epidemi-

ology 1993;4:143.

88. Gordon M, Niswander KR, Berendes H, et al. Fetal

morbidity following potentially anoxigenic obstetric

conditions. VII. Bronchial asthma. Am J Obstet Gy-

necol 1970;106:421.

89. Murphy VE, Gibson PG, Smith R, et al. Asthma

during pregnancy: mechanisms and treatment

implications. Eur Respir J 2005;25:731.

90. Greenberger PA, Patterson R. The outcome of

pregnancy complicated by severe asthma. Allergy

Proc 1988;9:539.

91. Firoozi F, Lemiere C, Ducharme FM, et al. Effect of

maternal moderate to severe asthma on perinatal

outcomes. Respir Med 2010;104(9):1278e87.

92. Hammoud AO, Bujold E, Sorokin Y, et al. Smoking

in pregnancy revisited: findings from a large

population-based study. Am J Obstet Gynecol

2005;192:1856.

93. Clifton VL, Rennie N, Murphy VE. Effect of inhaled

glucocorticoid treatment on placental 11beta-

hydroxysteroid dehydrogenase type 2 activity and

neonatal birthweight in pregnancies complicated

by asthma. Aust N Z J Obstet Gynaecol 2006;46:

136.

94. Clifton VL, Vanderlelie J, Perkins AV. Increased

anti-oxidant enzyme activity and biological oxida-

tion in placentae of pregnancies complicated by

asthma. Placenta 2005;26:773.

95. Mayhew TM, Jenkins H, Todd B, et al. Maternal

asthma and placental morphology: effects of

severity, treatment and fetal sex. Placenta 2008;

29:366.
96. Murphy VE, Johnson RF, Wang YC, et al. The effect

of maternal asthma on placental and cord blood

protein profiles. J Soc Gynecol Investig 2005;

12(5):349e55.

97. Murphy VE, Zakar T, Smith R, et al. Reduced

11beta-hydroxysteroid dehydrogenase type 2

activity is associated with decreased birth weight

centile in pregnancies complicated by asthma.

J Clin Endocrinol Metab 2002;87:1660.

98. Syed RZ, Zubairi AB, Zafar MA, et al. Perinatal

outcomes in pregnancy with asthma. J Pak Med

Assoc 2008;58:525.

99. Schatz M, Dombrowski MP, Wise R, et al. The rela-

tionship of asthma medication use to perinatal

outcomes. J Allergy Clin Immunol 2004;113:1040.

100. Bakhireva LN, Schatz M, Lyons Jones K, et al.

Asthma control during pregnancy and the risk of

preterm delivery or impaired fetal growth. Ann

Allergy Asthma Immunol 2008;101:137.

101. Bowden AP, Barrett JH, Fallow W, et al. Women with

inflammatory polyarthritis have babies of lower

birth weight. J Rheumatol 2001;28:355.

102. Fonager K, Sorensen HT, Olsen J, et al. Pregnancy

outcome for women with Crohn’s disease: a follow-

up study based on linkage between national regis-

tries. Am J Gastroenterol 1998;93:2426.

103. Skomsvoll JF, Ostensen M, Irgens LM, et al.

Obstetrical and neonatal outcome in pregnant

patients with rheumatic disease. Scand J Rheuma-

tol Suppl 1998;107:109.

104. MacMullen NJ, Tymkow C, Shen JJ. Adverse

maternal outcomes in women with asthma: differ-

ences by race. MCN Am J Matern Child Nurs

2006;31:263.

105. Bertrand JM, Riley SP, Popkin J, et al. The long-

term pulmonary sequelae of prematurity: the role

of familial airway hyperreactivity and the respiratory

distress syndrome. N Engl J Med 1985;312:742.

106. Kramer MS, Coates AL, Michoud MC, et al.

Maternal asthma and idiopathic preterm labor.

Am J Epidemiol 1995;142:1078.

107. Chan KN, Noble-Jamieson CM, Elliman A, et al.

Airway responsiveness in low birthweight children

and their mothers. Arch Dis Child 1988;63:905.

108. Breton M-C, Beauchesne M-F, Lemiere C, et al.

Risk of perinatal mortality associated with asthma

during pregnancy. Thorax 2009;64:101.

109. Blais L, Kettani F, Elftouh N, et al. Effect of maternal

asthma on the risk of specific congenital malforma-

tions: a population-based cohort study. Birth

Defects Res A Clin Mol Teratol 2010;88:216.

110. Kallen B, Otterblad Olausson P. Use of anti-

asthmatic drugs during pregnancy. 3. Congenital

malformations in the infants. Eur J Clin Pharmacol

2007;63:383.

111. Tata LJ, Lewis SA, McKeever TM, et al. Effect of

maternal asthma, exacerbations and asthma



Asthma in Pregnancy 109
medication use on congenital malformations in

offspring: a UK population-based study. Thorax

2008;63:981.

112. Blais L, Beauchesne MF, Rey E, et al. Use of

inhaled corticosteroids during the first trimester of

pregnancy and the risk of congenital malformations

among women with asthma. Thorax 2007;62:320.

113. Blais L, Beauchesne M, Lemiere C, et al. High

doses of inhaled corticosteroids during the first

trimester of pregnancy and congenital malforma-

tions. J Allergy Clin Immunol 2009;124:1229.

114. Blais L, Forget A. Asthma exacerbations during the

first trimester of pregnancy and the risk of congen-

ital malformations among asthmatic women.

J Allergy Clin Immunol 2008;121:1379.

115. Lin S, Munsie JW, Herdt-Losavio ML, et al. Maternal

asthma medication use and the risk of gastroschi-

sis. Am J Epidemiol 2008;168:73.

116. Lin S, Herdt-Losavio M, Gensburg L, et al. Maternal

asthma, asthma medication use, and the risk of

congenital heart defects. Birth Defects Res A Clin

Mol Teratol 2009;85:161.

117. Park-Wyllie L, Mazzotta P, Pastuszak A, et al. Birth

defects after maternal exposure to corticosteroids:

prospective cohort study and meta-analysis of

epidemiological studies. Teratology 2000;62:385.

118. Rodriguez-Pinilla E, Martinez-Frias ML. Corticoste-

roids during pregnancy and oral clefts: a case-

control study. Teratology 1998;58:2.

119. Kallen B, Rydhstroem H, Aberg A. Congenital mal-

formations after the use of inhaled budesonide in

early pregnancy. Obstet Gynecol 1999;93:392.

120. Silverman M, Sheffer A, Diaz PV, et al. Outcome of

pregnancy in a randomized controlled study of

patients with asthma exposed to budesonide.

Ann Allergy Asthma Immunol 2005;95:566.

121. Schatz M, Zeiger RS, Hoffman CP, et al. Increased

transient tachypnea of the newborn in infants of

asthmatic mothers. Am J Dis Child 1991;145:156.

122. Kelly YJ, Brabin BJ, Milligan P, et al. Maternal

asthma, premature birth, and the risk of respiratory

morbidity in schoolchildren in Merseyside. Thorax

1995;50:525.

123. Weinstein RE, Gurvitz M, Greenberg D, et al.

Altered cerebral dominance in atopy and in chil-

dren of asthmatic mothers. Ann N Y Acad Sci

1992;650:25.

124. Leonard H, De Klerk N, Bourke J, et al. Maternal

health in pregnancy and intellectual disability in

the offspring: a population-based study. Ann Epi-

demiol 2005;16:448.

125. Schatz M, Harden K, Kagnoff M, et al. Develop-

mental follow-up in 15-month-old infants of asth-

matic vs. control mothers. Pediatr Allergy

Immunol 2001;12:149.

126. Martel M, Rey E, Beauchesne M, et al. Control and

severity of asthma during pregnancy are
associated with asthma incidence in offspring:

two-stage case-control study. Eur Respir J 2009;

34:579.

127. Martel M, Beauchesne M, Malo J, et al. Maternal

asthma, its control and severity in pregnancy, and

the incidence of atopic dermatitis and allergic

rhinitis in the offspring. J Pediatr 2009;155:707.

128. Beckmann CA. A descriptive study of women’s

perceptions of their asthma during pregnancy.

MCN Am J Matern Child Nurs 2002;27:98.

129. Burdon JG, Goss G. Asthma and pregnancy. Aust

N Z J Med 1994;24:3.

130. Lipson A. Asthma and pregnancy—misleading and

incorrect recommendation on the effect of medica-

tion on the foetus—and a remedy. Aust N Z J Med

1994;24:407.

131. Chambers K. Asthma education and outcomes for

women of childbearing age. Case Manager 2003;

14:58.

132. Enriquez R, Wu P, Griffin MR, et al. Cessation of

asthma medication in early pregnancy. Am J

Obstet Gynecol 2006;195:149.

133. Cydulka RK, Emerman CL, Schreiber D, et al.

Acute asthma among pregnant women presenting

to the emergency department. Am J Respir Crit

Care Med 1999;160:887.

134. Dombrowski MP, Bottoms SF, Boike GM, et al. Inci-

dence of preeclampsia among asthmatic patients

lower with theophylline. Am J Obstet Gynecol

1986;155:265.

135. Kurinczuk JJ, Parsons DE, Dawes V, et al. The rela-

tionship between asthma and smoking during

pregnancy. Women Health 1999;29:31.

136. Bakhireva LN, Jones KL, Schatz M, et al. Safety of

leukotriene receptor antagonists in pregnancy.

J Allergy Clin Immunol 2007;119:618.

137. Hensley Alford SM, Lappin RE, Peterson L, et al.

Pregnancy associated smoking behavior and six

year postpartum recall. Matern Child Health J

2009;865:2009.

138. Roelands J, Jamison MG, Lyerly AD, et al. Conse-

quences of smoking during pregnancy on maternal

health. J Womens Health (Larchmt) 2009;18:867.

139. Newman RB, Momirova V, Dombrowski MP, et al.

The effect of active and passive household ciga-

rette smoke exposure on pregnant women with

asthma. Chest 2010;137:601.

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

cigarette smoking on asthma control during exac-

erbations in pregnant women. Thorax 2010;65(8):

739e44.

141. Murphy VE, Gibson PG, Talbot PI, et al. Asthma

self-management skills and the use of asthma

education during pregnancy. Eur Respir J 2005;

26:435.

142. Liu LY, Coe CL, Swenson CA, et al. School exami-

nations enhance airway inflammation to antigen



Murphy & Gibson110
challenge. Am J Respir Crit Care Med 2002;165:

1062.

143. Nickel C, Lahmann C, Muehlbacher M, et al. Preg-

nant women with bronchial asthma benefit from

progressive muscle relaxation: a randomised,

prospective, controlled trial. Psychother Psycho-

som 2006;75:237.

144. Schatz M, Zeiger RS, Harden KM, et al. The

safety of inhaled beta-agonist bronchodilators

during pregnancy. J Allergy Clin Immunol 1988;

82:686.

145. Mann RD, Kubota K, Pearce G, et al. Salmeterol:

a study by prescription-event monitoring in a UK

cohort of 15,407 patients. J Clin Epidemiol 1996;

49:247.

146. Schatz M. Breathing for two: Now we can all

breathe a little easier. J Allergy Clin Immunol

2005;115:31.

147. Breton M, Martel M, Vilain A, et al. Inhaled cortico-

steroids during pregnancy: a review of methodo-

logic issues. Respir Med 2008;102:862.

148. Rahimi R, Nikfar S, Abdollahi M. Meta-analysis

finds use of inhaled corticosteroids during
pregnancy safe: a systematic meta-analysis

review. Hum Exp Toxicol 2006;25:447.

149. Schatz M, Zeiger RS, Harden K, et al. The safety of

asthma and allergy medications during pregnancy.

J Allergy Clin Immunol 1997;100:301.

150. Sarkar M, Koren G, Kalra S, et al. Montelukast use

during pregnancy: a multicentre, prospective,

comparative study of infant outcomes. Eur J Clin

Pharmacol 2009;65:1259.

151. Wendel PJ, Ramin SM, Barnett-Hamm C, et al.

Asthma treatment in pregnancy: a randomized

controlledstudy.AmJObstetGynecol 1996;175:150.

152. Dombrowski MP, Schatz M, Wise R, et al. Random-

ized trial of inhaled beclomethasone dipropionate

versus theophylline for moderate asthma during

pregnancy. Am J Obstet Gynecol 2004;190:737.

153. McDonald CF, Burdon JG. Asthma in pregnancy

and lactation. A position paper for the Thoracic

Society of Australia and New Zealand. Med J

Aust 1996;165:485.

154. Henley-Einion A. Midwifery basics: caring for

women with medical conditions (2). Respiratory

disorders in pregnancy. Pract Midwife 2008;11:48.


	Asthma in Pregnancy
	Asthma during pregnancy
	What is the Prevalence of Asthma During Pregnancy?
	Can Changes in Asthma Be Expected in Pregnancy?
	What are the Risk Factors for Asthma Exacerbations During Pregnancy?
	What are the Mechanisms for Changes in Asthma During Pregnancy?

	Changes in asthma affect both mother and baby
	Is Asthma Associated with Poor Maternal Outcomes in Pregnancy?
	Is Asthma Associated with Increased Medical Intervention During Labor and Delivery?
	Is Asthma Associated with Poor Neonatal Outcomes?
	Is Asthma Associated with Perinatal Mortality?
	Is Asthma Associated with Congenital Malformations?
	Is Asthma Associated with Neonatal Complications?
	Is Maternal Asthma Associated with Long-Term Changes into Childhood?

	Barriers to good asthma management in pregnancy: debunking the myths and addressing negative health behaviors
	Do Women Stop Using Asthma Medications While Pregnant?
	Do Women with Asthma Smoke While Pregnant?
	Is There Any Relationship Between Asthma in Pregnancy and Anxiety and Depression?

	Effective treatment and management of pregnant women with asthma
	What is the Safety Level of Asthma Treatments in Pregnancy?
	How Should Exacerbations be Treated in Pregnancy?
	How Should Asthma Management be Approached in Pregnancy?

	Summary
	References


