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Quick Reference

NAEPP Expert Panel Report

Managing Asthma During Pregnancy:
Recommendations for Pharmacologic
Treatment—2004 Update
Key words: Asthma, beta2-agonists, cromolyn, infant, inhaled and

oral corticosteroids, lactation, leukotriene modifiers, NAEPP,

pregnancy, pharmacologic treatment, theophylline

Maintaining adequate control of asthma during preg-
nancy is important for the health and well-being of both
the mother and her baby. Asthma has been reported to
affect 3.7 to 8.4 percent of pregnant women,1 making it
potentially the most common serious medical problem to
complicate pregnancy. The largest and most recent studies
suggest that maternal asthma increases the risk of perinatal
mortality, preeclampsia, preterm birth, and low birth
weight infants. More severe asthma is associated with
increased risks,2,3 while better-controlled asthma is asso-
ciated with decreased risks.4

In 1993, the National Asthma Education and Prevention
Program (NAEPP) published the Report of the Working
Group on Asthma and Pregnancy (Asthma and Pregnancy
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Report 1993),5 which presented recommendations for the
management of asthma during pregnancy. Since then,
there have been revisions to the general asthma treatment
guidelines,Guidelines for the Diagnosis andManagement
of Asthma—Expert Panel Report 2 (EPR-2 1997),6 and
Expert Panel Report: Guidelines for the Diagnosis and
Management of Asthma—Update on Selected Topics 2002
(EPR—Update 2002)7; release of new asthma medica-
tions; and publication of new gestational safety data.

Managing Asthma During Pregnancy: Recommenda-
tions for Pharmacologic Treatment—Update 2004
(EPR—Update 2004)8 reflects the NAEPP’s commitment
to keep recommendations for clinical practice up to date
and based on systematic reviews of the evidence.
EPR—Update 2004 was developed through the collective
expertise of an expert panel on asthma and pregnancy
(Working Group), the NAEPP Science Base Committee,
and NAEPP Coordinating Committee members. The
recommendations made in EPR—Update 2004 are in-
tended to assist clinical decision-making; the clinician and
patient still need to develop individual treatment plans that
are tailored to the specific needs and circumstances of the
patient.

The scope of the current systematic review is pharma-
cologic treatment of asthma in women during their preg-
nancy; however, highlights from EPR-2 1997 and EPR—
Update 2002 relative to other aspects of asthma care are
also presented because they should enhance the overall
success and safety of managing asthma in pregnancy.

SYSTEMATIC REVIEW OF THE EVIDENCE

A systematic review of the evidence on the safety of
asthma medications during pregnancy was conducted by
drug class. Of 226 articles retrieved in the search of

Abbreviations used

DPI: Dry powder inhaler

EPR: Expert Panel Report

FDA: Food and Drug Administration

FEV1: Forced expiratory volume in 1 second

MDI: Metered-dose inhaler

NAEPP: National Asthma Education and Prevention Program

PEF: Peak expiratory flow

PCO2: Carbon dioxide partial pressure
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literature published in peer-reviewed journals from
January 1990 through May 2003, 42 met criteria for
inclusion in the evidence review; 2 additional articles
published after May 2003 were included, for a total of 44
articles. A summary of the findings from the evidence,
arranged by medication category, follows.

Beta2-Agonists

One experimental animal study9 and six human studies
were included. The six human studies consisted of one
case report10 and five clinical studies11-15 that included
a total of 6,667 pregnant women, of whom 1,929 had
asthma and 1,599 had taken beta2-agonists. The data
were reassuring regarding the safety of beta2-agonists
during pregnancy. More data were available for albuterol.
Two long-acting inhaled beta2-agonists have become
available since 1993—salmeterol and formoterol.
Limited data are available on their use during pregnancy.
The pharmacologic and toxicologic profiles of these two
drugs are similar to the short-acting inhaled beta2-
agonists, with the exception of their prolonged retention
in the lungs.

Theophylline

Seven experimental animal studies16-22 and eight
human studies were included. The experimental animal
studies confirm the association of high-dose theophylline
and adverse pregnancy outcomes in animals. The eight
human studies, consisting of two case reports23,24 and six
clinical studies11,13,25-28 (of which two were randomized
controlled trials), included a total of 57,163 pregnant
women, of whom 3,616 had asthma and 660 had taken
theophylline. Studies and clinical experience confirm the
safety of theophylline at recommended doses (to serum
concentration of 5–12 mcg/mL) during pregnancy. In
a randomized controlled trial, there were no differences in
asthma exacerbations or maternal or perinatal outcomes in
the theophylline versus the beclomethasone dipropionate
treatment groups. However, in the theophylline treatment
group, there were higher levels of reported side effects and
discontinuation of the medication and an increase in the
proportion of women with forced expiratory volume in 1
second (FEV1) at less than 80 percent of that predicted.25

Anticholinergics

No data on anticholinergics were available for the
current evidence review.

Inhaled corticosteroids

Three experimental animal studies29-31 and 10 human
studies were included. The human studies included eight
studies of pregnant women. Of the eight studies, five were
cohort studies;11,13,32-34 one was a controlled trial;35 and
two were randomized controlled trials.25,28 These eight
studies included a total of 21,072 pregnant women, of
whom 16,900 had asthma and 6,113 had taken inhaled
corticosteroids. Also included were two studies of new-
borns from the Swedish Birth Registry—one compared the
rate of abnormalities among 2,014 newborns whose
mothers had taken budesonide to the rate of abnormalities
in the total newborn population, although the number in
that population was not reported;36 the other study com-
pared 2,900 newborns whose mothers had taken budeso-
nide to the total newborn population of 293,948;37 there
may be some overlap in the populations of these two
studies. There are three major conclusions from the evi-
dence review: (1) the risk of asthma exacerbations
associated with pregnancy can be reduced and lung func-
tion (FEV1) improved with the use of inhaled corticoste-
roid therapy;25,28,34 (2) no studies to date, including studies
of large birth registries, have related inhaled corticosteroid
use to any increases in congenital malformations or other
adverse perinatal outcomes; and (3) the preponderance of
data on inhaled corticosteroids during pregnancy is with
budesonide (few or no studies are available on the other
inhaled corticosteroid formulations during pregnancy).

Oral (systemic) corticosteroids

Nine experimental animal studies38-46 and eight human
studies were included. The animal studies do not change
the previous understanding (Asthma and Pregnancy
Report 1993)5 of the steroid-mediated clefting or decreases
in fetal growth in animals. The eight human studies in the
current evidence review included one report of two meta-
analyses:47 one meta-analysis used six cohort studies that
included 51,380 pregnant women, of whom 535 had taken
oral corticosteroids; the other meta-analysis used four
case-control studies,48-51 each of which was also eligible to
be included in the evidence review. These four case-
control studies included 52,038 pregnant women, of whom
25 had taken oral corticosteroids. The remaining three
human studies included one case-control study52 and two
prospective cohort studies11,13 that included a total of
4,321 pregnant women, of whom 1,998 had asthma and
213 had taken oral corticosteroids. The findings from the
current evidence review are conflicting. Oral corticoste-
roid use, especially during the first trimester of pregnancy,
is associated with an increased risk for isolated cleft lip
with or without cleft palate (the risk in the general pop-
ulation is 0.1 percent; the risk in women on oral cortico-
steroids is 0.3 percent).47 However, very few pregnant
women who had oral steroid-dependent asthma were
included in the studies, and the length, timing, and dose
of exposure to the drug were not well described. Oral cor-
ticosteroid use during pregnancy in patients who have
asthma is associated with an increased incidence of pre-
eclampsia and the delivery of both preterm and low birth
weight infants.13,47,52 However, the available data make it
difficult to separate the effects of the oral corticosteroids on
these outcomes from the effects of severe or uncontrolled
asthma, which has been associated with maternal and/or
fetal mortality.

Cromolyn

No experimental animal studies and two human studies
were included in the current review. The two human
studies consisted of prospective cohort studies11,13 that
included 4,110 pregnant women, of whom 1,917 had
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FIG 1. Stepwise approach for managing asthma during pregnancy and lactation: treatment.
asthma and 318 had taken cromolyn. The safety of using
cromolyn during pregnancy is supported by the current
review of evidence.

Leukotriene modifiers

Leukotriene modifiers include two compounds avail-
able as oral tablets (the receptor antagonists montelu-
kast and zafirlukast) and 5-lipoxygenase pathway
inhibitors (e.g., zileuton). No animal studies and one
human study were available for review. The human
study was an observational study of 2,205 pregnant
women, 873 with asthma, of whom 9 took leukotriene
modifiers, but the specific agent was not identified.11

The conclusion is that minimal data are currently
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FIG 2. Usual dosages for long-term-control medications during pregnancy and lactation.*

FIG 3. Estimated comparative daily dosages for inhaled corticosteroids.*
available on the use of leukotriene modifiers during

pregnancy. Reassuring animal studies have been sub-

mitted to the Food and Drug Administration (FDA) for

leukotriene receptor antagonists but not for the leuko-

triene lipoxygenase inhibitor.
RECOMMENDATIONS FOR MANAGING
ASTHMA DURING PREGNANCY

The Working Group recommends the following prin-
ciples and stepwise approach to pharmacologic therapy for
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FIG 4. Management of asthma exacerbations during pregnancy and lactation: home treatment.
managing asthma during pregnancy. (See Figs 1–6.) The
principles and approach are based on the Working
Group’s interpretation of the current scientific review of
the evidence on the safety of asthma medications during
pregnancy and consideration of previous NAEPP reports:
the Asthma and Pregnancy Report 1993, the EPR-2 1997,
and the EPR—Update 2002.

General principles

d The treatment goal for the pregnant asthma patient is
to provide optimal therapy to maintain control of
asthma for maternal health and quality of life as well
as for normal fetal maturation. Asthma control is
defined as:
— Minimal or no chronic symptoms day or night
— Minimal or no exacerbations
— No limitations on activities
— Maintenance of (near) normal pulmonary function
— Minimal use of short-acting inhaled beta2-agonist
— Minimal or no adverse effects from medications

d It is safer for pregnant women with asthma to be treated
with asthma medications than for them to have asthma
symptoms and exacerbations. Monitoring and making
appropriate adjustments in therapy may be required to
maintain lung function and, hence, blood oxygenation
that ensures oxygen supply to the fetus. Inadequate
control of asthma is a greater risk to the fetus than
asthma medications are. Proper control of asthma
should enable a woman with asthma to maintain a
normal pregnancy with little or no risk to her or her fetus.
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FIG 5. Management of asthma exacerbations during pregnancy and lactation: emergency department and hospital-based care.



J ALLERGY CLIN IMMUNOL

JANUARY 2005

42 NAEPP Report

A
sth

m
a
d
ia
g
n
o
sis

a
n
d

tre
a
tm

e
n
t

FIG 6. Medications and dosages for asthma exacerbations during pregnancy and lactation.*(Continued on next page)
d The obstetrical care provider should be involved in
asthma care, including monitoring of asthma status
during prenatal visits. A team approach is helpful if
more than one clinician is managing a pregnant
woman with asthma.

d Asthma treatment is organized around four compo-
nents of management:
— Assessment and monitoring of asthma, includ-
ing objective measures of pulmonary function.
Because the course of asthma changes for about
two-thirds of women during pregnancy,53 monthly
evaluations of asthma history and pulmonary
function are recommended. Spirometry tests are
recommended at the time of initial assessment.



J ALLERGY CLIN IMMUNOL

VOLUME 115, NUMBER 1

NAEPP Report 43

A
st
h
m
a
d
ia
g
n
o
si
s
a
n
d

tr
e
a
tm

e
n
t

FIG 6. (Continued )
For routine monitoring at most subsequent
followup outpatient visits, spirometry is prefera-
ble, but measurement of peak expiratory flow
(PEF) with a peak flow meter is generally
sufficient. Patients should be instructed to be
attentive to fetal activity. Serial ultrasound ex-
aminations starting at 32 weeks gestation may be
considered for patients who have suboptimally
controlled asthma and for women with moderate
to severe asthma. Ultrasound examinations are
also helpful after recovery from a severe exac-
erbation.

— Control of factors contributing to asthma
severity. Identifying and controlling or avoid-
ing such factors as allergens and irritants, partic-
ularly tobacco smoke, that contribute to
asthma severity can lead to improved maternal
well-being with less need for medications. (See
Fig 7.)

— Patient education. Asthma control is enhanced
by ensuring access to education about asthma and
about the skills necessary to manage it—such as
self-monitoring, correct use of inhalers, and
following a plan for managing asthma long term
and for promptly handling signs of worsening
asthma.

— A stepwise approach to pharmacologic ther-
apy. In this approach to achieving and maintain-
ing asthma control, the dose and number of
medications and the frequency of administration
are increased as necessary, based on the severity
of the patient’s asthma, and are decreased when
possible.
RECOMMENDATIONS FOR
PHARMACOLOGIC TREATMENT OF
ASTHMA DURING PREGNANCY

Stepwise approach for managing asthma. To de-
velop recommendations for the stepwise approach to the
pharmacologic treatment of asthma in pregnant women,
the Working Group first considered the stepwise approach
in the EPR—Update 2002, which was based on systematic
review of the evidence from medication effectiveness
studies in nonpregnant adults and children. The Working
Group also considered EPR-2 1997 and the Asthma and
Pregnancy Report 1993.

The effectiveness of medications is assumed to be the
same in pregnant women as in nonpregnant women,
although there are no studies that directly test this
assumption. Based on their current systematic review of
evidence from safety studies of asthma medications during
pregnancy, the Working Group then tailored existing
recommendations for stepwise therapy. Refer to Figs 1, 2,
and 3 for a complete list of recommended therapies and
medication dosages in the stepwise approach to managing
asthma. The following information highlights the ratio-
nale for the preferred medications.

d Step 1: Mild Intermittent Asthma. Short-acting bron-
chodilators, particularly short-acting inhaled beta2-
agonists, are recommended as quick-relief medication
for treating symptoms as needed in patients with
intermittent asthma. Albuterol is the preferred short-
acting inhaled beta2-agonist because it has an excellent
safety profile and the greatest amount of data related to
safety during pregnancy of any currently available
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FIG 7. Summary of control measures for environmental factors that can make asthma worse.*
inhaled beta2-agonist. Women’s experience with these
drugs is extensive, and no evidence has been found
either of fetal injury from the use of short-acting
inhaled beta2-agonists or of contraindication during
lactation.

d Step 2: Mild Persistent Asthma. The preferred treat-
ment for long-term-control medication in Step 2 is
daily low-dose inhaled corticosteroid. This preference
is based on the strong effectiveness data in non-
pregnant women6,7 as well as effectiveness and safety
data in pregnant women that show no increased risk of
adverse perinatal outcomes. Budesonide is the pre-
ferred inhaled corticosteroid because more data are
available on using budesonide in pregnant women than
are available on other inhaled corticosteroids, and the
data are reassuring. It is important to note that there are
no data indicating that the other inhaled corticosteroid
preparations are unsafe during pregnancy. Therefore,
inhaled corticosteroids other than budesonide may be
continued in patients who were well controlled by
these agents prior to pregnancy, especially if it is
thought that changing formulations may jeopardize
asthma control.

Cromolyn, leukotriene receptor antagonists, and the-
ophylline are listed as alternative but not preferred
therapies. Cromolyn has an excellent safety profile, but it
has limited effectiveness compared with inhaled cortico-
steroids. Leukotriene receptor antagonists have been
demonstrated to provide statistically significant but mod-
est improvements in children and nonpregnant adults with
asthma, although in studies comparing overall efficacy of
the two drugs, most outcomes clearly favor inhaled
corticosteroids. Published data are minimal on using
leukotriene receptor antagonists during pregnancy; how-
ever, animal safety data submitted to the FDA are
reassuring. Thus, leukotriene receptor antagonists are an
alternative but not preferred treatment for pregnant women
whose asthma was successfully controlled with this
medication prior to their pregnancy. Theophylline has
demonstrated clinical effectiveness in some studies and
has been used for years in pregnant women with asthma. It
also, however, has the potential for serious toxicity
resulting from excessive dosing and/or select drug–drug
interactions (e.g., with erythromycin). Using theophylline
during pregnancy requires careful titration of the dose and
regular monitoring to maintain the recommended serum
theophylline concentration range of 5-12 mcg/mL.

d Step 3: Moderate Persistent Asthma. Two preferred
treatment options are noted: either a combination of
low-dose inhaled corticosteroid and a long-acting in-
haled beta2-agonist, or increasing the dose of inhaled
corticosteroid to the medium dose range. No data from
studies during pregnancy clearly delineate that one
option is recommended over the other.

Limited data describe the effectiveness and/or safety of
using combination therapy during pregnancy, but strong
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evidence from randomized controlled trials in nonpregnant
adults shows that adding long-acting inhaled beta2-agonist
to a low dose of inhaled corticosteroid provides greater
asthma control than only increasing the dose of cortico-
steroid.7 The pharmacologic and toxicologic profiles of
long-acting and short-acting inhaled beta2-agonists are
similar; there is justification for expecting long-acting
inhaled beta2-agonists to have a safety profile similar to
that of albuterol, for which there are data related to safety
during pregnancy. Two long-acting inhaled beta2-agonists
are available—salmeterol and formoterol. Limited obser-
vational data exist on their use during pregnancy; salme-
terol might be chosen because it has been available longer
in the United States.

Increasing the dose of inhaled corticosteroid to medium
dose will benefit many patients, and, as noted previously,
the data on using inhaled corticosteroids during preg-
nancy—including studies of large birth registries—are
reassuring.

d Step 4: Severe Persistent Asthma. If additional medica-
tion is required after carefully assessing patient technique
and adherence with using Step 3 medication, then the
inhaled corticosteroid dose should be increased within the
high-dose range, and the use of budesonide is preferred. If
this is insufficient to manage asthma symptoms, then the
addition of systemic corticosteroid is warranted; although
the data are uncertain about some risks of oral cortico-
steroids during pregnancy, severe uncontrolled asthma
poses a definite risk to the mother and fetus.

Management of acute exacerbations. Asthma exac-
erbations have the potential to lead to severe problems for
the fetus. Therefore, asthma exacerbations during preg-
nancy should be managed aggressively. Refer to Fig 4 for
home treatment of asthma exacerbation, Fig 5 for emer-
gency department and hospital management, and Fig 6 for
medications and dosages.

Pharmacologic management of allergic rhinitis.
Rhinitis, sinusitis, and gastroesophageal reflux are con-
ditions that are often associated with asthma, are frequently
more troublesome during pregnancy, and may exacerbate
coexisting asthma. If these conditions are present, appro-
priate treatment is an integral part of asthma management.
These topics were outside the scope of the current
evidence-based review, but relevant studies on the safety
of rhinitis medications during pregnancy were reviewed in
order to present the following recommendations.

d Intranasal corticosteroids are the most effective medi-
cations for the management of allergic rhinitis and have
a low risk of systemic effect when used at recommended
doses. Montelukast, a leukotriene receptor antagonist,
can be used for the treatment of allergic rhinitis—but
minimal data are available on the use of this medication
during pregnancy.

d The current second-generation antihistamines of choice
are loratadine or cetirizine.

d There may be a relationship between use of oral
decongestants in early pregnancy and a rare birth defect,
gastroschisis; however, the absolute risk of gastroschisis
in exposed fetuses is still extremely small. If nasal
decongestion is indicated in early pregnancy, an
external nasal dilator, short-term topical oxymetazoline,
or intranasal corticosteroid can be considered before use
of oral decongestants.
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