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Abstract. Asthma, a common chronic respiratory condi-
tion, poses unique challenges in pregnancy, impacting both
maternal and fetal health. Of note, 8-13% of pregnant women
suffer from asthma, a condition that can worsen, stabilize, or
improve during pregnancy. These fluctuations necessitate a
nuanced management strategy to ensure the health of both the
mother and fetus. Adverse outcomes, such as preeclampsia,
gestational diabetes and increased cesarean delivery rates are
associated with poorly controlled asthma. From a fetal perspec-
tive, the risks include preterm birth and a low birth weight.
Physiological changes in pregnancy, such as an increased tidal
volume and altered drug metabolism due to increased blood
volume, complicate the management of asthma. The safety of
asthma medications during pregnancy remains a significant
concern, with ongoing research into their teratogenic effects.
Recent advancements in treatment include the development
of biologics and the increased use of personalized medicine,
integrating pharmacogenomics and immunological profiling
to tailor treatments to individual needs. Digital health tools
have also emerged, enabling improved patient monitoring and
management. The present review highlights the complex inter-
play between asthma management and pregnancy outcomes,
advocating for comprehensive care approaches that consider
the dynamic physiological changes during pregnancy. It
underscores the need for ongoing research into the safety of
medication and innovative therapeutic strategies to improve
health outcomes for pregnant women with asthma and their
babies.
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1. Introduction

Asthma is a common chronic respiratory condition marked
by inflammation of the airways, the reversible obstruction of
airflow and an increased sensitivity of the bronchi (1). This
disease affects millions of individuals globally, markedly
affecting their quality of life (QoL) and placing a substantial
burden on healthcare systems. According to the Centers
for Disease Control and Prevention (CDC), asthma affects
~25 million Americans, which translates to ~1 in 13 individ-
uals (2). Globally, the prevalence of asthma varies; however, it
remains a critical public health challenge (3).

In pregnant women, the prevalence of asthma is note-
worthy, affecting 8-13% of pregnancies (4). Pregnancy can
alter the course of asthma, with approximately one-third
of pregnant women experiencing more severe symptoms,
one-third remaining stable and one-third observing an
improvement in their asthma condition (5). This variability
introduces significant challenges in the management of asthma
during pregnancy, necessitating a nuanced approach to treat-
ment that considers both maternal and fetal health. Multiple
factors compound the management of asthma in pregnancy,
increasing both maternal and fetal risks (6,7). These risks
underscore the importance of optimal asthma management
during pregnancy.

The physiological changes that occur during pregnancy,
such as the increased tidal volume and decreased functional
residual capacity, can complicate the standard asthma treatment
protocols (8). Furthermore, the safety of various asthma medi-
cations during pregnancy continues to be a pivotal concern,
with ongoing research focusing on understanding the terato-
genic effects of traditional and newer asthma medications (6).
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The present review discusses the novel challenges in
the management of asthma during pregnancy, particularly
focusing on the physiological, pharmacological and thera-
peutic complexities introduced by pregnancy. The present
review also discusses recent advancements in treatment strate-
gies that have emerged in response to these challenges. These
achievements include the development and increased use of
biologics in pregnancy, innovations in personalized medicine
approaches, and the integration of digital health tools into
patient monitoring and management strategies.

2. Physiological changes that occur during pregnancy

Physiological changes occurring in pregnancy. Pregnancy
induces notable physiological changes that can affect almost
every organ system, including the respiratory system. These
changes can exacerbate asthma or influence the effectiveness
and pharmacokinetics of medications for asthma management.

Respiratory and cardiovascular changes. During pregnancy,
several physiological changes occur that can complicate
asthma management. Increased progesterone levels stimulate
the respiratory center in the medulla, resulting in a 40%
increase in tidal volume and a 50% increase in minute venti-
lation, while the respiratory rate remains stable (9). These
changes are essential to meet the heightened oxygen demands
of both the mother and fetus. However, they also reduce arte-
rial partial pressure of carbon dioxide and elevate respiratory
alkalosis, potentially exacerbating airway hyperresponsive-
ness and altering responses to asthma medications (10).

The cardiovascular system also undergoes significant
adaptations during pregnancy, with the blood volume
increasing by 30-50% to ensure adequate placental perfusion
and meet the metabolic needs of the mother and fetus. This
hemodilution reduces drug concentrations in the bloodstream,
and combined with the enhanced renal blood flow, it can lead
to the more rapid clearance of asthma medications, such as
bronchodilators and corticosteroids. Consequently, standard
doses may not achieve therapeutic levels, necessitating careful
and potentially frequent adjustments to dosing regimens (11).

Immunologic and mechanical changes. Immunologically,
pregnancy induces a shift from a T-helper 1 (ThHI) to a
T-helper-2 (ThH2) dominance to prevent fetal rejection.
However, this ThH2-dominant response also increases anti-
body production and the likelihood of developing allergic
reactions, common triggers for asthma exacerbations. For
pregnant women with asthma, this shift can increase the
frequency and severity of symptoms, particularly if their
asthma is allergy-driven. Therefore, healthcare providers need
to reassess treatment plans to accommodate these immuno-
logical changes, potentially requiring more aggressive or
different therapeutic approaches (12).

Mechanically, the growing uterus elevates the diaphragm,
reducing the space within the thoracic cavity and decreasing
total lung capacity. This elevation primarily affects the residual
volume, the amount of air remaining in the lungs following a
forced exhalation. Although vital capacity remains stable, the
reduced lung space can cause a sensation of labored breathing.
Asthma sufferers may experience increased shortness of

breath, necessitating adjustments in management strategies,
such as the more frequent use of inhaled bronchodilators or
changes in the timing of medication administration (13).

3. Medication safety and treatment strategies

Medication safety. Ensuring the safety of asthma medications
during pregnancy is critical because of the potential risks to
both the mother and the fetus. Recent research has provided
considerable insight into the safety profiles of various asthma
medications when used during pregnancy.

Inhaled corticosteroids (ICS) and oral corticosteroids. ICS
are the cornerstone of asthma management and have been
extensively studied for their safety during pregnancy. Oral
corticosteroids are used to treat severe asthma attacks (14).

The study by Schatz er al (15) assessed the safety of various
asthma and allergy medications during pregnancy among
824 women with asthma and 678 controls without asthma.
Medications analyzed included [3-agonists and corticosteroids.
The primary outcomes investigated were major congenital
malformations, preeclampsia, preterm birth, a low birth
weight and infants who were small for their gestational age.
Their study found no significant associations between the use
of these medications and an increased risk of major congenital
malformations or other adverse perinatal outcomes, except for
oral corticosteroids, which were associated with an increased
risk of preeclampsia [odds ratio (OR), 2.0] (15). Furthermore, a
dose-response association was noted with corticosteroid expo-
sure and adverse outcomes, such as preeclampsia, preterm birth
and low birth weight. However, their study highlighted that the
risks associated with severe asthma potentially outweigh the
risks posed by medications, supporting the continued use of
oral corticosteroids when necessary, during pregnancy (15).

The study by Martel er al (16) examined the potential
risks associated with the use of ICS during pregnancy, specifi-
cally as regards pregnancy-induced hypertension (PIH) and
pre-eclampsia among asthmatic women. Utilizing data from
three Quebec health databases, their study analyzed 3,505
women with asthma across 4,593 pregnancies (16). The
findings of their study indicated no significant association
between the use of ICS and an increased risk of developing
PIH or pre-eclampsia. However, the use of oral corticoste-
roids was associated with a significant increase in the risk
of developing PIH, with a trend toward an increased risk of
pre-eclampsia (16).

Another study by Bracken er al (17) investigated the
impact of asthma and its treatment on pregnancy outcomes,
specifically focusing on preterm delivery and intrauterine
growth restriction among 2,205 pregnant women, including
873 women with a history of asthma. Their study found that
while asthma severity and symptoms did not significantly
affect the risk of preterm delivery, the use of certain medica-
tions, particularly oral corticosteroids, was associated with
an increased risk of preterm delivery (17). Women using oral
corticosteroids experienced reductions in gestational length by
~2.22 weeks (17).

In addition, the study by Blais et al (18) investigated the
risk of congenital malformations associated with the use of
ICS during the first trimester of pregnancy among women with
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asthma. The cohort of their study comprised 4,561 pregnancies
from women who delivered between 1990 and 2000. Their
study specifically evaluated the association between varying
doses of ICS and the incidence of congenital malforma-
tions (18). The key findings were that 9.2% of the pregnancies
resulted in congenital malformations, with 6.1% being clas-
sified as major malformations. Of note, ~40% of the women
used ICS during the first trimester, with only 5.3% using doses
>500 mg/day. The adjusted OR for all congenital malforma-
tions with ICS use was 0.77 for doses between 1-500 mg/day,
0.41 for doses between 501-1,000 mg/day, and 1.00 for doses
>1,000 mg/day. For major malformations, the adjusted ORs
were 0.90, 0.56 and 1.67 for the respective dose categories,
respectively (18). Their study concluded that the use of ICS
during the first trimester was not associated with an increased
risk of congenital malformations, even at higher doses. These
results support the safety of ICS treatment during pregnancy,
aligning with recommendations to maintain asthma control to
prevent adverse maternal and fetal outcomes (18).

The study by Bakhireva et al (19) evaluated the effects of
asthma medications, specifically ICS and oral corticosteroids
on fetal growth during pregnancy. The study included 654
infants born to mothers with asthma and 303 infants born to
mothers without asthma as controls. The key findings indicated
that the use of systemic corticosteroids was associated with
a decrease in mean birth weight, with infants born to these
mothers weighing ~200 g less compared to those exposed
only to B-agonists or no asthma medications. However, no
significant differences were found in the incidence of small for
gestational age infants among the different medication groups,
including ICS users (19). That study also noted that mean birth
length and head circumference did not significantly differ
among the groups. That study concluded that while systemic
corticosteroids had a minimal effect on birth weight, the use of
ICS did not impair fetal growth (19).

Furthermore, the study by Otsuka et al (20) investigated
the safety and efficacy of ICS for asthma management in preg-
nant women. That retrospective study reviewed the records of
592 asthmatic pregnant women who delivered at a Japanese
hospital between 1987 and 2003. The key findings of that study
indicated that the use of ICS increased significantly over the
study period, from 0% in 1987-1989 to 83.3% in 2000-2003.
The incidence of intrapartum asthma attacks markedly
decreased in women treated with ICS, with no attacks reported
from 2000 to 2003, contrasting with a 1.38% incidence from
1995 to 1999 among those treated with inhaled (3-agonists
alone (20). Perinatal abnormalities were more common
among untreated women and those with severe asthma. The
incidence of these abnormalities decreased significantly from
59.6% before 1995 to 26.2% after 1995 in the treated group,
particularly among those using ICS. Comparisons revealed no
significant differences in perinatal outcomes between women
treated with ICSs and those treated with other asthma medi-
cations, apart from a slightly higher incidence of premature
rupture of membranes in the ICS group, which still fell within
the expected range. Their study concluded that ICS are safe
and effective for preventing asthma attacks during pregnancy
and reducing perinatal abnormalities (20).

Rahimi er al (21) performed a large meta-analysis which
demonstrated that ICS do not elevate the risk of significant
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malformations, preterm delivery, low birth weight, or preg-
nancy-induced hypertension. Notably, they enhance symptom
management and are beneficial in treating asthma, rendering
them safe for use during pregnancy (21). These findings are
critical as they support the continued use of ICS in pregnant
women with asthma to maintain asthma control and reduce
exacerbations.

fB-agonists. As regards the use of 3-agonists during pregnancy,
studies have extensively evaluated the safety of short-acting
(-agonists (SABAs) and long-acting [3-agonists (LABAs) to
ensure they do not pose significant risks to the developing
fetus (22,23). Research has consistently shown that these medi-
cations, crucial for asthma management, are generally safe
for use during pregnancy and are not associated with major
teratogenic risks (22,23). This means that the use of SABAs
and LABAs does not increase the likelihood of congenital
anomalies or developmental issues in the fetus. Therefore,
they serve as an effective and safe component of an asthma
treatment regimen during pregnancy, guaranteeing optimal
asthma control for the mother, without jeopardizing the health
of the fetus. This safety profile supports the continued use of
these medications by pregnant women who require asthma
management, aligning with current medical guidelines and
practices (22,23).

The study by Lao and Huengsburg (24) retrospectively
analyzed the outcomes of pregnancy and labor in 87 asthmatic
mothers compared to a matched group of non-asthmatic
controls. The primary focus was on evaluating the safety
and impact of bronchodilator therapy, including the use of
[(-agonists, during pregnancy. The results of their study indi-
cated that bronchodilator therapy in asthmatic mothers was not
associated with an increased incidence of adverse outcomes,
such as preterm delivery, post-term delivery, low birth weight,
instrumental deliveries, postpartum hemorrhage, or perinatal
complications. However, there was a higher incidence of
caesarean sections in asthmatic mothers, particularly among
those receiving bronchodilator treatment. This was possibly
linked to a slightly higher rate of labor induction in these
patients (24). Additionally, that study found that well-controlled
asthma during pregnancy, even with the use of bronchodilator
therapy, did not significantly differ from normal controls in
terms of overall pregnancy outcomes. The presence or history
of asthma, when managed effectively, did not adversely influ-
ence the outcome of labor, with factors such as labor induction
and epidural analgesia playing a more significant role. The
findings suggest that with appropriate management, including
the use of bronchodilators, the risks associated with asthma
in pregnancy can be minimized, supporting the safety of
[-agonists during this period (24).

The study by Lin et al (25) explored the association between
the maternal use of asthma medications during the pericon-
ceptional period and the risk of gastroschisis, a congenital
abdominal wall defect. That case-control study used data from
the National Birth Defects Prevention Study, covering births
from 1997 to 2002, including 381 cases of gastroschisis and
4,121 controls without malformations (25). That study found
that the maternal use of bronchodilators during the pericon-
ceptional period was associated with an increased risk of
gastroschisis [adjusted OR, 2.06; 95% confidence interval (CI),
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1.19-3.59]. The risk was particularly elevated for women who
used multiple bronchodilators concurrently during this period,
suggesting a potential dose-response association (25). The
findings of that study indicate a potential association between
bronchodilator use and an increased risk of gastroschisis,
although that study could not definitively separate the effects
of medication from the effects of asthma severity. The authors
of that study highlighted the need for further research to
determine whether the increased risk is due to the medication
itself or the underlying uncontrolled asthma (25). That study
underscored the importance of carefully managing asthma
during pregnancy, while considering the potential risks and
benefits of asthma medications (25).

Another study by Clifton et al (26) examined the effects of
inhaled glucocorticoids and combination therapy with LABAs
on placental function and neonatal birthweight in pregnancies
complicated by asthma. Their study included 41 pregnant
women with asthma and a control group of 20 non-asthmatic
women. The asthmatic group was further divided based on
their medication: Budesonide alone, fluticasone propionate
alone, and a combination of fluticasone propionate with the
LABA salmeterol (26). The key findings were that the use of
inhaled budesonide was associated with an increased placental
113-HSD-2 activity, an enzyme critical for protecting the fetus
from excess maternal glucocorticoids. This group also exhib-
ited normal birthweight outcomes, suggesting that inhaled
budesonide does not adversely affect fetal growth. By contrast,
the combination therapy group (fluticasone/salmeterol) exhib-
ited reduced birthweight centiles, although without significant
changes in placental 113-HSD-2 activity (26). This suggests
a potential impact of LABAs on fetal growth, although the
small sample size necessitates further investigation. The study
by Clifton et al (26) concluded that while ICS alone appeared
safe and beneficial in managing asthma during pregnancy, the
combination with LABAs may require closer monitoring.

Leukotriene receptor antagonists. Numerous studies have
examined the safety and effects of leukotriene-receptor
antagonists (LTRAs), such as montelukast and pranlukast, on
both the mother and the baby during pregnancy.

For example, in 2007, Bakhireva et al (27) assessed the
safety of LTRAs by comparing perinatal outcomes among
women who used LTRAs, those who used short-acting
[-agonists and women without asthma. Their findings demon-
strated that LTRAs were not associated with increased risks of
adverse outcomes, such as pregnancy loss, gestational diabetes,
preeclampsia, low maternal weight gain, preterm delivery, low
Apgar scores, or reduced birth length and head circumference.
They noted a slight decrease in birth weight among infants
born to LTRA users, likely due to the severity of the asthma
of the mother (27).

Sarkar et al (28) in 2009 also examined the use of
montelukast during pregnancy in a multicenter, prospective,
comparative study. Their research involved 180 montelu-
kast-exposed pregnancies, resulting in 160 live births. Their
study noted lower birth weights and shorter gestational ages
for montelukast-exposed infants but found no significant
increase in major malformations (28).

Subsequently, Koren et al (29) in 2010 observed statisti-
cally smaller babies and shorter gestational ages in 180 cases

of pregnant women exposed to montelukast compared to
groups not exposed to teratogens. However, these differences
were not significant when compared to a disease-matched
group. It was found that ~25% of the newborns experienced
fetal distress, with only one reported case of major malforma-
tion among the 143 infants exposed during organogenesis (29).
The conclusion of that study was that montelukast does not
significantly increase the risk of major malformations in the
general population beyond the baseline risk (29).

In 2017 Cavero-Carbonell et al (30) conducted a Danish
study analyzing registry data to evaluate pregnancy outcomes
related to montelukast exposure. In montelukast-exposed
pregnancies, that study included 754,300 singleton pregnan-
cies and found increased risks of preterm birth and maternal
complications, such as preeclampsia and gestational diabetes.
However, that study found no significant increase in major
congenital anomalies, indicating that the severity of the
underlying maternal asthma may have a greater influence on
montelukast-related risks than the medication itself (30).

Subsequently, in 2022, Hatakeyama et al (31) focused on
montelukast and pranlukast, analyzing outcomes from 231
pregnant women exposed to these medications during the first
trimester compared to control groups. Their study reported
a 1.9% incidence of major congenital anomalies, with no
significant increase in risk indicated by multivariable logistic
regression analysis. The results of that study suggested that
montelukast and pranlukast do not elevate the risk of major
congenital anomalies, reinforcing their safety for asthma
management during pregnancy (31).

Tin 2023, Tsai et al (32) utilized Taiwan's National Health
Insurance Research Database to study the association between
LTRA use during pregnancy and the occurrence of neuropsy-
chiatric events (NEs) in offspring. That study, which covered
576,157 mother-offspring pairs, including 1,995 children
exposed to LTRAs, found no significant associations between
prenatal LTRA exposure and the development of attention
deficit hyperactivity disorder (ADHD), autism spectrum
disorder (ASD), or Tourette syndrome in children (32). The
findingsof that study indicate that LTR As do not increase the
risk of NEs in offspring, providing reassurance for their use in
pregnant women with asthma or allergic rhinitis (32).

Overall, these studies suggest that while LTRAs, such as
montelukast and pranlukast may be associated with certain
risks such as a lower birth weight and a shorter gestational age,
they do not significantly increase the risk of major birth defects
and are generally safe for managing asthma during pregnancy.
However, the underlying maternal asthma may contribute to
the observed risks, and further studies are recommended to
clarify these associations. They can be a valuable part of a
comprehensive asthma management plan, particularly for
women who do not respond well to other types of medications.
Further research is required on these associations to guarantee
the safety and effectiveness of LTR As in pregnant populations.

Biologics. Researchers have evaluated newer biological thera-
pies for pregnant populations, such as omalizumab, which
targets IgE antibodies. Limited studies suggest that omali-
zumab is safe during pregnancy (as mentioned below). The
‘Xolair Pregnancy Registry (EXPECT)’ report is a summary
of a study that investigated the safety of omalizumab use
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during pregnancy (33). That study focused on the outcomes for
the mother, the pregnancy and the baby, including the number
of birth defects. That study included 191 pregnant women
exposed to omalizumab, with data collection occurring at
various stages from enrollment to 18 months post-delivery.
The outcomes for 169 pregnancies indicated 156 live births,
11 spontaneous abortions, one stillbirth and one elective
termination. Among the live births, 14.5% of infants were
born prematurely, 10.9% were small for their gestational age,
and 3.2% had low birth weights. There were 20 infants with
confirmed congenital anomalies, with 7 infants having major
defects and no unusual pattern of anomalies (33). Overall,
the results of that study suggest that omalizumab exposure
during pregnancy does not significantly deviate from expected
congenital anomaly rates in the general population or among
asthma sufferers, indicating no additional risk from the drug
during pregnancy (33).

The study by Namazy et al (34) in 2020 compared the
pregnancy outcomes of women treated with omalizumab
and a disease-matched cohort not receiving omalizumab.
Their study monitored 250 pregnant women with asthma who
received omalizumab treatment and compared their outcomes
with those of 1,153 pregnant women with moderate-to-severe
asthma who did not receive the treatment. The results of their
study revealed that the prevalence of major congenital anoma-
lies was 8.1% in the omalizumab-exposed group and 8.9%
in the comparator group, indicating no significant difference
in the risk of congenital anomalies between the two groups.
Furthermore, the rates of live births and premature births were
similar between the two groups, suggesting that the use of
omalizumab during pregnancy does not increase the risk of
these outcomes compared to a similar population not treated
with the drug (34).

Gemicioglu et al (35) in 2021 examined the safety of omal-
izumab treatment in pregnant patients with asthma and found
it to be safe for both mothers and their infants. The researchers
observed improvements in asthma control measures during
and after pregnancy compared to before treatment initiation,
after analyzing data from 20 pregnant women treated with
omalizumab. While 36.4% of the women experienced asthma
exacerbations during pregnancy, there were no congenital
anomalies among the 23 infants born, although there were
instances of low birth weight and premature births. That study
concluded that omalizumab does not significantly increase
risks for pregnant patients or their offspring (35).

In 2022, Shakuntulla and Chiarella (36) provided an
extensive analysis of the safety of using biologics in pregnant
women with atopic diseases. The focus of their study was
on seven FDA-approved biologics: Omalizumab, mepoli-
zumab, reslizumab, benralizumab, dupilumab, tezepelumab
and tralokinumab. The data compiled from various sources,
primarily case reports and observational studies, involved a
total of 313 pregnancies (36). Their study found no significant
evidence that these biologics negatively affect pregnancy
outcomes, including preterm delivery, low birth weight, or
congenital malformations. This suggests that the underlying
atopic condition worsening is more likely to affect pregnancy
viability than the biologics themselves. However, the authors
of that study call for more extensive prospective studies and
registries to better assess the long-term safety and effects of
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biologics on maternal and fetal health, acknowledging the
limitations of the current data due to the small sample sizes
and lack of controlled studies (36).

Collectively, the data remain relatively limited, and
biologics are typically reserved for patients with severe asthma
who do not respond to other treatments.

Innovative therapeutic approaches. In addition to the ongoing
evaluation of medication safety, there have been significant
advancements in personalized care plans, biologic treatments
for severe asthma, the use of inhaled corticosteroids and
enhanced monitoring techniques during pregnancy (37).

Integrated care approaches. Healthcare professionals,
including obstetricians, pulmonologists, allergists, and primary
care providers, have recognized the efficacy of multidisci-
plinary care models in managing asthma during pregnancy.
Research has shown that these integrated care approaches
significantly improve the outcomes of pregnant women with
asthma by providing comprehensive and cohesive care. The
key components of such models typically include custom-
ized asthma action plans tailored to meet the unique needs
of each patient. These plans outline detailed strategies for
managing symptoms and provide clear instructions on how to
adjust medications safely during pregnancy. These approaches
require regular monitoring to promptly identify and address
any changes in the condition of the patient or response to
treatment. This proactive surveillance helps mitigate the risks
associated with asthma exacerbations during pregnancy, which
can pose significant health risks to both the mother and fetus.
Adjustments to therapy are based on a thorough assessment of
the current condition of the patient, considering factors, such
as gestational age and any other complications or comorbidi-
ties (38).

Utilizing telemedicine and digital health tools. The advent
of telemedicine and digital health tools has transformed the
management of chronic diseases, including asthma during
pregnancy. These technologies enable the continuous moni-
toring and real-time data collection, making it easier for
healthcare providers to make informed decisions and adjust
treatment plans as needed without the necessity of frequent
face-to-face visits. This is particularly advantageous for
pregnant women, who may find frequent trips to healthcare
facilities challenging.

Digital tools, such as mobile apps for tracking symptoms
and medication use, as well as wearable devices that monitor
respiratory function, can improve patient engagement and
self-management. These technologies allow patients to record
and report their symptoms in real-time, facilitating timely
interventions by healthcare providers. Furthermore, telemedi-
cine provides a platform for virtual consultations, which are
crucial during times when access to direct medical care is
limited (39,40).

Updates on medication safety and management strategies.
Recent advances in research regarding the safety and efficacy
of asthma medications during pregnancy have led to signifi-
cant updates in standard care protocols. These guidelines are
critical for ensuring the health and safety of both the mother
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and the unborn child. These updated protocols focus on main-
taining optimal asthma control by administering the safest
possible medications at the lowest effective doses.

The guidelines advocate for a careful assessment of the
risks and benefits of each medication, considering the latest
evidence on their safety profiles during pregnancy. This
approach not only helps in preventing asthma exacerbations,
but also minimizes the potential risks associated with medi-
cation exposure during pregnancy. The goal is to strike a
balance between effective asthma control and the imperative
to protect fetal development, thereby reducing the likelihood
of complications, such as pre-term birth and a low birth weight
associated with poorly controlled asthma. These updated
protocols serve as a crucial resource for healthcare providers,
ensuring that pregnant women with asthma receive the most
effective and safest possible care (41).

Personalized medicine. Personalized medicine represents
a transformative approach to healthcare, particularly in the
management of asthma during pregnancy, by tailoring treat-
ment to the individual characteristics of each patient. By
specifically aligning care with the physiological and genetic
profile of pregnant women, this personalized approach
enhances the efficacy and safety of asthma management (42).

Pharmacogenomics. The field of pharmacogenomics has
emerged as a pivotal component of personalized medicine,
providing insight into the genetic factors that influence the
onset and progression of asthma, as well as responses to
specific therapies. By understanding the genetic makeup of
an individual, clinicians can predict how well a patient may
respond to certain asthma medications, potentially avoiding
ineffective treatments and reducing the likelihood of adverse
reactions. For instance, certain genetic markers can indicate
a higher likelihood of success with specific bronchodilators
or corticosteroids, enabling a more targeted and effective
management strategy. This precision in selecting medications
is particularly critical during pregnancy, where the safety of
drugs becomes even more paramount to avoid any harm to
both the mother and the developing fetus (43-45).

Environmental and lifestyle modifications. Environmental
and lifestyle factors play a critical role in asthma manage-
ment. Personalized medicine also includes tailored advice on
managing these factors during pregnancy, which can have a
profound impact on asthma control (46).

For example, healthcare providers may recommend specific
strategies to mitigate exposure to allergens that are known to
trigger the asthma symptoms of an individual, such as pet
dander, dust mites or pollen. Guidance on avoiding allergens
and irritants is essential for managing asthma during preg-
nancy. This includes practical advice on maintaining a clean,
allergen-free home environment, such as strategies to reduce
exposure to pet dander, dust mites, and mold. In occupational
settings, pregnant women with asthma should receive recom-
mendations on protective measures to minimize exposure
to workplace irritants. These proactive measures contribute
to controlling symptoms, reducing the risk of exacerbations,
and creating a supportive respiratory environment during
pregnancy (47,48).

Smoking cessation is critical for pregnant women with
asthma as it exacerbates asthma symptoms and poses signifi-
cant risks to both maternal and fetal health (49). Tailored
smoking cessation programs should be readily available,
offering support, counseling and resources to help pregnant
women quit smoking and adopt a tobacco-free lifestyle. These
programs are essential for mitigating the harmful effects of
smoking, promoting healthier pregnancies, and lessening the
respiratory burden on both the mother and the developing
fetus. Healthcare professionals should make it a priority
to provide assistance and access to resources for pregnant
women to quit smoking. Midwives play a crucial role in
this effort by offering guidance, counseling, and resources
to support pregnant women in quitting smoking. They can
provide personalized care plans, education about the risks of
smoking during pregnancy, and ongoing support throughout
the quitting process. Additionally, midwives can collaborate
with other healthcare providers to ensure that pregnant women
have access to comprehensive smoking cessation programs
and resources tailored to their specific needs (50-53).

Healthcare professionals play a crucial role in supporting
the well-being of pregnant women, particularly those suffering
from asthma. Encouraging pregnant women with asthma to
receive flu vaccinations is essential for safeguarding their
health and the health of their unborn children (54).

Pregnant women, particularly those with asthma, need to be
vaccinated against the flu for several reasons. Pregnant women,
including those with asthma, are at a higher risk of experi-
encing severe flu complications due to changes in their immune
system and respiratory function during pregnancy. Asthma can
further exacerbate these risks, rendering pregnant women more
vulnerable to complications, such as pneumonia and respiratory
distress. Flu vaccination can help protect pregnant women from
contracting the flu, reducing the likelihood of experiencing
severe illness and its associated complications. By avoiding
the flu, pregnant women can maintain their overall health and
well-being during pregnancy. Flu vaccination during preg-
nancy not only benefits the mother, but also provides protection
to the baby. Studies have shown that maternal flu vaccination
lowers the risk of flu-related complications in newborns, such
as premature birth and low birth weight. Additionally, the
response of the mother to the flu vaccine can pass on antibodies
to the baby, providing some immunity during the early months
of life when the baby is too young for vaccination. Moreover,
vaccinating against the flu can help pregnant women with
asthma prevent flu-related asthma exacerbations. Respiratory
infections, including the flu, can trigger asthma symptoms and
lead to the worsening of asthma control. By reducing the risk of
flu infection, vaccination can help maintain asthma control and
minimize the need for asthma-related medical interventions
during pregnancy (55,56).

Healthcare providers can also personalize dietary
recommendations to improve respiratory health, including
anti-inflammatory foods that aid in managing asthma symp-
toms. Advice on physical activity, tailored to the condition of
the patient and stage of pregnancy, can further support respira-
tory function and overall well-being (57,58).

Immunological profiling. Immunological profiling is an
advanced technique that involves the detailed analysis of
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immune markers, such as cytokine levels and other inflam-
matory indicators, which can vary significantly among
individuals. This approach allows clinicians to identify
specific inflammatory pathways active in a patient and tailor
treatments accordingly. For pregnant women, particularly
those with severe or difficult-to-control asthma, this can
mean a more precise treatment plan that directly targets the
underlying mechanisms of their asthma. By tailoring therapy
to the unique immunological profile of each individual, it is
possible to achieve better asthma control, reduce the frequency
of exacerbations, and minimize the need for systemic medi-
cations that may pose risks during pregnancy. This targeted
approach ensures that management strategies are both effec-
tive and safe, adhering to the principle of ‘precision medicine’
in a clinical context where both maternal and fetal health are
the priority (59).

4. Implications for maternal and fetal health

Maternal outcomes. Effective asthma management during
pregnancy is crucial for optimizing maternal health outcomes
both during and after pregnancy. Uncontrolled asthma poses
significant risks, including increased rates of hypertension and
preeclampsia, complications that can lead to further maternal
morbidity (60).

Hypertension and preeclampsia. Poorly controlled asthma
during pregnancy poses a significant risk for the development
of hypertension and preeclampsia in affected women. The
inflammatory processes inherent in uncontrolled asthma can
potentially lead to vascular dysfunction, thereby exacerbating
the risk of hypertensive disorders during pregnancy. Chronic
inflammation associated with asthma may disrupt normal
vascular homeostasis, leading to endothelial dysfunction and
increased vascular resistance, both of which are hallmark
features of hypertension and preeclampsia. Furthermore,
the systemic inflammatory response characteristic of uncon-
trolled asthma can promote oxidative stress and endothelial
injury, further predisposing pregnant women to developing
these complications. In addition, when asthma gets worse,
pro-inflammatory cytokines and mediators are released. These
can cause endothelial activation and dysfunction, which raises
the risk of high blood pressure and preeclampsia (61-63).

A previous meta-analysis revealed that maternal asthma
is associated with a 45% higher risk of developing preg-
nancy-induced hypertension (PIH) [relative risk (RR), 1.45;
95% CI, 1.29-1.63], and the risk of transient hypertension
of pregnancy is doubled (RR, 2.00; 95% CI, 1.52-2.63) (58).
Additionally, women with asthma have a 28% increased risk
of developing preeclampsia or eclampsia (RR, 1.28; 95% CI,
1.25-1.32). Specifically, the risk of developing preeclampsia
alone is 43% higher (RR, 1.43; 95% CI, 1.31-1.57) and
for eclampsia, it is also 56% higher (RR, 1.56; 95% CI,
1.13-2.15) (62).

Cesarean delivery and complicated labor. Exacerbations
of asthma during pregnancy have been associated with
increased risks of cesarean delivery and complicated labor.
The underlying inflammation and physiological changes
caused by asthma can have an impact on labor progression and
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outcomes (64). A previous study found that 27.1% of pregnant
women with asthma who experienced exacerbations underwent
cesarean sections, which is significantly higher than the 18.9%
rate observed in asthmatic women without exacerbations (65).
After excluding cases with direct indications for cesarean
sections, such as fetopelvic disproportion or failed induction,
the rate still remained higher (7.3 vs. 5.3%) in women with
asthma exacerbations (65).

Post-pregnancy recovery. Effective asthma control during
pregnancy also affects post-pregnancy recovery, influ-
encing recovery time and the risk of developing postpartum
complications. Effective asthma control reduces the risk of
developing postpartum hemorrhage and infections, which are
more prevalent among women with systemic inflammation
due to uncontrolled asthma (66,67). Wang et al (62) observed
that pregnant women with asthma faced a heightened risk of
experiencing deep vein thrombosis (DVT) and pulmonary
embolism (PE) compared to those without asthma. More
specifically, according to their study, the risk of developing
venous thromboembolism was 2.60-fold higher (adjusted
OR, 2.60; 95% CI, 2.41-2.80), the risk of developing PE was
3.80-fold higher (adjusted OR, 3.80; 95% CI, 3.41-4.24) and
the risk of developing DVT was 2.04-fold higher (adjusted
OR, 2.04; 95% CI, 1.84-2.25) in asthmatic women (66).
This observation is corroborated by findings of the study by
Mendola et al (67), which found that women with asthma had
a significantly higher risk of developing PE during pregnancy.
Specifically, the risk of PE was 1.71-fold higher in women with
asthma compared to those without asthma (adjusted OR 1.71,
95% CI, 1.05-2.79) (67).

It is widely recognized that pregnancy inherently entails
an increased risk of hypercoagulability and venous stasis, both
of which contribute to the development of thromboembolic
events (67). Furthermore, asthma itself has been identified as a
prothrombotic condition (68).

Impact of pregnancy on asthma. The study conducted by
Schatz et al (69) involving 330 pregnant women revealed that
asthma worsened in 35% of the participants, remained stable
in 33% participants and improved in 28% participants (with
uncertainty in 4%) during pregnancy.

Stenius-Aarniala et al (70), in a prospective study of 504
pregnant women with asthma, noted that 47 women experi-
enced acute attacks, predominantly occurring between the
17th and 24th week of pregnancy. This was attributed to
a reduction or cessation of medication early in pregnancy,
leading to symptom exacerbation a few weeks later.

In another study, Kim ez al (65) compared 3,357 preg-
nant asthmatic patients with 50,355 non-pregnant asthmatic
patients, finding a higher rate of asthma-related hospitaliza-
tions among pregnant patients, with increasing proportions
throughout pregnancy trimesters. They observed a prevalence
of 5.3% for asthma exacerbations during pregnancy, with those
experiencing acute exacerbations requiring more intensive
asthma-related healthcare (65).

Furthermore, another prospective cohort study of 146
asthmatic pregnant women noted severe exacerbations in
36% of cases, with viral respiratory infections and discon-
tinuation of inhaled corticosteroids being major contributing
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factors (71). Additionally, psychological changes occurring
during pregnancy, such as heightened emotional vulnerability
and stress, have been identified as potential triggers for asthma
exacerbations (72).

Impact on maternal QoL. The study by Fazel er al (73)
included 1,603 pregnant women, of whom 34 (2.1%) were
diagnosed with asthma. Among these, 38% had well-controlled
asthma, while 62% had partly or poorly controlled asthma.
Quality of life (QoL) scores varied significantly depending
on asthma severity and control. Women with moderate to
severe persistent asthma had lower median QoL scores across
various domains, including symptoms (39.3 vs. 65.5), activi-
ties (58.4 vs. 70.1) and emotional well-being (45.7 vs. 62.9),
compared to those with intermittent or mild persistent asthma.
The overall QoL was higher in women with well-controlled
asthma (median score of 69.6) compared to those with partly
or poorly controlled asthma (median score of 55.8) (73). The
study by Powell et al (74) focused on pregnant women with
asthma, examining their QoL and related psychosocial factors.
It involved 125 participants with an average age of 28.3 years
and a mean gestational age of 16.4 weeks. The Asthma Control
Questionnaire (ACQ) revealed that 30.4% of women had
controlled asthma, 42.4% had partly controlled asthma and
27.2% had uncontrolled asthma. Their study found that women
generally reported a good QoL, with a median Asthma Quality
of Life Questionnaire-Marks (AQLQ-M) total score of 0.88
out of 10, indicating relatively low impairment. Anxiety was
measured with the Six-Item Short-Form State Trait Anxiety
Inventory (STAI-6), where participants had a median score of
26.7, suggesting low anxiety levels. However, a poorer QoL
was significantly associated with greater levels of anxiety
(P<0.0001), more negative illness perceptions, and the need
for maintenance with ICS (P=0.023) (74).

Fetal outcomes. The impact of asthma on fetal development
is profound, with several studies (as presented below) high-
lighting increased risks of adverse outcomes, such as a low
birth weight, preterm birth and perinatal morbidity.

Low birth weight and small for gestational age. Asthma,
particularly when poorly controlled, is associated with a
higher risk of delivering low birth weight and small for gesta-
tional age infants. Active asthma flare-ups during pregnancy
raise the risk of these outcomes by affecting fetal growth. This
is most likely because of less oxygenation and more stress
for the fetus (61,75,76). It has been reported that pregnant
women with asthma have a 46% increased risk of delivering a
low-birth-weight baby (RR, 1.46; 95% CI, 1.22-1.75) compared
to women without asthma. In addition, the risk of having an
infant which is small for its gestational age is increased by
22% (RR, 1.22;95% CI, 1.14-1.31) in women with asthma (75).

Preterm birth. Pregnancies complicated by asthma signifi-
cantly increase the likelihood of preterm birth, a concerning
outcome associated with various maternal and neonatal health
risks. It has been reported that the risk of preterm delivery
is 41% higher in pregnant women with asthma compared to
those without asthma (RR, 1.41; 95% CI, 1.23-1.62) (75). The
systemic inflammation characteristic of uncontrolled asthma
exacerbations poses a significant threat, as it can trigger a
cascade of events leading to the premature onset of labor.

Moreover, the hypoxic episodes frequently experienced during
asthma exacerbations further compound this risk, potentially
disrupting the delicate balance necessary for maintaining the
pregnancy to full term. These pathological processes, driven
by the inflammatory response and oxygen deprivation inherent
in uncontrolled asthma, may ultimately culminate in the
untimely initiation of labor, heightening the risk of preterm
birth and its associated complications for both mother and
baby (77-80).

Perinatal morbidity. Infants born to mothers with asthma
face an increased risk of perinatal morbidity, encompassing
various health challenges during the immediate newborn
period. One significant concern is the heightened incidence of
respiratory distress syndrome (RDS), a condition characterized
by breathing difficulties shortly after birth due to underdevel-
oped lungs or inadequate surfactant production. Infants born
to mothers with asthma may experience a higher prevalence of
RDS due to the potential impact of maternal asthma on fetal
lung development and function. Additionally, neonates born to
mothers with asthma may require admission to the neonatal
intensive care unit (NICU) at a higher rate than infants born
to mothers without asthma. Several factors, including the
increased likelihood of preterm birth associated with maternal
asthma and the potential exacerbation of respiratory symptoms
in newborns exposed to maternal asthma triggers or allergens
during pregnancy, contribute to this heightened need for NICU
admission (81,82).

It has been found that infants born to mothers with asthma
have a 49% higher risk of neonatal mortality (RR, 1.49; 95%
CI, 1.11-2.00) and a 50% higher risk of requiring NICU admis-
sion (RR, 1.50; 95% CI, 1.03-2.20) compared to those born
to mothers without asthma. Additionally, the overall risk of
perinatal mortality, which includes both stillbirth and neonatal
death, is elevated by 25% (RR, 1.25; 95% CI, 1.05-1.50) in this
population (82).

Furthermore, maternal asthma exacerbations during
pregnancy can lead to fetal hypoxia, which may further
compromise the newborn's respiratory function and overall
health. The uncontrolled maternal asthma inflammatory
milieu may also contribute to systemic inflammation in the
neonate, potentially exacerbating respiratory complications
and necessitating NICU care (83).

Respiratory conditions in offspring. Children born to
mothers with asthma are more likely to develop asthma
and other atopic conditions themselves. In the study by
Brew et al (84), it was reported that children born to mothers
with asthma had an increased risk of developing asthma and
other atopic conditions. Specifically, maternal asthma was
associated with a 1.5- to 2-fold higher likelihood of children
developing asthma compared to those whose mothers did not
have asthma (84).

The inflammatory processes that connect maternal and
childhood asthma are complicated. They involve the immune
system of the mother not functioning properly during preg-
nancy and the development of the immune system of the child
after birth. Maternal asthma is associated with increased levels
of pro-inflammatory cytokines, such as interleukin (IL)-4,
IL-5 and IL-13, which can cross the placenta and influence
fetal immune programming. Additionally, maternal asthma
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exacerbations during pregnancy may lead to the release
of inflammatory mediators and oxidative stress markers,
further impacting fetal immune development. These prenatal
exposures can prime the fetal immune system towards a
Th2-dominant phenotype, characterized by heightened
allergic responses and susceptibility to asthma development
later in childhood. Moreover, epigenetic modifications, such
as DNA methylation and histone acetylation, may occur in
response to maternal asthma and contribute to altered gene
expression patterns associated with asthma susceptibility in
the offspring (84,85).

Neurodevelopmental and behavioral issues. Previous studies
have suggested an association between maternal asthma
and increased risks of neurodevelopmental disorders in
offspring (86,87). It has been found that maternal asthma
exacerbations during pregnancy are associated with a 50%
increased risk of developing ASD in children (87).

The association between allergy and asthma with neuro-
developmental disorders in offspring implicates intricate
mechanisms involving immune dysregulation, inflammatory
pathways and potential disruptions in neurodevelopmental
processes. Firstly, maternal immune dysregulation, commonly
observed in individuals with allergies and asthma, can lead
to the release of pro-inflammatory cytokines and chemokines
during pregnancy. These inflammatory mediators may traverse
the placental barrier and exert direct or indirect effects on fetal
neurodevelopment, influencing processes, such as neuronal
migration, synaptogenesis and myelination. Additionally,
maternal allergic responses may trigger the production of
maternal antibodies, including immunoglobulin E (IgE),
which could cross the placenta and interact with fetal neural
tissues, potentially perturbing normal neurodevelopmental
trajectories (88).

Moreover, prenatal exposure to maternal allergic and
asthmatic conditions may contribute to oxidative stress and
systemic inflammation in the developing fetus, further exac-
erbating neurodevelopmental vulnerabilities. Oxidative stress
markers and inflammatory cytokines released in response to
maternal allergic reactions could disrupt delicate neurodevel-
opmental processes, leading to aberrant synaptic connectivity,
altered neurotransmitter signaling, and neuroinflammation in
the offspring (86).

Alterations in neural circuitry and immune balance could
increase the susceptibility of offspring to neurodevelopmental
disorders, including ASD, ADHD and cognitive deficits (89).
The intricate association between maternal conditions, such
as allergies and asthma and the neurodevelopmental disorders
in offspring highlights the necessity of comprehending the
fundamental mechanisms. This understanding is crucial for
devising specific interventions to reduce these detrimental
effects.

Obesity and metabolic syndrome. There is emerging evidence
to indicate that children of asthmatic mothers may have a
higher risk of developing obesity and metabolic syndrome.

In a previous case-control study involving children aged
6 to 7 years, the researchers aimed to identify factors associ-
ated with asthma and obesity in this age group. They collected
data on asthma symptoms, maternal and childhood factors and
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anthropometric measurements. Of the 201 evaluated children,
25.4% displayed asthma symptoms and 37.2% met the clas-
sification of being overweight or obese. The group with asthma
symptoms and overweight/obesity had higher waist circum-
ference, triceps skinfold, and body mass index compared to
those without asthma symptoms. That study found significant
associations between asthma and overweight/obesity symp-
toms and maternal factors. The study specifically identified
maternal history of asthma and hypertension during preg-
nancy as significant risk factors. Children whose mothers had
a history of asthma were ~3.73-fold more likely to exhibit
asthma and overweight/obesity symptoms, while those whose
mothers experienced hypertension during pregnancy had a
3.29-fold higher likelihood of displaying these symptoms (72).

5. Recommendations and future directions

Research gaps. Despite considerable advancements being
made in the understanding and management of asthma during
pregnancy, significant gaps remain, particularly concerning
long-term health impacts and treatment safety. Addressing
these gaps is crucial for enhancing patient care and improving
outcomes.

Long-term effects on health. There is a need for longitudinal
studies that follow children born to mothers with asthma into
adulthood to comprehensively assess the long-term health
impacts. Such studies are required to focus on the development
of chronic diseases, mental health outcomes and the overall
QoL. The complex interplay between maternal asthma, envi-
ronmental factors and genetic predispositions remains poorly
understood and warrants further investigation (90).

Safety and efficacy of newer medications. As newer medica-
tions and biological treatments become available for asthma
management, their safety and efficacy during pregnancy
require rigorous evaluation. Small cohorts or post-marketing
surveillance reports often limit current data. Large-scale,
randomized controlled trials are necessary to establish clear
safety profiles and dosing guidelines for these drugs during
pregnancy (72).

Research is necessary to determine the impact of varying
degrees of asthma severity on pregnancy outcomes. This
includes understanding how different levels of disease control
may influence both maternal and fetal health and identifying
key interventions that could mitigate the risks associated with
severe asthma (91).

Emerging technologies. The integration of emerging tech-
nologies into asthma management during pregnancy could
transform current approaches and enable more personalized
and effective care.

Digital health tools. Digital health tools, including mobile
health apps and wearable devices, provide promising avenues
for real-time monitoring and management of asthma in
pregnancy. These tools can facilitate symptom tracking, medi-
cation adherence, and the early detection of exacerbations.
The potential for these technologies to improve outcomes by
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Figure 1. Summary of the complex interplays between asthma and pregnancy. Portions of the figure utilized images from Servier Medical Art, licensed under
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enhancing patient engagement and enabling more dynamic
treatment adjustments has been already highlighted (92).

Telehealth. The expansion of telehealth services can provide
pregnant women with better access to specialized care. In rural
or underserved areas with limited healthcare resources, this is
especially crucial. Telehealth platforms can support regular
consultations with healthcare providers, educational initiatives
and pulmonary function testing at home, thereby improving
asthma management and reducing hospital visits (93,94).

Predictive analytics. Leveraging big data and predictive
analytics could lead to more precise predictions of asthma exac-
erbations and treatment responses in pregnant women. These
technologies can analyze vast amounts of data from electronic
health records, environmental sensors, and personal devices to
identify patterns and predict risks, potentially guiding preventa-
tive measures and personalized treatment plans (95,96).

Policy and practice recommendations. To improve asthma
management during pregnancy, specific policy adjustments
and changes in clinical practice are necessary.

Updated clinical guidelines. There is a need for regu-
larly updated clinical guidelines that incorporate the latest
research findings and emerging therapies. These guidelines
should provide clear recommendations for managing asthma
in different stages of pregnancy and address the use of new
medications and technologies (97).

Training and education programs. Enhancing training
and education programs for healthcare providers is essential
for ensuring they are equipped with the latest knowledge and
skills to manage asthma in pregnancy effectively. This includes
understanding the pharmacokinetics of asthma medications
during pregnancy, applying new technologies, and interpreting
data from digital health tools (98).

Policy initiatives. Governments and health organiza-
tions need to prioritize funding for asthma research and

technology development, focusing on pregnancy-related
issues. Additionally, policies that improve air quality and
reduce environmental triggers can benefit pregnant women
with asthma and contribute to better overall public health
outcomes (99,100). The complex interplays between asthma
and pregnancy are summarized in Fig. 1.

6. Conclusions

The management of asthma during pregnancy presents unique
challenges that significantly impact both maternal and fetal
health outcomes. Improved pregnancy outcomes are closely
associated with effective asthma control, underscoring the
significance of continuous management and monitoring.
Recent advancements in medication safety have yielded reas-
suring data on commonly used asthma treatments during
pregnancy, safeguarding both mothers and fetuses from
potential adverse effects. Additionally, innovative therapeutic
approaches, such as digital health tools and personalized
medicine, have shown promising results in improving asthma
management in pregnant patients.

However, despite these advancements, substantial research
gaps remain, particularly concerning the long-term health
implications for children born to mothers with asthma and the
safety and efficacy of newer medications. Addressing these
gaps through rigorous research and integrating findings into
clinical practice is critical for advancing treatment strategies.

Emerging technologies, such as telehealth and predic-
tive analytics offer exciting opportunities to improve
asthma care during pregnancy, but their integration into
routine clinical practice requires careful consideration and
adaptation. Furthermore, policy adjustments and enhanced
training programs for healthcare professionals are crucial to
ensuring the effective implementation of these new tools and
approaches.

In conclusion, ongoing research and adaptation of clinical
practices are vital for meeting the evolving challenges of
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managing asthma in pregnant patients effectively. Persistence
is required in efforts to guarantee optimal care for every
pregnant woman with asthma, protecting both the health of
the mother and child.
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