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Abstract
Asthma and infertility are the most common disorders among women of reproductive age. Time to
pregnancy is prolonged in women with asthma, and importantly, age seems to be a more important risk
factor regarding fertility in women with asthma compared to women without asthma. Some data have
shown a higher frequency of miscarriages in women with asthma, although the data are conflicting on this
issue as studies have observed no association between asthma and pregnancy loss. Furthermore, studies
have shown no negative effect of asthma on the total number of offspring. Pregnancy may, thus, have a
significant impact on women with asthma, as well as on their offspring.
The age of the women has an important impact on ability to conceive, but also for the pregnancy itself, with
higher risk of uncontrolled asthma as well as asthma exacerbations with increasing age. Well-controlled asthma
decreases the risk of maternal and fetal complications, while poorly controlled and undertreated asthma is
associated with a range of risks for both mother and fetus. Asthma treatment should follow the general
guidelines for asthma therapy, irrespective of pregnancy status, including treatment with inhaled corticosteroids,
β2-agonists and muscarinic antagonists. Targeted treatment with biologics for severe asthma seems to be
without important adverse effects. The use of systemic corticosteroids may be associated with adverse events
during the first trimester; however, an exacerbation with the associated risk of hypoxaemia is worse for the
fetus. Best possible asthma control may be achieved using repeated measurements of fractional exhaled nitric
oxide (FENO), as the use of FENO compared with symptoms registration only has been shown to reduce
exacerbation rate.
In conclusion, women with asthma should be encouraged to conceive at an early age, might experience
miscarriages, but the number of offspring are the same as in women without asthma. Well treated asthma
is important for the well-being of both the mother and the unborn fetus.

Introduction
Asthma is one of the most common chronic diseases among women of reproductive age with a prevalence
up to 14% depending on geographical region [1–3]. The disease is known to be a potential important risk
factor for adverse outcomes for both women and their offspring. Pregnancy may have a significant impact
on the manifestations of asthma. Traditionally, it is agreed that one-third of women with asthma,
respectively, experience improvement, no change and deterioration of their asthma during pregnancy [4–6].
However, in a recent study by STEVENS et al. [7] the subgroup with improvement of asthma during
pregnancy was not observed. Instead, they found that a larger group of asthmatic women had worsening of
their asthma during pregnancy (40%) [7]. A limitation might be that some women with asthma are
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followed by their own doctor, and the state of illness might not be reported, and therefore the effect of
asthma on pregnancy outcome might be difficult to measure.

There are at least three periods of a woman’s reproductive life where asthma may be an important factor:
during conception, pregnancy and post-partum. This review will focus on these three periods, and the
possible issues facing clinicians working within this area.

Time to pregnancy and impaired fertility in women with asthma
Women with asthma seem to have disadvantages during conception, as they have a prolonged time to
pregnancy (TTP) and more often need fertility treatment to achieve a successful pregnancy [8, 9]. It is at
present incompletely understood how asthma is associated with infertility, also because asthma does not
seem to negatively affect the total number of offspring [10].

Both asthma and infertility are common chronic diseases in women of reproductive age and infertility
seems to be on the rise worldwide. Infertility has been estimated by the World Health Organization
(WHO) to affect 48 million couples and 186 million individuals globally [11–13]. A recent Danish study
investigating causes of infertility found that 58% and 25%, respectively, of women initiating intrauterine
insemination and assisted reproductive technology had unexplained or idiopathic infertility [14]. Idiopathic
or unexplained infertility may be related to unrecognised underlying conditions such as asthma. The true
prevalence of impaired fertility among women with asthma is unknown but may be higher than currently
assumed.

Several factors have been deemed important concerning the fertility of women with asthma. Asthma is an
inflammatory disease, characterised by both airway and systemic inflammation, reversible airflow
limitation, with or without atopy, and airway hyperresponsiveness (AHR). The phenotype of asthma and
the severity of airway inflammation may be of importance for fertility, as previous studies have shown that
age of the woman, non-atopic asthma and no use of inhaled corticosteroid (ICS) have a negative impact on
fertility [9, 10, 15–17]. It has been hypothesised that the systemic inflammation may affect the
reproductive organs, including the endometrium, and thereby have an impact on various phases of the
reproductive cycle, not least the implantation in the uterus. In women with unexplained infertility, GADE

et al. [18] investigated the uterine lining during implantation in women with asthma and reported lower
levels of vascular endothelial growth factor (VEGF) in those being non-atopic, whereas atopic asthmatic
females had levels similar to controls. Lower levels of VEGF might have a negative impact on the
receptivity of the endometrium and thereby TTP and pregnancy rate. This might indicate that atopic status
affects fertility of women with asthma differently.

Age seems to be a more important factor regarding fertility in women with asthma compared with
non-asthmatic women. In 2016, GADE et al. [15] reported that the negative effect asthma had on TTP
increased with age, especially at ⩾35 years, which is supported by the findings of TATA et al. [10]. Age has
also been linked to a higher need for fertility treatment among asthmatic females. In a case–control study
by HANSEN et al. [9] of women with live births, the need for fertility treatment increased among women
with asthma ⩾35 years compared with the controls (OR 2.12, 95% CI 1.47–3.07). These findings are
supported by observations by SHEINER et al. [16] from a retrospective population-based study. Furthermore,
GADE et al. [15] showed that in women with unexplained infertility those having asthma were less likely to
conceive than non-asthmatic women, especially when older than 35 years.

Miscarriages, age and asthma control during pregnancy
In the general population, about one in four desired pregnancies end in spontaneous abortion [19]. A
pregnancy loss is defined as a spontaneous abortion prior to 22 weeks of gestation [20]. The earliest study
examining pregnancy outcomes in asthma reported that women with asthma experience an increased
number of pregnancy losses [21]. Since then, several studies have reported that women with asthma have a
higher incidence of pregnancy losses compared with women without asthma [22–27]. However, the
available data are conflicting as other studies have observed no association between asthma and pregnancy
loss [28–30]. Studies found an increased risk of one spontaneous abortion in women with asthma
compared with women without asthma (OR 1.41, 95% CI 1.33–1.49) [27]. The same study reported that
uncontrolled asthma increased the risk of a spontaneous abortions by 26% compared with well-controlled
asthma [27]. Furthermore, a meta-analysis including both retrospective and prospective studies found an
increased risk of pregnancy loss among those with asthma [26]. In line with this, a nationwide Finnish
registry-based cohort study found an association between pregnancy loss and maternal asthma [25]. The
inconsistent findings concerning the association between asthma and pregnancy loss may be caused by
study heterogeneity, as there are differences with regards to sample size, design, registry-based and clinical
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studies, and retrospective and prospective studies. There is also variation in the included cofounders, the
most frequent being age, parity and tobacco consumption.

It is well documented that higher age at pregnancy, especially maternal age, is associated with an increased
risk of adverse events in pregnant women without asthma [31, 32]. In keeping with this, increasing age
among women with asthma is associated with a higher risk [33], as higher maternal age seems to be linked
to a higher risk of uncontrolled asthma during pregnancy, which in turn has been linked to poor perinatal
outcomes [33]. Thus, the age of the woman has an important impact on her ability to conceive, but also on
the pregnancy itself, with a higher risk of uncontrolled asthma and asthma exacerbation.

Pregnancy complications and perinatal outcomes among asthmatic women
Well-controlled asthma decreases the risk of maternal and fetal complications (table 1), while poorly
controlled and undertreated asthma is associated with a range of risks for both mother and fetus [34].

Approximately a quarter of pregnant women with asthma have an emergency visit or hospitalisation during
their pregnancy, with a higher risk during the second and third trimesters [35]. The higher risk of asthma
exacerbations is related to the pre-pregnancy severity of asthma, inappropriate/non-compliance with asthma
medication use, smoking, obesity, gestational weight gain [36], and inadequate prenatal care (table 2).

There are both short- and long-term risks to the mother and fetus caused by poorly controlled maternal
asthma.

In addition, women with asthma have increased risks related to the unborn infant, including perinatal
asphyxia, small for gestational age (SGA), preterm birth and fetal mortality in unobserved pregnancies.
Furthermore, the risk of fetal growth restriction and preterm birth is significantly increased if maternal
asthma is combined with cigarette smoking or second-hand smoke exposure [37, 38]. In women with
asthma a higher risk of obstetric complications, such as gestational diabetes (RR 1.39, 95% CI 1.17–1.66),
pre-eclampsia (OR 1.14, 95% CI 1.06–1.22) and caesarean section rate (RR 1.31, 95% CI 1.22–1.39), is
found [34, 39, 40].

Asthma and allergy management during pregnancy and birth
The increased risks to the mother and the fetus can be reduced by optimised management of asthma and
allergic rhinitis during pregnancy. The challenge is that women with asthma often discontinue their
treatment due to anxiety about the risk of adverse events due to drug exposure for the developing fetus [41].

TABLE 1 Adverse outcomes related to asthma during fertility and pregnancy

Mother Perinatal Fetus

Subfertility Preterm birth Low birthweight
Spontaneous abortion Increased perinatal mortality Small for gestational age
Exacerbations Increased risk of asthma
Pre-eclampsia Neonatal hospitalisation
Gestational diabetes
Placental abruption
Post-partum haemorrhage
Caesarean section (planned and acute)

TABLE 2 Benefits of good asthma control during pregnancy

Better oxygenation of the fetus (or less risk of perinatal asphyxia)
Reduced risk of pregnancy complications for both mother and child
Reduced risk of gestational diabetes
Reduced risk of intrauterine growth retardation and small for gestational age
Reduced risk of preterm labour and preterm delivery

Reduced risk of asthma exacerbation
Reduced need of oral corticosteroids
Decreased risk of pre-eclampsia, placental abruption and placenta praevia
Reduced risk of caesarean section delivery
Reduced risk of prolonged post-partum hospital stay
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Preconception health counselling by all healthcare providers is therefore of importance to increase
adherence with asthma therapy and to assess and manage comorbidities, such as rhinitis, tobacco exposure
and obesity, as suboptimal management contributes to subfertility, increased symptom burden,
exacerbations, and poor quality of life during pregnancy [17, 42, 43]. Tobacco exposure is an important
risk factor for increased asthma symptoms and exacerbations during pregnancy. Pregnant women with
asthma should be advised to avoid tobacco smoke and if possible, to reduce exposures to pollutants,
irritants and perfumes [44].

Pregnant women with moderate-to-severe asthma should have an obstetric review in the first trimester to
increase adherence to anti-asthma medication by clarifying medical concerns, asthma education, and if
needed, referral to an asthma specialist. If a woman with asthma experiences inadequate asthma control or
acute worsening of asthma during pregnancy, she should be referred for further evaluation. If acceptable
asthma control is not obtained or requires high-dose anti-asthma treatment and/or treatment with systemic
corticosteroids, the patient should be offered growth scans in both the second and third trimester with the
aim of reducing the risk of fetal complications such as intrauterine growth restriction and fetal mortality
[45, 46].

Pharmacological management of asthma before and during pregnancy
Pharmacological treatment, primarily inhaled medication, is the cornerstone of asthma management in
pregnancy. All available guidelines are consistent in stating that treatment should be similar for pregnant
and non-pregnant patients. The safety of the drugs for the pregnant women and the unborn fetus, including
the importance and effectiveness of the drug selected, should be addressed whenever possible. When
changing treatment or adding new pharmacological treatment molecules with well-established safety
profiles should be seen as the first choice.

Asthma treatment and fertility
Reported observations show that monotherapy with short-acting β2-agonist (SABA) is associated with
impaired fertility, whereas asthma therapy with ICS with or without add-on long-acting β2-agonist (LABA)
is not [17]. This suggests that controller medications may play a role not only in improving asthma control,
but also may lead to a reduction in the associated systemic inflammation that may be the driver of impaired
fertility. This is supported by a smaller observational study showing that women treated for severe asthma
with add-on biologic therapy, presumably targeting both the local and systemic inflammation, experienced
an improvement in fertility [47]. However, there is not full consensus as a recent study from 2020, by
CROWE et al. [48], found only a limited association between a history of asthma or use of asthma
medication and fecundability. Their findings, however, indicated a reduction in fecundability in women
with adult-onset asthma [48].

Despite conflicting data, it seems very likely that best possible asthma control may, at least to some extent,
reverse the negative effect of asthma on fertility [17]. However, further research is needed concerning the
association between asthma control and fertility.

Asthma management during pregnancy
Monotherapy with SABA is not recommended for asthma in adults (Global Initiative for Asthma) [41].
Recent trials in mild asthma have shown that as needed use of a fixed combination of LABA with fast
onset of action and low-dose ICS, e.g. formoterol and budesonide, can be recommended as step one
asthma therapy [49]. If required to achieve asthma control, it can be used as both maintenance and reliever
therapy (MART), which has been shown to be effective in asthma management resulting in lower overall
use of ICS and fewer exacerbations [49, 50]. SABA can be used as reliever therapy, but always together
with maintenance ICS in fixed combination with LABA if required.

Fetal malformation due to exposure to inhaled SABA is unlikely. Systemic administration is only used for
tocolysis, including to suppress premature labour, but has well recognised cardiovascular and metabolic
adverse effects. Systemic SABA during delivery might have a tocolytic effect. LABA should never be
prescribed as reliever therapy or as maintenance therapy without ICS, so if needed to achieve asthma
control if should be used in fixed combination with ICS. There are limited human data on LABA and their
possible effects on the fetus, but the available data are reassuring.

Low and medium doses of ICS have not been associated with increased risk of malformations, preterm
delivery, low birthweight or SGA. However, higher doses might be associated with adverse events, but it
will be difficult to disentangle this from adverse events caused by the severity of the underlying disease
and/or higher frequency of exacerbations. By contrast, conflicting data exist concerning systemic steroid
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use in pregnant women, where some have shown increased risk of cleft lip, cleft palate, preterm delivery,
low birthweight and pre-eclampsia, if treated during the first trimester, but this should be held against the
high risks associated with exacerbations potentially causing fetal hypoxaemia.

Salmeterol, which has the longest safety record, can be used in fixed combination with ICS (ICS/LABA)
as maintenance therapy together with SABA as needed. Other LABAs in fixed combination with ICS can
be considered, not least in case of adherence issues. The new monoclonal antibody treatments for severe
asthma are likely to be safe as well as these drugs do not pass the placenta, or at least not in a sufficient
quantity to cause fetal harm, and if indicated prior to pregnancy, should be continued during pregnancy
[51, 52].

Lastly, the use of montelukast might have a limited effect on asthma control, and there is a lack of data
concerning the effect on the fetus, but continued use may be considered for women achieving
pre-pregnancy asthma control on add-on montelukast. Although differences between the congenital adverse
effect of antihistamines exist, in general H1-antihistamines have not been linked to increased risk of
anomalies. Loratadine or cetirizine should be preferred as they have the longest safety records, but a recent
study based on nationwide data from Denmark has shown that fexofenadine treatment during pregnancy
and breastfeeding is not associated with increased risks for the fetus/baby [51, 53].

Asthma monitoring
Awareness of symptom control, adequate medication and close management during pregnancy is
recommended in order to reduce the risk of complications during pregnancy. Best possible asthma control
may be achieved using repeated measurements of fractional exhaled nitric oxide (FENO), based on a study
performed in pregnant women randomly allocated to either usual care (i.e. symptom control), level of lung
function, or the use of FENO [54]. Using FENO-guided asthma management resulted in lower daily doses of
ICS and fewer exacerbations. A follow-up study of the same cohort showed that children born to asthmatic
mothers managed with FENO during pregnancy had less asthma-like symptoms, doctor-diagnosed asthma
and use of SABA than the group monitored with symptoms only during pregnancy [55]. FENO as a
monitoring tool has also been demonstrated to lead to faster asthma control with decrease in AHR in
non-pregnant asthma patients, than use of symptom-based tools alone [56]. Furthermore, another study of
pregnant women with asthma showed that using FENO in the management of asthma also ensured a lower
level of exacerbations together with a lower level of controller treatment [54]. Exacerbations, and poor
asthma control, have been shown to be the main driver of complications during pregnancy and delivery in
several studies [57, 58]. However, findings from both case–control [59] and randomised controlled [60]
studies suggest that close monitoring during pregnancy, and by that improved asthma control, is associated
with a risk for adverse outcomes very close to that in non-asthmatic women. No previous history of asthma
exacerbations and stable asthma early in pregnancy are associated with a low risk of asthma exacerbation
during pregnancy [61, 62], whereas being prescribed moderate- to high-dose ICS is associated with a
higher risk [61].

Adherence with controller therapy and exacerbations
Adherence with controller therapy is the major challenge in asthma management, not least during
pregnancy [63], as studies have shown that the rate of filled prescriptions for asthma controller medication
fall by up to 30% during early pregnancy [64, 65]. Asthma is associated with a slight increase in the risk
for fetal [28] and maternal complications both during pregnancy and delivery, but this association is
primarily driven by the impact of poor asthma control [58, 59, 66]. Previous studies of women with
asthma have shown that an adherence with controller medication >80% prevents 24% of asthma
exacerbations and 60% of asthma-related hospitalisations [67]. The reasons for the decline in adherence to
controller medication during pregnancy are likely to be highly complex, but probably include concerns
about the safety of the medication, the general assumption that medication should be avoided as much as
possible during pregnancy and lack of information about the importance of best possible asthma control
during pregnancy to reduce the risk of adverse outcomes. Therefore, healthcare providers, including
midwives and general practitioners, need to be able to answer questions related to the safety of asthma
medication throughout pregnancy, delivery and breastfeeding in order to address the concerns the pregnant
women may have and by that, hopefully, facilitate better adherence and reduce the risk of adverse
outcomes.

The overall aim of best possible adherence with asthma medication during pregnancy should, therefore, be
to achieve and maintain the best possible asthma control. Individualised surveillance of asthma during
pregnancy may be guided by information on history of exacerbations and current level of treatment and
disease control.
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Delivery, labour and offspring
Induction of labour is rarely indicated due to asthma only. This could be due to a higher planned caesarean
section rate among moderate to severe asthmatic patients compared with mild asthma patients (RR 1.19,
95% CI 1.09–1.31) [34]. Another reason that induction of labour among asthmatic women is rare could be
that serious obstetric complications during labour are increasingly prevented due to a well-functioning and
close collaboration between obstetricians and respiratory physicians regarding pregnant asthmatic women.
This is supported by FRIEDMAN et al. [68] who showed that severe respiratory complications from 2000 to
2018 decreased from 72 per 10 000 deliveries with asthma to 14 per 10 000 deliveries with asthma
(average annual percentage change −9.4%, 95% CI −13.3% to −5.3%).

However, women with asthma who attempt to deliver vaginally have a higher risk of emergency caesarean
section deliveries (OR 1.29), which could be due to increased maternal respiratory symptoms during
labour, but more likely reflects perinatal complication due to maternal asthma decreasing the unborn
baby’s recourses during birth, i.e. SGA, preterm delivery and pre-eclampsia.

Children borne by women with asthma who had exacerbation during pregnancy have an elevated risk of
asthma (OR 1.23, 95% CI 1.13–1.33) and pneumonia (OR 1.12, 95% CI 1.03–1.22) during the first
5 years of life [58].

Conclusion
Asthma seems to affect all parts of a woman’s reproductive life from menarche to menopause, although it
especially seems to challenge fertility and pregnancy. Asthma is associated with subfertility with an
increasing tendency in women above the age of 35 years, compared with both young women with asthma
and non-asthmatic women. The influence of asthma medication on fertility is controversial; however, the
tendency in the recent studies seems to be that treatment for asthma and adherence to asthma medication is
as important for fertility as it is for a successful pregnancy in asthmatic women.

The association between pregnancy loss and maternal asthma is not fully established and needs further
investigation.

During pregnancy, asthma can have an impact on both the mother’s health and her unborn child’s health.
Well-controlled asthma throughout is associated with little to no risk of asthma-related pregnancy
complications.

Treatment of asthma during pregnancy follows the same guidelines as for non-pregnant asthmatic women.
As for non-pregnant patients with asthma, a stepwise approach to treatment according to symptom control
and asthma severity is recommended. Fixed combination low-dose ICS plus formoterol can be used as
both maintenance and, if necessary, reliever therapy. Maintenance therapy with ICS plus SABA as reliever
is an option, and if necessary, with add-on LABA (in fixed combination). For patients with mild
symptoms of allergic rhinitis, the drug of first choice is an oral first- or second-generation H1-antihistamine
[53]. Intra-nasal corticosteroids, the most effective type of drugs for allergic rhinitis, are used for those
with moderate-to-severe rhinitis.

Studies have shown that avoiding asthma triggers and tobacco exposure during pregnancy, and good
adherence with asthma controller medication are key factors for a safe pregnancy for women with asthma.
To ensure this, preconception health counselling by a general practitioner/healthcare provider of all women
with asthma and close monitoring during pregnancy of women with moderate to severe asthma are crucial.

Key points
• Asthma is common among patients with impaired fertility.
• Patients with asthma have a longer time to pregnancy and may have an increased risk of pregnancy loss,

but no differences in number of offspring compared with non-asthmatic women.
• Management of asthma in pregnant asthmatic women is similar to non-pregnant asthmatic women, and

good asthma control throughout pregnancy is the key to avoiding complications during pregnancy and
delivery.
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