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Introduction  
Asthma is a serious global health issue affecting around 300 million 
individuals worldwide (1). The prevalence of asthma has increased 
in the recent decades and is still increasing in many developing 
countries (1). In Denmark, the prevalence varies from 12% in chil-
dren (2) to 6-8% in adults (3-5). In adults, the prevalence of asthma 
is higher among females than in males (6, 7), and asthma is the 
most common chronic disease in pregnant women (8).  
Asthma is characterized by periodic worsening of symptoms, and 
may also in patients with milder disease lead to acute exacerba-
tions. Exacerbations during pregnancy have been associated with 
an unfavorable pregnancy outcome, and by that making asthma a 
potential serious medical condition during pregnancy (9). Pregnant 

women with asthma are less likely to be prescribed oral cortico-
steroids (OCS) for acute exacerbations (10-12), and the treatment 
delay is longer (10), compared to non-pregnant women with 
asthma. This is in contrast to the knowledge, that prompt treat-
ment of an exacerbation is important, as the potential reduction in 
the fetal oxygen supply during a severe exacerbation represents a 
larger risk for the fetus than the administration of relevant anti-
asthma drugs (13).  
Based on our current knowledge, optimal treatment of asthma 
during pregnancy and prevention of exacerbations is of outmost 
importance for the health of both the mother and the child. It is 
recommended to monitor pregnant women with asthma every 
four to six weeks, although there is little evidence  that  this regi-
men improves pregnancy outcome or is beneficial for all pregnant 
women with asthma (1, 13).  
The overall aim of the present thesis was to gain more knowledge 
about the interaction between asthma and pregnancy.  
The specific research questions were  
- to identify pregnancies with a low-risk of exacerbations during 
pregnancy  
- to identify risk factors for exacerbations during pregnancy  
- to compare the adverse pregnancy and perinatal outcomes in 
women with asthma monitored closely as recommended during 
pregnancy with women without asthma. 
 
Background  
1. Asthma  
Asthma is a heterogeneous disease characterized by chronic air-
way inflammation and airway hyperresponsiveness leading to re-
current episodes of respiratory symptoms, including wheezing, 
breathlessness, tightness of the chest, and coughing (14). The se-
verity of symptoms varies highly over time both between individu-
als and within the individual patient. The diagnosis of asthma is 
based on a history of typical respiratory symptoms together with 
an objective test demonstrating  variable airflow obstruction, e.g. 
bronchodilator reversibility, diurnal peak flow variability and bron-
chial hyperresponsiveness (1).  
1.1 Asthma exacerbation  
According to the latest Global Initiative for Asthma (GINA) guide-
lines, an exacerbation is defined as a worsening in symptoms re-
quiring a change in medication (1). Depending on the severity, an 
exacerbation can vary from breathlessness to respiratory failure 
requiring mechanical ventilation. Prevention of an exacerbation is 
important, as it constitutes a great risk to the patients. Even though 
an exacerbation is considered the most important outcome leading 
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to accelerated loss of lung function (15), and thus a worse progno-
sis (15), exacerbations have only been used as a primary outcome 
variable in clinical trials for the past two decades (16).                                        
The classification of the severity of an asthma exacerbation has 
varied between studies, and there is no generally accepted defini-
tion of an exacerbation (17). In 2003, a Task Force established by 
European Respiratory Society (ERS) and American Thoracic Society 
(ATS) provided consensus recommendations on standardized defi-
nitions for assessing asthma exacerbations in clinical practice and 
clinical trials. Severe exacerbations were defined as events requir-
ing urgent action to prevent a serious outcome, such as hospitali-
zation or death from asthma, and moderate exacerbations as less 
severe events requiring immediate change in treatment. However, 
no definitions were provided for mild exacerbations, because the 
worsening of symptoms or flow rates may only be slightly outside 
the normal range of variation for the individual patient and may 
reflect transient loss of asthma control rather than the early stages 
of severe exacerbation (18).  
The GINA guidelines defines an asthma exacerbation as an acute 
or subacute episode of progressive worsening of asthma symp-
toms and by a decrease from baseline in objective measures of pul-
monary function, such as peak expiratory flow rate and FEV1 (1). 
As the lung function is not always measured at the time of an ex-
acerbation, the majority of clinical and epidemiological studies de-
fine a severe exacerbation according to ERS/ATS guidelines (18).  
2. Asthma and pregnancy  
Asthma is the most common reason for being prescribed pharma-
cological maintenance therapy in pregnancy (19), and the most 
prevalent chronic disorder among Danish pregnant women (8).  
2.1 Incidence and timing of asthma exacerbations during preg-
nancy  
The general dogma is that one-third of women with asthma will 
experience a worsening, one-third an improvement, and one-third 
no changes in their asthma during pregnancy. These figures are de-
rived from a prospective study in 300 women assessed by daily 
questionnaires and monthly spirometry (20). The study showed 
that asthma worsened in 35% of the pregnant women, improved 
in 28%, and was unchanged in 33% (status undetermined in the 
remaining 4%). Exacerbations can occur at any time during preg-
nancy, but tend to cluster around late second trimester (21-23). 
Exacerbations during third trimester and, especially, worsening of 
symptoms during labor are rare (20, 24).  
2.2 Risk factors for asthma exacerbations during pregnancy  
The exacerbation rate increases with increasing asthma severity, 
and severe asthma is likely to be the most important risk factor for 
exacerbations during pregnancy (22, 23, 25). Schatz et al. (25) 
found that asthma exacerbations during pregnancy occurred in 
13% of women classified with mild, 26% of women with moderate, 
and 52% of women with severe asthma. In line with this Murphy et 
al. (22) showed, that severe asthma exacerbations during preg-
nancy occurred in 8% of women with mild asthma, 47% of women 
with moderate asthma, and 65% of women with severe asthma.  
Non-adherence with inhaled corticosteroids (ICS) is a major con-
tributor to exacerbations also during pregnancy (21, 22, 26), and 
women, who do not regularly take ICS, have increased risk of visits 
to the emergency department (26). A descriptive web-based sur-
vey revealed that at least one-third of women were non-adherent 
with ICS during pregnancy, and 44% were concerned about how 
asthma medication would affect their baby (27). Fear of potential 

of teratogenic risks influence decisions about drug therapy in preg-
nancy, and is very likely to have negative impact on adherence with 
prescribed medication (28). Nonetheless, enrolment in an asthma 
management program during pregnancy improves adherence with 
controller medication (29). 
Women inadequately treated with ICS during pregnancy have a 
higher risk of an asthma exacerbation during pregnancy, and ade-
quate treatment with ICS reduces the risk of an exacerbation by 
more than 75% (30). In addition, a previous study has shown that 
approximately 25% of the general practitioners would stop treat-
ment with controller medication in pregnant women with well-
controlled asthma (31).  
Other possible risk factors for exacerbation of asthma during preg-
nancy include maternal obesity (32) and smoking (33). Asthma ex-
acerbations during pregnancy are more common and more severe 
in current and former smokers than in never smokers (33). Passive 
tobacco exposure in never-smokers is associated with impaired 
lung function, need for higher dose of ICS and a higher likelihood 
of uncontrolled asthma during pregnancy compared to never-
smokers without tobacco exposure (34). There is some data indi-
cating that overweight and obesity is associated with worsening of 
asthma in non-pregnant adults (35), and obesity has been associ-
ated with an increased risk of asthma exacerbations during preg-
nancy (32). Maternal obesity is also associated with increased risk 
of adverse pregnancy outcomes; including fetal anomalies, miscar-
riages, pre-eclampsia, gestational diabetes, cesarean delivery, and 
intrauterine fetal death (36, 37).  
2.3 Effect of maternal asthma on pregnancy and perinatal out-
comes  
Previously published studies addressing pregnancy and perinatal 
outcomes in relation to asthma have reported conflicting results 
probably caused by substantial variations in study design, sample 
sizes, and adjustment for confounders. The first meta-analysis of 
available studies was published in 2011 and confirmed an in-
creased risk of pre-eclampsia, preterm birth, low birth weight and 
small for gestational age infants among women with asthma com-
pared to women without asthma (38). A later meta-analysis con-
cluded that maternal asthma is associated with increased risk of 
caesarean section, gestational diabetes, hemorrhage, placenta 
praevia, and premature rupture of the membranes (39). Compared 
to women with good asthma control and no admissions for asthma 
during pregnancy, the incidence of preterm delivery was higher 
among women with poor asthma control and/or hospital admis-
sion for asthma during pregnancy (40). Furthermore, moderate 
and severe asthma, based on database indexes on the medication, 
has been associated with a higher risk of small for gestational age 
infants compared to mild asthma in an observational study (41). In 
line with this, women experiencing an asthma exacerbation during 
pregnancy have three times higher risk of having a low birth weight 
baby than women without exacerbations (42).  
On the other hand, prospective cohort studies have found no sig-
nificant relationship between asthma exacerbations during preg-
nancy and adverse pregnancy outcome such as preterm delivery, 
pre-eclampsia, and low birth weight in women with actively man-
aged asthma (30, 38, 43, 44).  
2.4 Treatment and monitoring of asthma during pregnancy  
Management guidelines for pregnant women with asthma are gen-
erally the same as for non-pregnant women. Although there is a 
general concern about use of any medication during pregnancy, 
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the advantages of active treatment of asthma in pregnancy mark-
edly overweigh the potential risks associated with the use of con-
troller or reliever medication (45). The recommendations of a step-
wise increase in medication intensity, and use of low-dose inhaled 
corticosteroids are the same during pregnancy than for other 
adults with asthma (13). Low-dose inhaled budesonide, i.e. a daily 
dose of 400 μg (metered dose) may be first choice based on the 
amount of available evidence (46). If step-up therapy is needed 
during pregnancy,  it is recommended to increase to middle-ICS in-
stead of, as in non-pregnant adults, to add-on long-acting beta-2 
agonist (LABA) to low-dose ICS (46). Guidelines for management of 
asthma during pregnancy,  are not based on evidence from con-
trolled clinical trials. Regular monitoring of asthma every four to six 
weeks is recommended during pregnancy including assessment of 
asthma control (1, 13). Nonetheless, a substantial proportion of 
pregnant women with asthma have no exacerbations during preg-
nancy, and may not benefit from the recommended close monitor-
ing during pregnancy. In order to individualize the intensity of 
asthma monitoring it is important to identify pregnancies with low 
risk of asthma exacerbation. However, our current knowledge of 
factors associated with low risk of an exacerbation during preg-
nancy is very limited (47). 
 
Aim  
The overall aim of the present thesis was to gain more knowledge 
of the interaction between asthma and pregnancy.  
Consequently, four studies were performed with the following 
aims:  
Study I  
To identify determinants of pregnancies with low risk of asthma 
exacerbation during pregnancy  
Study II  
To investigate the impact of maternal pregnancy-related factors, 
including gestational weight gain, on the risk of exacerbation of 
asthma during pregnancy  
Study III  
To investigate potential differences in physiological and inflamma-
tory characteristics between women with and without asthma ex-
acerbations during pregnancy  
Study IV  
To compare adverse pregnancy and perinatal outcomes in women 
without asthma and women with asthma monitored closely. 
 
Design, material and methods  
The Management of Asthma during Pregnancy (MAP) program  
The Management of Asthma during Pregnancy (MAP) program was 
established as a specialized service in 2007 and as a collaboration 
between the Department of Pulmonary Medicine and the Depart-
ment of Gynecology/Obstetrics, Hvidovre Hospital. Hvidovre Hos-
pital has the largest birth center in Denmark (around 7.000 deliv-
eries annually, corresponding to 10% of infants born in Denmark). 
All pregnant women referred for delivery at Hvidovre Hospital are 
invited to participate in the MAP program, and those responding 
by mail (astmaoggraviditet@regionh.dk) are given an appointment 
at the outpatient clinic, Department of Pulmonary Medicine, by let-
ter. A visit is planned every four weeks during pregnancy and the 
scheduled MAP-program ends with a follow-up visit three months 
post-partum. Unscheduled visits are planned if necessary.  
Content of the visits  

At the first visit details about case history, including tobacco expo-
sure, allergies, familiar disposition to asthma and atopic diseases, 
present and previous asthma medication, exposure for pets and 
other triggers, occupational exposure, size of household, incl. sib-
lings are obtained. The importance of adherence is addressed and 
instruction and training in device technique is provided if needed.  
Spirometry, fractional exhaled nitric oxide (FENO), asthma-control 
and maternal body weight are assessed at the first visit and re-
peated at all subsequent visits. Body weight is measured without 
shoes and in light clothing at every visit.  
Based on present level of asthma control, incl. symptoms, FENO 
and spirometry, treatment is adjusted in accordance with the algo-
rithm later described by Powell et al. (48)  
Inclusion criteria in the Map cohort  
The MAP cohort is a prospective cohort study of women participat-
ing in the MAP program and fulfilling the inclusion criteria.  
Inclusion criteria for the MAP cohort are  
1) Diagnosis of asthma in accordance with the GINA-guidelines (1)  
2) Current treatment with at least rescue bronchodilator  
3) The first visit to the pulmonary outpatient clinic within the first 
18 weeks of pregnancy  
Women with asthma not fulfilling the inclusion criteria for the MAP 
cohort, i.e. the research program, are offered the same follow-up 
program as part of the clinical program.  
The post-partum examination (Study III)  
During an 11-month period, selected participants in the MAP study 
were invited, provided they fulfilled the criteria below, to an addi-
tional post-partum examination within the first nine months after 
delivery. The additional post-partum examination supplemented 
the preplanned visit three months post-partum with skin prick test 
with a panel of aeroallergens, body plethysmography, diffusing ca-
pacity, bronchial provocation test with mannitol, and induction of 
sputum.  
Inclusion criteria for study III were:  
1) Delivery between July 2015 and September 2016.  
2) Prescribed controller medication, i.e. ICS, in early pregnancy  
The control group (Study IV)  
The control group in the case-control study (study IV) comprises 
the three first consecutive women giving birth at Hvidovre Hospital 
after each of the individual MAP participant.  
Definitions  
The severity of asthma was categorized as mild or moderate/se-
vere based on the prescribed level of treatment according to the 
GINA guidelines (1). Mild asthma was defined as asthma that could 
be controlled by short-acting β2-agonist (SABA) as rescue medica-
tion with or without low dose inhaled corticosteroid (ICS) (accord-
ing to treatment step 1 or 2 in GINA). Moderate/severe asthma was 
defined as asthma treated with any dose of ICS in combination with 
long-acting β2-agonist and/or leukotriene receptor antagonist 
with or without another add-on controller treatment (according to 
treatment step 3, 4 or 5 in GINA).  
Asthma-control was assessed based on daytime asthma symp-
toms, night-time awakenings due to asthma, use of rescue medi-
cation, asthma-related activity limitation, spirometry, and the level 
of FENO. Well-controlled, partly controlled, and uncontrolled 
asthma was defined according to the GINA guidelines (1), and pa-
tients were classified as having clinically stable asthma provided 
they fulfilled the GINA criteria, and had a normal lung function 
(FEV1>80% predicted), and a FENO<25 ppb. 
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Severe asthma exacerbations were defined according to the 
ATS/ERS guidelines on asthma control and exacerbations (18)as ex-
acerbations requiring hospital admission, emergency department 
treatment, and/or a rescue course of oral corticosteroids. Mild 
asthma exacerbations were defined as exacerbations managed by 
an increase in therapy, but not requiring oral corticosteroids. 
Smoking status was classified as current smokers (minimum one 
cigarette per day), ex-smokers(stopped before or when the current 
pregnancy was confirmed), or life-long non-smokers. Life-time to-
bacco exposure was estimated as pack-years: (number of ciga-
rettes per day/20 x duration of smoking [years]). Exposure to envi-
ronmental tobacco smoke (ETS)was defined as living with someone 
smoking at home (as smoking in work places, restaurants etc. is 
prohibited in Denmark). 
Statistical analysis 
Data were analysed using SAS EnterpriseGuide7.1. Continuous var-
iables were analyzed using the two-tailed Student t-test. Binary 
variables were analyzed by the Chi-square test or Fisher-exact test, 
and results were given as odds ratios (OR) with 95% confidence in-
tervals (CI).Mann-Whitney test was used to analyse not normally 
distributed data. A multiple logistic regression with backward elim-
ination was carried out, using the ProcLogistic procedure in SAS. In 
study IV the response-dose ratio (RDR) was calculated as the per-
centage decline in FEV1afterthe last mannitol dose divided by the 
cumulative mannitol dose in milligrams. To meet normal distribu-
tion, log-transformed values of RDR were used, and an additional 
1% was added to the percent decrease inFEV1toeliminate zero val-
ues. The association between airway responsiveness to mannitol 
expressed by the response-dose ratio (RDR), and the airway inflam-
mation in sputum were analyzed using Pearson's correlation coef-
ficient test (r), with-1 indicating a perfect negative correlation, +1 
indicating a perfect positive correlation, and 0 indicating no corre-
lation at all. In all the statistical analyses, a two-tailed p-value of 
≤0.05 was considered significant. 
  
Results 
Study I  
Over the 9-year study period (from 2007 to 2015) 1,283 pregnan-
cies in 1,208 women aged 31±5 years were included in the MAP 
cohort. During the study period, 107 exacerbations were observed.  
In pregnancies with clinically stable asthma at the first visit only 5% 
(n=40) were complicated by an exacerbation, while the remaining 
95% (n=839) experienced no exacerbations (p<0.001). Among 
women with no history of pre-pregnancy exacerbations, 4% (n=37) 
had an exacerbation during pregnancy (OR 0.22, 95% CI 0.14-0.35). 
Multiple logistic regression analysis revealed that no history of pre-
pregnancy exacerbations, no prescription of controller medication, 
and clinically stable asthma at the first visit were independent de-
terminants of pregnancies with a low risk of an exacerbation.  
Study II  
In 1.283 included pregnancies, the mean pre-pregnancy BMI was 
24.2 (SD 4.5), first trimester GWG 5.1 kg (SD 3.4), and total GWG 
12.5 kg (SD 5.8).  The occurrence of an exacerbation of asthma dur-
ing pregnancy was significantly related to first trimester gesta-
tional weight gain (GWG), and the impact of GWG on exacerbation 
risk was dose-dependent. The risk of an asthma exacerbation dur-
ing pregnancy was low in women with a GWG less than 5 kg and 
increased with further weight gain.  

Correspondingly women with total GWG more than 13 kg had 
higher risk of asthma exacerbation (OR 2.89 95% CI (2.18-3.83), 
p<0.0001) than women with weight gain less than 13kg. 
Study III  
During the 11-month study period, 104 women fulfilled the inclu-
sion criteria, of whom 50 (48%) were examined postpartum within 
seven months after delivery. In 13 women, 16 exacerbations (8 
mild and 8 severe) were observed during pregnancy, and three 
(6%) had more than one exacerbation during pregnancy.  
There were no differences in the outcome of mannitol test (posi-
tive vs negative) in women with and without asthma exacerba-
tions, however women with an exacerbation were more respon-
sive to mannitol than women without an exacerbation (geometric 
mean PD15 82 vs 178 mg, p=0.04). Furthermore, there was a sig-
nificant positive correlation between airway responsiveness to 
mannitol expressed as the response-dose ratio (RDR) and the neu-
trophil count in sputum (r = 0.44, p = 0.01).  
Women without an asthma exacerbation during pregnancy were 
more likely to have a positive skin prick test compared to women 
with an exacerbation (86% vs 62%, OR 0.20, 95% CI 0.05-0.92, 
p=0.04).  
Study IV  
We included 938 pregnancies in women with asthma (i.e. cases) 
and 2,778 without asthma (i.e. controls). Compared to the con-
trols, women with asthma were less often immigrants, and more 
often non-smokers and primiparous. The mean fetal weight was 
lower in women with asthma than in controls: 3379g (SD 571) ver-
sus 3438g (SD 561) (p=0.006), and women with asthma had in-
creased risk of having a small for gestational aged (SGA) child 
(ORadj 1.31, 95% CI 1.12-1.55; p=0.001). Furthermore, maternal 
asthma was associated with higher risk of mild to moderate pre-
eclampsia (ORadj 1.54, 95% CI 1.05-2.25; p=0.027) and gestational 
diabetes (ORadj 1.78, 95% CI 1.01-3.13; p=0.047).  
Women with moderate/severe asthma had significantly increased 
risk of SGA infants (60% versus 53%, ORadj. 1.43, 95% CI 1.05-1.94; 
p=0.022). 
 
Discussion  
In short, we found that clinically stable asthma in early pregnancy, 
no history of pre-pregnancy exacerbations, and no prescribed con-
troller medication are associated with pregnancies at low risk of an 
asthma exacerbation during pregnancy. Moreover, excessive ges-
tational weight gain, airway responsiveness to mannitol, and non-
atopy are risk factors for asthma exacerbation during pregnancy. 
The overall risk of adverse obstetrical and perinatal outcomes in 
women with actively managed asthma during pregnancy is compa-
rable to that in the background population, although the risk of 
preeclampsia and SGA infants seems to be increased in asthmatic 
women.  
The consensus in the field of asthma and pregnancy is that one-
third of women will experience an improvement of their asthma, 
one-third have no change, and one-third have worsening of their 
asthma based on subjective assessment (20). However, these 
changes are not easily predicted, and Schatz et al. (20) have 
demonstrated that subjective improvement does not predict the 
course of asthma during pregnancy. Regular monitoring of asthma 
every four to six weeks during pregnancy is recommended for all 
pregnant women with asthma (1, 13), as the general paradigm is 
that the course of asthma during pregnancy is largely unpredicta-
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ble (13, 49, 50). The combination of objective and subjective pa-
rameters to predict the course of asthma has, as far as we know, 
not been investigated systematically. We found (study I), that a 
combination of subjective and objective variables along with the 
medical history can predict an exacerbation during pregnancy with 
98% sensitivity. These results are promising and would allow sub-
groups of women to be allocated to less intense follow-up, prefer-
ably by their general practitioner (GP). Besides making resource al-
location more reasonable, such an approach could reduce 
unnecessary medicalisation of young pregnant women with 
asthma.  
We found a low overall risk of adverse obstetrical and perinatal 
outcomes in the women followed in the MAP study (study IV). This 
is in line with a study by Schatz et al. (43) who found that the over-
all perinatal prognosis for women with actively managed asthma 
during pregnancy is comparable to that for the non-asthmatic pop-
ulation. Furthermore, we found that enrollment into MAP reduced 
the number of cases with uncontrolled asthma (study IV), which 
confirms a recent study suggesting that asthma control rather than 
exacerbations during pregnancy seem to be related to the risk of 
adverse perinatal outcomes (51). 
In study II, we found that both excessive GWG in first trimester and 
total GWG are risk factors for exacerbations of asthma during preg-
nancy. Obesity is associated with persistent low-grade systemic in-
flammation, and by that obesity is regarded as a pro-inflammatory 
state (52). Visceral adipose tissue is an important source of cyto-
kine production, whereby adiposity contributes to the pro-inflam-
matory milieu and is responsible for the formation of low-grade 
chronic inflammation (52). GWG has also been associated with el-
evated level of leptin (53, 54) and leptin stimulates the production 
of inflammatory mediators such as TNF-α and IL-6 from the adi-
pose tissue, which promotes the expression and release of leptin 
from the adipose tissue, and thereby establish a positive feedback 
mechanism (52). Excessive GWG during pregnancy can also induce 
an inflammatory process through insulin resistance (55), and circu-
lating cytokines (i.e., TNF-α concentration) are inversely related to 
insulin sensitivity (56). Asthma is characterized by chronic airway 
inflammation, and the level of TNF-α is higher in sputum (57), cells 
obtained by broncho-alveolar lavage (58) and in bronchial biopsies 
(59) of subjects with asthma compared to subjects without asthma. 
Direct administration of TNF-α to the airways of normal volunteers 
has also induced an increase in the level of bronchial responsive-
ness (60). The inflammation triggered by excessive GWG mediated 
by elevated level of TNF-α could possibly explain the increased risk 
of exacerbations. However, the effect of systemic inflammation on 
airway inflammation in asthma is debated and only incompletely 
understood.  
Not only does GWG increase the risk of an exacerbation during 
pregnancy in our study but may also increase the risk of maternal 
and neonatal complications in women without asthma (61, 62). 
These findings emphasize the importance of advising also pregnant 
women with asthma to focus on a healthy weight gain during preg-
nancy in order to reduce the risk of potential asthma-related preg-
nancy complications.  
We found no association between pre-pregnancy obesity and the 
risk of asthma exacerbation during pregnancy (study II), which is in 
accordance with another recent study (51). Even though data from 
non-pregnant adults indicates that overweight and obesity is asso-
ciated with worsening of asthma (35), only one study have found 

the association between obesity and asthma exacerbations during 
pregnancy (32).  
Airway hyperresponsiveness (AHR) is a characteristic feature of 
asthma, and is measured by direct or indirect bronchial provoca-
tion tests (BPTs) (63). A direct BPT, e.g. a methacholine challenge 
test, causes airway narrowing by acting “directly” on receptors on 
the bronchial smooth muscle (63). While indirect BPT, e.g. manni-
tol challenge test, causes airway narrowing “indirectly” by trigger-
ing release of a wide variety of mediators from inflammatory cells 
which  act on receptors and cause bronchial smooth muscle con-
traction (64). In study III we found, that women experiencing an 
asthma exacerbation during pregnancy were more responsive to 
mannitol compared to women without exacerbations during preg-
nancy. This is in line with studies showing that moderate or severe 
AHR to both direct and indirect BPTs are associated with more fre-
quent symptoms than mild or no AHR (65, 66). Furthermore, in-
creased reactivity to mannitol is a more reliable indicator of loss of 
disease control than either perceived symptoms or lung function 
(67). Women who did not experienced an exacerbation during 
pregnancy (study IV), were less responsive to mannitol. Koskela et 
al. (68) have demonstrated a reduction in responsiveness to man-
nitol following ICS treatment, whereas others have found false 
negative test in subjects treated with ICS (68, 69) . We also found, 
that AHR to mannitol was associated with sputum neutrophilia, 
which is in contrast to two other studies (70, 71). However, AHR 
can occur in the absence of eosinophilic infiltration of the airway 
mucosa (72, 73), and one study has shown that in the absence of 
eosinophilic airway inflammation AHR is accompanied by a mast 
cell infiltration of the airway smooth muscle (72). 
We have a unique population as all women in study III were treated 
with ICS, and the ICS treatment was adjusted if necessary every 
four weeks during pregnancy based on, among other factors, the 
level of FENO. FENO is a measure of eosinophilic airway inflamma-
tion (74) and FENO-guided management of asthma reduces 
asthma exacerbations in pregnant women (48). A reduction in eo-
sinophilic airway inflammation due to ICS treatment may have pre-
vented some exacerbations in our study. This indicates that 
women experiencing an asthma exacerbation, despite close moni-
toring, may be women with predominantly neutrophilic inflamma-
tion. 
 
Limitations  
Since 2007, all women referred for delivery at Hvidovre Hospital 
have received an invitation to be enrolled into the MAP program, 
but as participation is optional, a risk of selection bias is possible 
Based on the prevalence of asthma among younger women in Den-
mark, it is estimated that approximately 2/3 of pregnant women 
with asthma at Hvidovre Hospital are enrolled in the MAP program: 
Of the app 300 women referred annually with asthma during preg-
nancy about 200  fulfill the criteria for inclusion in the MAP cohort. 
The main reason for exclusion was   the visit to the outpatient clinic 
later than 18 weeks of pregnancy. Furthermore, women enrolled 
in the MAP cohort are comparable to the background population 
of pregnant women with regard to age and marital status (study 
IV).  
The frequency of nulliparous among women giving birth at 
Hvidovre Hospital is 52% (unpublished data) compared to 68% in 
our cohort. Gesche et al. (75) have also showed that a higher pro-
portion of nulliparous women accept an invitation to participate in 
a lifestyle interventional trial addressing GWG during pregnancy, 
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probably reflecting that nulliparous women have more resources 
to address health issues. Although not formally analyzed, this is-
supported by our experience of a higher frequency of nulliparous 
women enrolled into the MAP cohort and the first before 18 weeks 
of pregnancy.  
In our study, severe exacerbations were defined as exacerbation 
requiring hospital admission, emergency department treatment 
or/and a rescue course of OCS. The degree of lung function impair-
ment was not part of the exacerbation definition in our study, as 
the women were not examined in the outpatient clinic by routine 
at the time of an exacerbation; however, some were seen at un-
scheduled visit. This is in line with other studies (76, 77).  
Mild exacerbations were defined as exacerbations managed by an 
increase in primarily inhaled therapy, though the definition of mild 
exacerbation is debatable (18). However, only in study IV our re-
sults rely on the definition of mild exacerbation, as we were not 
able to investigate the severe exacerbations separately due to the 
modest number of subjects. 
A reduction in prevalence of uncontrolled asthma of 80% was ob-
served following enrollment in the MAP study. Furthermore, the 
majority of exacerbations in our study occurred in first trimester of 
pregnancy in contrast to other studies (78). The four-weekly con-
sultation with a specialist during pregnancy may have modified the 
risk of exacerbation as uncontrolled asthma is a well-known risk 
factor for an exacerbation (1). Women with a low risk of exacerba-
tion during pregnancy i.e. with no history of pre-pregnancy exacer-
bations, no prescription of controller medication, and clinically sta-
ble asthma at the first visit could have experienced an exacerbation 
if they were followed less intense. We may have reduced the risk 
of an exacerbation by monthly assessment and adjustment of med-
ication during pregnancy. And the lack of a control group of women 
allocated to standard care is also a limitation of the study.  
We chose to define the control group in the case-control study 
(Study IV) as the next three deliveries occurring the same day at 
the department after each of the pregnancies included in the MAP 
study. These women were identified in a local database by the date 
and time of delivery, and are very likely to be representative for 
the background population, but might include women with asthma 
not responding to the invitation to participate in the MAP program.  
Finally, the limitations of the MAP study are the same as other pro-
spective observational cohort studies. Most importantly, observa-
tional studies reveal relationship between two types of events that 
may simply be associated due to coincidence or other common fac-
tor. Nonetheless, observational studies are good to generate hy-
potheses and can give lots of valuable information, which is of out-
most importance for designing clinically relevant controlled trials. 
Even though, we have a large cohort and have demonstrated sta-
tistically significant differences, it should be remembered that 
there is a difference between statistical significant differences and 
clinically important differences. 
 
Conclusions  
The following conclusions can be drawn from the present thesis:  
- No history of pre-pregnancy exacerbations, no prescribed con-
troller medication, and clinically stable asthma at the first visit are 
determinants of pregnancies with a low risk of an asthma exacer-
bation during pregnancy  
- Excessive GWG in first trimester is associated with increased risk 
of asthma exacerbation during pregnancy. The impact of first tri-
mester GWG on the risk of an exacerbation during pregnancy is 

dose-dependent with a low risk in women with a GWG less than 5 
kg and an increasing risk with every additional kilogram weight gain 
hereafter.  
- A maternal total gestational weight gain of more than 13 kg is 
significantly associated with increased risk of an asthma exacerba-
tion during pregnancy  
- Women experiencing an asthma exacerbation during pregnancy 
have more pronounced airway hyperresponsiveness  
- Non-atopy appears to characterise women at higher risk of an ex-
acerbation of asthma during pregnancy  
- The overall risk of adverse obstetrical and perinatal outcomes in 
women with asthma followed in out-patient clinic, Department of 
Pulmonary Medicine, during pregnancy is low  
- Maternal asthma during pregnancy is associated with an in-
creased risk of SGA infants which increases with increasing asthma 
severity  
- Maternal asthma is a risk factor for mild to moderate pre-eclamp-
sia  
 
Future perspectives  
As asthma is the most frequent medical disease in pregnant 
women and both asthma and exacerbation seems to affect preg-
nancy outcome, it is important to identify women at increased risk 
of exacerbations to prevent complications.  
It remains to be proven that intense follow-up of asthma during 
pregnancy is beneficial to all pregnant women with asthma. Future 
studies should investigate the difference in exacerbation rate in 
women with intense follow-up compared to standard care in a ran-
domized controlled trial. A possible design could be that women 
with no previous history of acute exacerbations, no prescribed con-
troller medication, and clinically stable asthma could be allocated 
to routine follow-up by their GP or to a more intense follow-up 
program at the pulmonologist. This would allow a proper evalua-
tion of current guidelines on the intense follow-up program.  
The evidence is lacking whether an early evaluation of airway in-
flammation by induction of sputum can predict an exacerbation of 
asthma during pregnancy. To evaluate the airway inflammation by 
induction of sputum as early in pregnancy as possible would allow 
an investigation of potential differences in inflammatory charac-
teristics between women with and without an asthma exacerba-
tion during pregnancy more accurately. Even though we know that 
airway inflammation is stable over longer term, there is no study 
showing that the airway inflammation is stable during pregnancy.  
Lastly, it would be interesting to investigate if interventions aiming 
at keeping the GWG in accordance with the recommendation (with 
diet or exercise), may reduce the risk of asthma exacerbation dur-
ing pregnancy, and by that prevent potential complications associ-
ated with exacerbations of asthma during pregnancy. Such inter-
ventions should preferably be implemented in early pregnancy, or 
even better before pregnancy, as excessive GWG in first trimester 
is a risk factor for an exacerbation. 
 
Abbreviations  
AHR = Airway Hyperresponsiveness  
ATS = American Thoracic Society  
BMI = Body Mass Index  
BPT = Bronchial Provocation Test  
ERS = European Respiratory Society  
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FENO = Fractional Exhaled Nitric Oxide  
FEV1 = Forced Expiratory Volume in first second  
FVC = Forced Vital Capacity  
GINA = Global Initiative for Asthma  
GP = General Practitioner  
GWG = Gestational Weight Gain  
ICS = Inhaled Corticosteroids  
LABA = Long Acting β-Agonist  
LCL = Lower Confidence Limit  
LLN = Lower Limit of Normal  
MAP = Management of Asthma during Pregnancy  
NHLBI = National Heart Lung, and Blood Institute  
NPV = Negative Predictive Value  
OCS = Oral Corticosteroids  
OR = Odds Ratio  
ROC = Receiver Operating Characteristics  
RDR = Response-Dose Ratio  
SABA = Short Acting β-Agonist  
SD = Standard Deviation  
SGA = Small for Gestational Age  
UCL = Upper Confidence Limit 
 
Summary  
Background  
Asthma is a serious global health issue and the most prevalent 
chronic disorder among Danish pregnant women. Exacerbations of 
asthma during pregnancy have been associated with increased risk 
of adverse pregnancy and perinatal outcomes, and by that making 
asthma a potential serious medical condition during pregnancy. 
Monitoring of asthma every four to six weeks is recommended dur-
ing pregnancy, although evidence is lacking that following this rec-
ommendation will improve pregnancy outcome and, not least, be 
beneficial for all pregnant women with asthma  
Aim  
The overall aim of the present thesis was to gain more knowledge 
of the interaction between asthma and pregnancy. The specific re-
search questions were to identify pregnancies with low risk of an 
exacerbation during pregnancy, to identify risk factors for an exac-
erbation during pregnancy, and to compare the adverse pregnancy 
and perinatal outcomes in women without asthma and women 
with asthma monitored closely as recommended during preg-
nancy.  
Methods  
In study I and II, determinants of pregnancies with low risk of an 
exacerbation and maternal pregnancy-related risk factors for an 
exacerbations were investigated in a large prospective cohort 
study with 1.283 women with asthma. The Management of Asthma 
during Pregnancy (MAP) was initiated in 2007, and all pregnant 
women referred to Hvidovre Hospital have since then received an 
invitation to participate. Women were followed-up every four 
weeks with assessment of asthma control and adjustment of med-
ication if necessary.  
In study III, the potential differences in airway hyperresponsive-
ness and airway inflammation, in participants (n=50) from the MAP 
cohort, were investigated in a post-partum examination.  
In study IV, the effect of maternal asthma on obstetrical and peri-
natal outcomes was investigated in a large case-control study, with 
938 cases i.e. women with asthma from the MAP cohort, and 2.778 
controls i.e. women without asthma. 
 

Results  
No history of pre-pregnancy exacerbations, no prescribed control-
ler medication, and clinically stable asthma at the first visit was de-
terminants of pregnancies with a low risk of an asthma exacerba-
tion during pregnancy (study I). Excessive gestational weight gain 
(GWG) in first trimester was associated with increased risk of an 
asthma exacerbation during pregnancy; furthermore, the impact 
of GWG was dose-dependent (Study II).  
In study III, women experiencing an asthma exacerbation during 
pregnancy had more pronounced airway hyperresponsiveness and 
were more often non-atopic. Finally, in study IV, the overall risk of 
adverse obstetrical and perinatal outcomes in women with asthma 
monitored closely during pregnancy was low.  
Conclusion  
Women with no history of pre-pregnancy exacerbations, no pre-
scribed controller medication, and clinically stable asthma at the 
first visit have a very low risk of an exacerbation. Furthermore, ex-
cessive GWG, airway hyperresponsiveness and being non-atopic 
are risk factors for exacerbations of asthma during pregnancy. 
However, the overall risk of adverse obstetrical and perinatal out-
comes in women with actively managed asthma during pregnancy 
is comparable to women without asthma 
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