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ABSTRACT 
INTRODUCTION Numerous factors may influence the asthma course during pregnancy, 
potentially elevating the risk of specific pregnancy complications. This study aimed 
to evaluate non-allergic factors influencing asthma and to assess perinatal outcomes 
between asthmatic and non-asthmatic pregnancies in the population of the Pomeranian 
Voivodeship region of Poland.
METHODS The mixed cohort study was performed with 83 pregnant asthmatic patients 
aged 18–38 years. The control group consisted of 83 patients without asthma diagnosis 
or symptoms. A specially designed questionnaire was used to evaluate asthma course and 
perinatal outcomes. An Asthma Control Test (ACT) adapted for pregnancy was performed 
on enrollment. Asthma severity was assessed according to GINA guidelines.
RESULTS In 19 cases (22.80%), patients quit their regular treatment after pregnancy was 
confirmed. Respiratory tract infection occurred in 23 patients (27.71%) and had been 
statistically significantly more frequent among patients with partially and uncontrolled 
asthma (χ²=8.504, p<0.05). No statistically significant difference was found between 
infection episodes and perinatal complications. The incidence of cesarean section was 
significantly higher among patients with asthma (χ²=16.37, p<0.01), particularly in 
patients with severe asthma (χ²=7.07, p<0.05) and uncontrolled asthma (χ²=6.7, p<0.05). 
Apgar score was statistically significantly lower in patients with severe asthma (χ²=20.37, 
p<0.05).
CONCLUSIONS Respiratory tract infections and adequate asthma treatment are the most 
important modifiable factors in preventing perinatal complications associated with asthma.
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INTRODUCTION
Asthma is one of the most common chronic diseases complicating pregnancy, affecting up 
to 12% of patients1. It has been linked with a range of pregnancy-related complications. 
Maternal complications include gestational diabetes2,3, perinatal hemorrhage2,4, placental 
defects2, pre-eclampsia3,5, and cesarean section6,7. Fetal complications encompass 
congenital defects (cleft palate, gastroschisis)8,9, preterm birth1,10, low birth weight10, 
longer hospitalization time of a newborn, and even newborn death9,11. 

Numerous factors may contribute to the pregnancy complications observed in 
asthmatic patients, with exacerbations and severe or uncontrolled asthma identified as 
particularly significant12. Factors influencing exacerbations and contributing to worse 
asthma control may be divided into modifiable and non-modifiable. Among modifiable 
factors, the discontinuation of treatment is of utmost significance. Although principles 
of treatment of asthma in pregnancy are adequate to those concerning non-pregnant 
patients and asthma treatment is considered safe during pregnancy1,13, many studies show 
a tendency to reduce treatment in pregnant women, not only by patients themselves14,15, 
but also by medical personnel5. It is alarming, as proper treatment is considered to 
prevent most pregnancy complications linked with asthma13,16. Another modifiable factor 
is smoking. Complications of smoking in pregnancy are generally well recognized. In 
asthmatic patients, smoking is linked with an increased risk of asthma exacerbations, 
preterm birth, and urinary tract infections17. Despite that, the prevalence of smoking among 
pregnant patients with asthma is relatively high (up to 34%)1. Respiratory tract infection 
may be classified within modifiable factors. Due to immunological changes influenced 
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by pregnancy and present in asthma, viral infections last 
longer and present more intense symptoms in this group 
of patients17. Preventive procedures, including vaccinations, 
e.g. for influenza and COVID-19, are recommended to lower 
the risk of infection. Non-modifiable risk factors include 
multiple pregnancies, age over 35 years, black race, and 
concurrent disorders like obesity, depression, and anxiety18. 
It is suggested that patients with the presence of non-
modifiable factors may need more thorough monitoring12. 

Maternal asthma may influence prenatal outcomes and 
subsequent stages of life. An association has been observed 
between uncontrolled asthma and the development of early 
childhood asthma in offspring19. 

The effective management of pregnant patients with 
asthma is teamwork. Specialist care focuses mainly on 
proper treatment adjustment of severe or uncontrolled 
asthma. Midwives, as frontline healthcare providers, are 
playing a pivotal role in preventing adverse perinatal 
outcomes. In the context of asthma, this could involve 
identifying patients predisposed to asthma exacerbations, 
discerning their risk factors, or utilizing questionnaires 
assessing asthma control to pinpoint individuals susceptible 
to adverse perinatal outcomes associated with the disease. 
They could also promote medication adherence and 
advocate for expert consultation when there are concerns 
about suboptimal asthma treatment or the necessity for 
referral to other specialists.

The issue of asthma’s influence on pregnancy outcomes 
has been extensively explored in global literature. However, 
it is not sufficiently covered in studies based on the Polish 
population. Only studies concerning asthma in pregnancy 
were conducted in the last 20 years and covered only FENO 
(fractional concentration of exhaled nitric oxide) use in 
asthma management20,21. 

The study aimed to evaluate non-allergic, potentially 
avoidable factors that may influence pregnancy course in 
asthmatic patients and to compare perinatal outcomes 
between asthmatic and non-asthmatic pregnant women in 
the population of Pomeranian Voivodeship region in Poland.

METHODS
Study design
This cohort design study, which used both retrospective and 
prospective data collection, was performed on 83 asthmatic 
patients. 

Setting and participants
The study was performed in 2015–2020; patients were 
recruited in the Department of Allergology of MUG and 
the Allergology Outpatient Departments of Pomeranian 
Voivodeship. All women signed written informed consent 
for participation. Patients in a prospective arm were 
enrolled throughout pregnancy, predominantly in the 
second trimester. Patients in the retrospective group were 
enrolled up to 5 years after childbirth, predominantly in 
the six-week postpartum period, providing that there was 
complete medical documentation available. Questionnaires 
were introduced by trained personnel, informed about the 

aim of the study, questionnaire structure, and inclusion 
and exclusion criteria. A telephone interview with authors 
followed the completion of the questionnaire, and (in the 
case of the prospective group) a second telephone interview 
was performed 1–2 months after childbirth. Patients who 
did not respond to the first telephone interview during 
pregnancy were reassigned to the retrospective group. Data 
were supplemented according to available documentation, 
further standardized, and recorded in the database.

The inclusion criteria encompassed the following: age 
range 18–40 years, a diagnosis of asthma in accordance 
with GINA guidelines, and singleton pregnancy. Exclusion 
criteria were defined as the failure to meet the established 
inclusion criteria. Approval was provided by the Medical 
University of Gdansk’s Ethics Committee NKBN/415/2015. 

Measurements
In the study on enrollment and after delivery, we used 
a questionnaire developed by authors for the purpose of 
the study, with questions concerning perinatal outcomes, 
including mode of delivery, gestation age at partum, birth 
weight, Apgar score, presence of pregnancy and peripartum 
complications. A large section was dedicated to asthma 
courses during pregnancy, including asthma control, 
treatment, occurrence of exacerbations, and possible causes 
of insufficient asthma control. The study ended at the 
beginning of the SARS-CoV-2 pandemic hence information 
concerning COVID-19 was not included in the study. 

The asthma diagnosis was confirmed in medical 
documentation according to the GINA guidelines valid 
upon enrollment. Apart from a questionnaire, an asthma 
control test (ACT) was performed during enrollment. ACT 
is a validated tool for assessing asthma control. It consists 
of five questions concerning asthma symptoms, the need 
for rescue treatment, and a maximum score of 25 points. 
A score of 25 points suggests good asthma control, below 
20 poor asthma control, and 20–24 partially controlled 
asthma. The test was adjusted for pregnancy according to 
findings from previous studies (Cronbach’s alpha for internal 
consistency was similar across time points, 0.84–0.90)22. 
According to GINA guidelines that were valid on enrollment, 
asthma severity was assessed according to the step of 
current (past three months) medication13. Exacerbations of 
asthma were defined as a transient loss of asthma control 
with a need for additional asthma treatment and were 
divided into mild, moderate, and severe. Mild exacerbations 
were defined as a need for reliever use, moderate as an 
increase of the treatment step, and severe as a need for 
hospitalization following symptoms aggravation. Asthma 
worsening was defined as the presence of perceived 
worsening asthma symptoms during pregnancy, as reported 
by the patient. The Apgar score was used to evaluate the 
neonatal status of neonates born on a term by summing 
numerical scores (0–2) for activity (muscle tone), pulse 
(heart rate), grimace (reflex irritability), appearance (skin 
color), and respiration23.

Statistical analysis
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The study focused on the evaluation of asthma courses 
in pregnancy, specifically to identify non-allergic factors 
that influence its progression. A secondary objective was 
the influence of asthma on the presence of perinatal 
complications. Variables included asthma severity 
according to treatment steps, asthma control according 
to pACT, presence of exacerbations, presence of asthma 
worsening during pregnancy, treatment cessation, smoking 
and environmental tobacco smoke exposure, respiratory 
tract infections, age over 35 years, and obesity. Variables 
concerning the presence of perinatal complications included 
the occurrence of preterm birth, SGA (small for gestational 
age), miscarriage, gestational diabetes, gestational 
hypertension, labor induction, assisted labor, cesarean 
section, and Apgar punctation. 

The statistical assessment of confounding factors was 
not conducted due to the limited number of cases available 
in the study; however, there was no statistically significant 
difference between the mentioned cofactors and perinatal 
complications. Statistical analysis was performed using 
IBM SPSS 26 program version 26. Qualitive variables are 
presented as absolute and relative frequencies (%), while 
quantitative variables are described using χ² test. For 
continuous variables t-test was applied after verifying 
normal distribution. To analyze difference between the 
means of more than two groups (retrospective, prospective, 
and control) we used one way ANOVA, assuming normal 
population distribution, equal variances and independent 
data. 

RESULTS 
A total of 83 patients were included in the study, of which 52 
patients met the inclusion criteria for the prospective group. 
However, 12 of the patients did not respond to telephone 
interviews until the end of pregnancy and, therefore, were 
moved to the retrospective group. On the other hand, 25 
patients were included in the retrospective group according 
to settings.

The basic characteristics concerning demographic, 
obstetric data, and asthma course are shown in the Tables 
1 and 2. Patients were mostly young, under 35 years 
(mean=31, SD=5.7, range: 18–38) and predominantly with 

tertiary education (n=68; 81.9%). They were predominantly 
multiparas (n=52; 62.0%), with a wide range of gestational 
weeks at birth (mean=38.57, SD=1.8, range: 34–41) with 
mild asthma (n=38; 42.2%), and good (n=47; 56.6%) or 
partially controlled (n=26; 31.3%) asthma.

Infections occurred in 23 patients (27.7%), 11 in the 
perspective (30.6%), and 12 in the retrospective group 
(25.5%). Infection had been statistically significantly more 
frequent among patients with partially and uncontrolled 
asthma (χ²=8.504, p<0.05). No statistically significant 
difference was found between infection episode and 
perinatal complications.

In 19 cases (22.8%), patients quit their regular treatment 
after pregnancy was confirmed. We found a statistically 
significant association between treatment cessation and 
lower levels of education. The treatment was ceased by 
7 patients with tertiary education and 12 patients with 
secondary and primary education (χ²=16.38, p<0.01), data 
not shown. No statistically significant difference was found 
between treatment withdrawal nor exacerbation occurrence, 
reported by 10 patients (χ²=1.106, p=0.29). 

In 22 cases (26.5%), a worsening of asthma control 
during pregnancy was reported in the questionnaire and 
48 patients (57.8%) experienced at least one exacerbation 
episode. Overall number of exacerbations was 51 (3 
patients experienced exacerbations twice during pregnancy). 
Most of the exacerbations were mild (40 cases, 78.40% of 
reported exacerbations), with 20 reported in the prospective 
(74.1%) and 20 in the retrospective (83.3%) group. 
Moderate and severe exacerbations occurred in 10 cases, 
6 in the prospective (22.20%) and 4 in the retrospective 
group (16.70%). Severe exacerbation was reported in the 
prospective group. Among patients with exacerbation 
episodes, we did not observe a statistically significant 
increase in perinatal complication prevalence. 

None of the pregnant asthmatic patients declared 
smoking during pregnancy; however, 9 women in the control 
group (10.84%) declared active smoking. The prevalence 
of smoking was found to be statistically significantly lower 
among individuals in the asthmatic group compared to those 
in the non-asthmatic group (χ²=9.52, p<0.01). Secondhand 
smoke exposure was reported in the questionnaire by 

 Table 1. Maternal baseline sociodemographic characteristics and history related to pregnancy and birth of 
the studied group

 Characteristics Total cases
(N=83)

Prospective cases 
(N=36)

Retrospective 
cases (N=47)

Controls (N=83) 

Age (years), mean (SD), 
range

31 (5.73) 
18–38

32 (4.52)
18–38

31 (4.80)
19–37

29 (6.58)
18–40

Tertiary education, n (%) 68 (81.90) 27 (75.00) 41 (87.20) 45 (54.20)

Primiparas (%) 38.00 30.50 42.50 45.00

Delivery by cesarean section (%) 54.20 69.44 52.55 24.10

Newborn birth weight (g) 3238.13 3225.56 3680 3317.31

Gestational age at birth (weeks), mean (SD), 
range

38.57 (1.81)
34–41

38.64 (1.91)
35–41

38.48 (1.95)
34–41

38.49 (1.77)
35–41
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8 women (9.63%) in the cases and by 25 in the controls 
(30.12%). Five asthmatic patients exposed to SHS (62.5%) 
declared exacerbation of asthma; however, no statistically 
significant difference was observed between non-smoking 
and smoke-exposed patients in terms of asthma control 
or the presence of exacerbations. Among patients with 

environmental smoke exposure no perinatal complications 
were observed in the group of asthmatic patients. Mean 
Apgar score was 10 (SD=0). In exposed patients in the 
control group, 2 had induced vaginal deliveries (8.0%), 2 
assisted vaginal deliveries (8.0%), 2 miscarriages (8.0%), 
and one patient (4.0%) suffered from gestational diabetes. 

Table 2. Asthma characteristics of the studied group

 Characteristics Prospective cases 
(N=36)

Retrospective cases 
(N=47)

Total cases 
(N=83)

n %  n % n %
Asthma severity

Mild 16 44.45 22 46.80 38 45.80

Moderate 16 44.45 19 40.40 35 42.20

Severe 4 11.10 6 12.80 10 12.00

Change of asthma control during 
pregnancy 

Alleviation 3 8.30 20 42.50 23 27.70

Aggravation 15 41.70 7 15.00 22 26.50

No change 18 50.00 20 42.50 38 45.80

Change of asthma treatment 
during pregnancy

Withdrawal 10 27.00 9 19.14 19 22.80

Intensification 6 16.60 4 8.50 10 12.00

Adequacy of asthma 

Inadequately treated 8 22.20 3 6.30 11 13.20

Table 3. Pregnancy complications observed in the studied and control group

Complication Prospective 
cases (N=36)

Retrospective 
cases (N=47)

Total cases 
(N=83) 

Total controls 
(N=83)

χ2

p
(retrospective
vs prospective)

χ2

p
(cases vs
controls)

n % n % n % n %

Preterm birth 2 5.55 2 4.25 4 4.81 4 4.81 0
1

0
1

Small for 
gestational age

2 5.55 2 4.25 4 4.81 3 3.61 0
1

0.15
0.69

Miscarriage 1 2.77 1 2.12 2 2.40 3 3.61 0
1

0.2
0.64

Gestational 
diabetes

4 11.11 0 0 4 4.81 4 4.81 5.48
<0.05

0
1

Gestational 
hypertension

1 2.77 1 2.12 2 2.40 3 3.61 0
1

0.2
0.64

Labor induction 1 2.77 1 2.12 2 2.40 1 1.20 0
1

0.3
0.56

Assisted vaginal 
delivery

1 2.77 0 0 1 1.20 2 2.40 1.32
0.26

0.3
0.56

Cesarean section 25 69.44 20 52.55 45 54.20 20 24.10 5.94
<0.05

16.37
<0.01

Apgar mean 
score

9.53 9.93 9.74 9.29 t=2.36*
<0.05

t=1.56
0.59

*Significant for retrospective group.
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The mean Apgar score was 9.72 (SD=0.81). No statistically 
significant difference was found between SHS and perinatal 
complications in the studied group. Among smoking 
controls statistically more frequent occurrence of preterm 
birth was observed (χ²=6.67, p=0.01); however, there was a 
significant disproportion in compared groups.

Certain complications of pregnancy were observed (Table 
3). The most prevalent outcomes in our study were cesarean 
section (45 cases, 54.20%), preterm birth (4 cases, 4.81%), 
gestational diabetes (4 cases, 4.81%) and small for 
gestational age (4 cases, 4.81%). Cesarean section was 
found to be statistically significantly more frequent among 
patients with asthma (χ²=16.38, p<0.01). 

The relative ratio for cesarean section was 2.25. 
Cesarean section was performed more frequently among 
patients with severe (χ²=7.07, p<0.01) and uncontrolled 
(χ²=6.97, p<0.05) asthma. The Apgar score was statistically 
significantly worse in patients with moderate and severe 
asthma (χ²=20.37, p<0.05). The prevalence of other 
perinatal complications was equal in both groups without 
statistical significance (Table 4).

No statistically significant differences were found in age, 
Apgar and perinatal outcomes and complications between 
the groups, with the exclusion of cesarean section and 
gestational diabetes (Table 4). 

DISCUSSION
The primary objective of our study was the evaluation of 
non-allergic factors that may influence the asthma course 
during pregnancy. The most significant non-allergic factor 
influencing the course of asthma during pregnancy was 
occurrence of patient-reported episodes of respiratory 
infection, reported by almost 30% of patients. The 
prevalence of infections in previously published studies 
varies. In a prospective study by Murphy et al.24, the overall 
incidence of questionnaire-reported infections was over 
71%, with about one-third of reported infections confirmed 
by PCR (polymerase chain reactions) swabs for respiratory 
viral infections. One-third of patients with PCR-confirmed 
infections reported exacerbation incidence. In our study 
almost half of patients reporting infections, linked it with 

exacerbation occurrence (data no shown). In another 
prospective study by Minerbi-Codish et al.25, the incidence 
of upper respiratory tract and urinary tract infections (defined 
according to symptomatic criteria) was 36% and was 
notably higher among pregnant patients with asthma. The 
differences in outcomes across studies may be attributed 
to several factors, such as vaccination status, behavioral 
disparities impacting infection susceptibility, or the timing 
of pregnancy overlapping with periods of higher infection 
prevalence. In our study, the overall incidence of infections 
was relatively low. However, almost half was considered 
as an exacerbation trigger, suggesting the significance of 
prioritizing preventive measures, such as vaccinations and 
the targeted application of face masks, to enhance perinatal 
outcomes. 

Another identified factor was cessation of treatment 
without consultation with medical personnel, observed in 
over 20% of cases, and convergent with available studies. 
Treatment withdrawal has been indicated by numerous 
studies utilizing medication prescription databases15,26. 
Dutch researchers have indicated that approximately 30% 
of patients did not fulfill prescriptions for recommended 
anti-asthmatic treatments following pregnancy diagnosis, 
suggesting that only to some extent this effect may 
be attributed to the relief of asthma symptoms during 
pregnancy. French authors highlight that over 25% of 
patients did not receive prescriptions for their pre-
pregnancy anti-asthmatic treatments, and half of the 
women were receiving them irregularly. The percentage of 
patients who discontinued therapy in our study aligns with 
existing data. The discontinuation of treatment was not 
associated with previously identified adverse effects, such 
as the exacerbation of asthma5 or perinatal complications27. 
This phenomenon could be explained by the prompt 
reintroduction of treatment after consultation with an 
allergist. These findings underscore the necessity education 
concerning asthma treatment safety of pregnant women 
with asthma and for healthcare providers.

A secondary objective was to investigate the influence 
of asthma on the occurrence of perinatal complications. 
The overall prevalence of perinatal complications among 

Table 4. Presence of other chronic diseases and perinatal complications in the studied group

 Complications Absence chronic diseases 
(N=38)

Presence of chronic disease
 (N=45)

χ2 p

n % n %
Preterm birth 2 5.30 2 4.40 0.03 0.87

Low birth weight 0 0 4 8.80 3.54 0.06

Gestational diabetes 3 7.90 1 2.20 1.46 0.23

Miscarriage 0 0 2 4.40 1.67 0.19

Gestational hypertension 0 0 2 4.40 1.73 0.19

Inducted delivery 1 2.6 1 2.20 0.02 0.91

Assisted vaginal delivery 0 0 1 2.20 0.86 0.35

Cesarean section 23 60.5 22 48.8 0.13 0.72
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asthmatic patients in our study was low, comparable to 
that observed in the control group and recent studies. The 
possible explanation could be predominantly good asthma 
control, low prevalence of severe exacerbations, and 
higher level of education among patients in studied group. 
However, we observed significantly lower Apgar score among 
group with moderate and severe asthma, what could be a 
result of insufficient asthma control. Lower Apgar score was 
also observed in previous studies11,28. Other complications 
included preterm birth, small for gestational age (SGA), 
and gestational diabetes, each occurring in nearly 5% of 
cases in our studies, which is comparable to available 
studies. Bakhireva et al.10 reported about 6% preterm birth 
in subgroup of well controlled asthma. Ali et al.3 reported 
about 6% of preterm birth and 2.6% of gestational diabetes. 
Yland et al.29 reported 4% of SGA. We also observed high 
prevalence of cesarean sections among asthmatic patients 
(>50%), whereas other studies have reported a prevalence 
of around 20%5. Although cesarean sections were found to 
be significantly more prevalent among patients with asthma, 
these findings need cautious interpretation. The study did 
not adjust for confounding factors for cesarean section. 
Furthermore, the data should be considered together with 
the higher rate of cesarean sections observed in Poland 
(about 50% in 2023)30.

Most of the previous studies have shown elevated rates 
of smoking among pregnant women with asthma1. None 
of the patients in our study reported smoking, which is 
consistent with findings by Ali et al.3 where only 4.2% of 
asthmatic patients declared smoking. However, these data 
rely on patient self-report, and the actual prevalence could 
be higher. SHS exposure was reported by almost 10% of 
patients. A relatively high prevalence of smoking (>10%), 
and SHS exposure (>30%) was noted in the control group. 
Smoking prevalence is comparable to available European 
data for pregnant women (3–18%)31. These data suggest 
the important role of smoking and ETS prevention in proper 
pregnant patient evaluation, not only with concomitant 
asthma.

Our study suggests that certain factors may play an 
important role in prevention of perinatal complications, 
with a strong emphasis on adequate asthma treatment 
and treatment adherence as a cornerstone. Also, patients’ 
education concerning asthma treatment, smoking and 
ETS exposure and infection protective procedures in peri-
conceptional period may play a crucial role by improving 
patients’ awareness. 

Strengths and limitations
The strengths of the study include prospective recruitment 
of a portion of the samples. This methodology improves 
the reliability of collected data by reducing recall bias and 
implementing real-time data collection practices. The 
study provides preliminary data on subjects not previously 
explored in the Polish population, concerning asthma in 
pregnancy, and prevalence of smoking during pregnancy. 
However, our study exhibits several limitations that warrant 
consideration. Retrospective recruitment of a portion of the 

sample recruitment poses a potential limitation due to the 
risk of selection bias or incomplete data, especially if the 
documentation is not comprehensive. However, this study 
mitigated this risk by enrolling participants retrospectively 
only if complete medical records were available. Moreover, 
due to the limited number of occurrences in specific 
variables, adjusting for confounding factors was not feasible 
in our study. 

CONCLUSIONS
Adequate asthma treatment, respiratory tract infections, 
and smoke avoidance are the most important modifiable 
factors that may prevent perinatal complications; however, 
even mild and well controlled asthma increase the risk of 
cesarean section. 

REFERENCES
1.	 Murphy VE, Gibson PG. Asthma in pregnancy.  Clin 

Chest Med. 2011;32(1):93-110. doi:10.1016/j.
ccm.2010.10.001

2.	 Wang G, Murphy VE, Namazy J, et al. The risk of maternal 
and placental complications in pregnant women with 
asthma: a systematic review and meta-analysis. J Matern 
Fetal Neonatal Med. 2014;27(9):934-942. doi:10.3109/
14767058.2013.847080

3.	 Ali Z, Nilas L, Ulrik CS. Low risk of adverse obstetrical and 
perinatal outcome in pregnancies complicated by asthma: 
A case control study. Respir Med. 2016;120:124-130. 
doi:10.1016/j.rmed.2016.10.004

4.	 Tata LJ, Lewis SA, McKeever TM, et al. A comprehensive 
analysis of adverse obstetric and pediatric complications 
in women with asthma. Am J Respir Crit Care Med. 
2007;175(10):991-997. doi:10.1164/rccm.200611-
1641OC

5.	 Murphy VE, Clifton VL, Gibson PG. Asthma exacerbations 
during pregnancy: incidence and association with adverse 
pregnancy outcomes. Thorax. 2006;61(2):169-176. 
doi:10.1136/thx.2005.049718

6.	 Rastogi D, Wang C, Lendor C, Rothman PB, Miller RL. 
T-helper type 2 polarization among asthmatics during and 
following pregnancy. Clin Exp Allergy. 2006;36(7):892-
898. doi:10.1111/j.1365-2222.2006.02519.x

7.	 Sheiner E, Mazor M, Levy A, Wiznitzer A, Bashiri A. Pregnancy 
outcome of asthmatic patients: a population-based 
study. J Matern Fetal Neonatal Med. 2005;18(4):237-
240. doi:10.1080/14767050500260616

8.	 Garne E, Hansen AV, Morris J, et al. Use of asthma 
medication during pregnancy and risk of specific 
congenital anomalies: A European case-malformed 
control study. J Allergy Clin Immunol. 2015;136(6):1496-
1502.e7. doi:10.1016/j.jaci.2015.05.043

9.	 Murphy VE, Wang G, Namazy JA, et al. The risk of 
congenital malformations, perinatal mortality and 
neonatal hospitalisation among pregnant women 
with asthma: a systematic review and meta-analysis. 
BJOG. 2013;120(7):812-822. doi:10.1111/1471-
0528.12224

10.	Bakhireva LN, Schatz M, Jones KL, Chambers CD; 



Research paper European Journal of Midwifery

7Eur J Midwifery 2024;8(August):47
https://doi.org/10.18332/ejm/191295

Organization of Teratology Information Specialists 
Collaborative Research Group. Asthma control during 
pregnancy and the risk of preterm delivery or impaired fetal 
growth. Ann Allergy Asthma Immunol. 2008;101(2):137-
143. doi:10.1016/S1081-1206(10)60201-3

11.	 Kemppainen M, Lahesmaa-Korpinen AM, Kauppi P, et 
al. Maternal asthma is associated with increased risk of 
perinatal mortality. PLoS One. 2018;13(5):e0197593. 
doi:10.1371/journal.pone.0197593

12.	 Robijn AL, Bokern MP, Jensen ME, Barker D, Baines 
KJ, Murphy VE. Risk factors for asthma exacerbations 
during pregnancy: a systematic review and meta-
analysis.  Eur Respir Rev. 2022;31(164):220039. 
doi:10.1183/16000617.0039-2022

13.	Global Initiative for Asthma. Global Strategy for Asthma 
Management and prevention. Global Initiative for 
Asthma; 2023. Updated July 2023. Accessed October 
18, 2023. https://ginasthma.org/wp-content/
uploads/2023/07/GINA-2023-Full-report-23_07_06-
WMS.pdf

14.	 Enriquez R, Wu P, Griffin MR, et al. Cessation of 
asthma medication in early pregnancy. Am J Obstet 
Gynecol. 2006;195(1):149-153. doi:10.1016/j.
ajog.2006.01.065

15.	 Zetstra-van der Woude PA, Vroegop JS, Bos HJ, de Jong-
van den Berg LT. A population analysis of prescriptions 
for asthma medications during pregnancy. J Allergy 
Clin Immunol. 2013;131(3):711-717. doi:10.1016/j.
jaci.2012.08.027

16.	 Murphy VE, Namazy JA, Powell H, et al. A meta-
analysis of adverse perinatal outcomes in women with 
asthma. BJOG. 2011;118(11):1314-1323. doi:10.1111/
j.1471-0528.2011.03055.x

17.	 Hodyl NA, Stark MJ, Scheil W, Grzeskowiak LE, Clifton VL. 
Perinatal outcomes following maternal asthma and cigarette 
smoking during pregnancy. Eur Respir J. 2014;43(3):704-
716. doi:10.1183/09031936.00054913

18.	Grzeskowiak LE, Smith B, Roy A, et al. Impact of a history 
of maternal depression and anxiety on asthma control 
during pregnancy. J Asthma. 2017;54(7):706-713. doi:1
0.1080/02770903.2016.1258080

19.	 Liu X, Agerbo E, Schlünssen V, Wright RJ, Li J, Munk-
Olsen T. Maternal asthma severity and control during 
pregnancy and risk of offspring asthma. J Allergy Clin 
Immunol. 2018;141(3):886-892.e3. doi:10.1016/j.
jaci.2017.05.016

20.	Dor-Wojnarowska A, Nittner-Marszalska M, Liebhart 
J, et al. The long-term variability of FeNO in pregnant 
asthmatic women with controlled asthma. Pneumonol 
Alergol Pol. 2013;81(2):114-120. doi:10.5603/
ARM.27512

21.	Nittner-Marszalska M, Liebhart J, Pawłowicz R, et 
al. Fractioned exhaled nitric oxide (FE(NO)) is not 
a sufficiently reliable test for monitoring asthma in 
pregnancy. Nitric Oxide. 2013;33:56-63. doi:10.1016/j.
niox.2013.06.001

22.	 Palmsten K, Schatz M, Chan PH, Johnson DL, Chambers 
CD. Validation of the Pregnancy Asthma Control Test. J 

Allergy Clin Immunol Pract. 2016;4(2):310-5.e1. 
doi:10.1016/j.jaip.2015.11.019

23.	AMERICAN ACADEMY OF PEDIATRICS COMMITTEE 
ON FETUS AND NEWBORN; AMERICAN COLLEGE OF 
OBSTETRICIANS AND GYNECOLOGISTS COMMITTEE 
ON OBSTETRIC PRACTICE. The Apgar Score. Pediatrics. 
2015;136(4):819-822. doi:10.1542/peds.2015-2651

24.	Murphy VE, Powell H, Wark PAB, Gibson PG. A prospective 
study of respiratory viral infection in pregnant women 
with and without asthma. Chest. 2013;144(2):420-427. 
doi:10.1378/chest.12-1956

25.	Minerbi-Codish I, Fraser D, Avnun L, Glezerman M, 
Heimer D. Influence of asthma in pregnancy on labor 
and the newborn. Respiration. 1998;65(2):130-135. 
doi:10.1159/000029244

26.	Beau AB, Didier A, Hurault-Delarue C, Montastruc JL, 
Lacroix I, Damase-Michel C. Prescription of asthma 
medications before and during pregnancy in France: An 
observational drug study using the EFEMERIS database. J 
Asthma. 2017;54(3):258-264. doi:10.1080/02770903
.2016.1214731

27.	 Xu Z, Doust JA, Wilson LF, Dobson AJ, Dharmage 
SC, Mishra GD. Asthma severity and impact on 
perinatal outcomes: an updated systematic review 
and meta-analysis.  BJOG. 2022;129(3):367-377. 
doi:10.1111/1471-0528.16968

28.	Gordon M, Niswander KR, Berendes H, Kantor AG. Fetal 
morbidity following potentially anoxigenic obstetric 
conditions. VII. Bronchial asthma.  Am J Obstet 
Gynecol. 1970;106(3):421-429. doi:10.1016/0002-
9378(70)90371-6

29.	 Yland JJ, Bateman BT, Huybrechts KF, et al. Perinatal 
Outcomes Associated with Maternal Asthma and 
Its Severity and Control During Pregnancy. J Allergy 
Clin Immunol Pract. 2020;8(6):1928-1937.e3. 
doi:10.1016/j.jaip.2020.01.016

30.	 Porody i opieka okołoporodowa 2010-2023. Zdrowie. 
Accessed April 30, 2024. ezdrowie.gov.pl/portal/home/
badania-i-dane/zdrowe-dane/monitorowanie/porody-
opieka-okoloporodowa

31.	 Euro-Peristat Project. European Perinatal Health Project: 
Core indicatiors of the health and care of pregnant 
womenand babies in Europe in 2015. Euro-Peristat 
Project; 2018. Accessed July 20, 2021. https://www.
europeristat.com/images/EPHR2015_Euro-Peristat.pdf



Research paper European Journal of Midwifery

8Eur J Midwifery 2024;8(August):47
https://doi.org/10.18332/ejm/191295

CONFLICTS OF INTEREST
The authors have each completed and submitted an ICMJE form 
for Disclosure of Potential Conflicts of Interest. The authors 
declare that they have no competing interests, financial or 
otherwise, related to the current work. I. Damps-Konstańska 
reports receiving Norway Grant and Polish Ministry of Health 
- TeleCareCOPD to her and her institution. She also reports 
receiving consulting fees from AstraZeneca, receiving payments 
for lectures from AstraZeneca, GSK, Sanofi and Chiesi for 
manuscript writing and educational materials for asthmatic 
patients from Medycyna Praktyczna.She also received support 
for attending to COPD Summit AZ (Munich 2021 and Lisboa 
2023). Furthermore, she reports having a leadership role of the 
Committee for discharge card for patients after exacerbation of 
COPD. M. Chełmińska reports receiving payment for lectures from 
AstraZeneca and GSK. 

FUNDING
There was no source of funding for this research.  

ETHICAL APPROVAL AND INFORMED CONSENT
Ethical approval was obtained from the Ethics Committee 
of the Medical University of Gdansk (Approval number:  
NKBN/415/2015; Date: 30 September 2015). Participants 
provided informed consent. 

DATA AVAILABILITY
The data supporting this research are available from the authors 
on reasonable request.

PROVENANCE AND PEER REVIEW
Not commissioned; externally peer reviewed.  


