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Abstract
Bronchial asthma is the most common chronic disease in pregnancy associated with adverse  
pregnancy, obstetric, and perinatal outcomes. The aim of this study was to determine the influence 
of the steps of asthma treatment during pregnancy on adverse pregnancy, obstetric, and perinatal 
outcomes. The data of all women with singleton delivery in 2011–2017, including the diagnosis of  
asthma and its treatment for the same woman, were obtained from the National Registry of  
Reimbursed Health Services (NRRHS)  of the Czech Republic. Relation of asthma and the steps 
of treatment to pregnancy, labour, and perinatal outcomes taken from the National Register of 
Reproduction Health (NRRH) for the period 2011–2015 were analysed using logistic regression and 
described by odds ratios, 95% confidence interval, and statistical significance. Of the total number 
of 752,000 women with singleton delivery, asthma and/or its treatment were found in 6.27% of 
deliveries. Data from 460,324 births, in which the combination of data sources was available, showed 
the association between asthma and pre-eclampsia, caesarean section, and birth weight ≤2,500 g, 
only for the fifth step of treatment (p<0.001). Caesarean section was more frequent in all evaluated 
groups of treatment compared with women without asthma (p<0.001). Gestational age of <37 weeks 
was found in children of mothers with asthma diagnosis and no treatment and for women at the fifth 
step of treatment (p=0.003). The incidence of birth defects and Apgar scores of <7 in 5 minutes were 
without statistical significance in all evaluated women. The authors concluded that pregnant women 
with asthma are at risk from adverse pregnancy, obstetric, and perinatal outcomes, especially upon 
the fifth stage of treatment.

INTRODUCTION

Asthma is one of the most common chronic 
diseases in pregnancy, with a reported 

prevalence of 3.7–12.0%.1-7 Maternal asthma 
severity and control are often associated with 
pregnancy complications, adverse labour, and 
perinatal outcomes. A number of papers, meta-
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analyses, and population-based studies have 
been published on this topic.2,6 Hypertension, 
gestational diabetes mellitus, pre-eclampsia, 
vaginal bleeding, complicated delivery (increased 
birth rate by caesarean section), fetal growth 
restriction, low birth weight, premature birth (<37th 
week), neonatal hypoxia, and increased perinatal 
mortality have been observed more frequently in 
pregnant women with uncontrolled asthma.1,3,6,8,9 
Women with well controlled asthma have a much 
lower risk of these adverse complications.8

According to the Global Initiative for Asthma 
(GINA) guidelines, management of asthma 
in pregnancy is based on disease control and 
prevention of exacerbations that are achieved 
by pharmacological and non-pharmacological 
treatment. Pharmacological treatment uses 
three basic groups of drugs: relievers, controllers, 
and add-on therapy. In recent years, biological 
therapy has been recommended for patients 
with severe asthma.10 The GINA guidelines use 
a stepwise approach to asthma treatment and 
recommend the use of short-acting β2-agonists 
(SABA) as a relief treatment for all steps of 
asthma. Regular administration of low doses of 
inhaled corticosteroids (ICS) is recommended 
from the second step of treatment. In steps 3 and 
4, moderate or high doses of ICS and long-acting 
β2-agonists (LABA) are recommended. Steps 4 
and 5 require add-on treatment with leukotriene 
receptor antagonists (LTRA), theophylline, and/or 
tiotropium bromide. The fifth step recommends 
the use of biological therapy. Adding low doses 
of oral corticosteroids is another option.11 The 
disease severity is therefore determined by 
the steps of the treatment that are needed to  
control asthma and to prevent exacerbations.2,5,6,10

Additionally, pharmacological treatment of 
asthma in pregnancy is guided by categories of 
treatment safety, of which the U.S. Food and Drug 
Administration (FDA) pregnancy categories are 
the best known. The classification system uses 
five categories (A, B, C, D, and X) and is based on 
the degree of risk of teratogenic effects on the 
fetus.11,12 In the case of asthma treatment, no drug 
group falls into the FDA category A; therefore, 
drugs are chosen from the FDA category B when 
the benefit outweighs the risk. The FDA category 
B includes budesonide, terbutaline, montelukast,  
ipratropium bromide, and omalizumab. The 
remaining asthma medications are included in 

the FDA category C: salbutamol, salmeterol, 
formoterol, vilanterol, and other ICS apart from 
budesonide (beclometasone dipropionate, 
fluticasone propionate, fluticasone furoate, 
mometasone furoate), theophylline, and  
systemic corticosteroids.12

The aim of this study was to show how the  
severity of the treatment, which is given by 
the number of medications needed to control  
asthma, affects complications during pregnancy 
and labour as well as perinatal outcomes. 
Unlike previous studies, which have worked 
with the severity of asthma defined by clinical 
symptoms, lung function, and the need to 
use relief medication, this study includes the 
severity of asthma determined by the steps 
of treatment used. Another aim of the study 
was to find out which drug groups were most 
commonly prescribed during pregnancy, and 
whether their selection respected the safety  
pregnancy categories.

METHODS

The analysis used data from national health 
registries of the Czech Republic. These 
registries contain data on the level of individual 
patients, with each patient being identified by 
a pseudonymous code that makes it possible 
to combine all records on a particular patient 
but not to identify the patient. The National 
Registry of Reimbursed Health Services (NRRHS)  
contains data on all healthcare paid by the public 
health insurance (almost 100% of healthcare in  
the Czech Republic) and the data is available 
for the period 2010–2017. It was adopted for 
the primary identification of deliveries using 
procedure codes for vaginal delivery, caesarean 
section, and other types of delivery, as well as 
for the identification of asthma and its treatment 
during pregnancy from its onset; the ICD10 
code J45 was adopted for the identification 
of asthma and the Anatomical Therapeutic 
Chemical (ATC) classification code R03 (without 
CHOPN treatment codes) and codes H02AB04, 
H02AB07, and H02AB09 (in combination 
with the diagnosis) for the identification of its 
treatment. A combination of drugs according to 
asthma treatment guidelines was adopted for 
the identification of asthma treatment steps. The 
information on asthma in pregnant women from 
NRRHS was combined with detailed information 
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on singleton deliveries from the National Register 
of Reproduction Health (NRRH); the connections 
on patient level between NRRHS and NRRH 
are available for roughly 90–95% of deliveries 
each year (NRRHS and NRRH use different 
pseudonymous code and the links between them 
are missing in approximately 5–10% of patients). 
NRRH data are available until the year 2015 and 
the analysis was computed for the period 2011–
2015; the year 2010 is not included due to the 
non-availability of treatment data in 2009, when 
some pregnancies started.

Standard descriptive statistics were applied in  
the analysis; absolute and relative frequencies 
were used for categorical variables. The relation of 
asthma to perinatal outcomes was analysed using 
logistic regression and described by odds ratio 

(OR), 95% confidence interval (CI), and statistical 
significance. The analysis was carried out using 
the SPSS 25.0.0.1 (IBM Corporation, 2018). 

Using data from the national health registers 
of the Czech Republic, the authors evaluated 
752,000 deliveries of women with singleton 
births in the period 2011–2017 and divided these 
deliveries into groups based on the presence of 
asthma and its treatment (Table 1). Variables on 
maternal age, educational level, marital status 
and parity, smoking, and gestational diabetes 
mellitus were retrieved from the NRRH (Table 
2). Based on reported ACT codes, drug groups 
for asthma that had been prescribed to women 
during their pregnancy, and delivery in 2011–2017 
were identified: relievers, controllers, and add-on 
therapy (Table 1).

Table 1: Asthma diagnosis and/or its treatment reported during pregnancy.

20112 2012 2013 2014 2015 2016 2017 Total

n (deliveries) 106,090 105,878 103,928 106,669 107,667 110,376 111,392 752,000

Without asthma during pregnancy 93.8% 93.9% 93.8% 93.6% 93.5% 93.7% 93.8% 93.73%

Asthma diagnosis without treatment 2.3% 2.2% 2.1% 2.2% 2.1% 2.0% 2.0% 2.13%

Treatment without asthma diagnosis 1.3% 1.3% 1.4% 1.5% 1.6% 1.5% 1.5% 1.44%

Asthma diagnosis with treatment, step of 
treatment

2.6% 2.5% 2.6% 2.8% 2.8% 2.8% 2.7% 2.69%

1 0.4% 0.5% 0.5% 0.5% 0.6% 0.6% 0.6% 0.53%

2 0.8% 0.7% 0.7% 0.8% 0.7% 0.7% 0.6% 0.71%

3 0.9% 0.9% 0.9% 1.0% 1.0% 1.0% 1.0% 0.96%

4 0.3% 0.2% 0.3% 0.3% 0.3% 0.3% 0.3% 0.29%

5 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.20%

ATC code1

n (deliveries with asthma or its treatment)

Reliever medication

R03AC02: salbutamol 29.02% 29.53% 31.90% 33.58% 35.97% 37.09% 37.12% 33.46%

R03BB01: ipratropium bromide 3.20% 3.55% 4.23% 4.76% 5.09% 4.55% 5.28% 4.38%

R03AL01: fenoterol and ipratropium 
bromide

0.00% 0.00% 0.00% 2.28% 4.85% 4.61% 4.77% 2.36%

R03CC02: salbutamol 0.96% 1.15% 0.90% 0.97% 1.02% 0.66% 0.54% 0.89%

R03AC04: fenoterol 1.15% 1.23% 1.39% 1.06% 0.64% 0.55% 0.04% 0.87%

6,586	 6,448	 6,473	 6,802	 6,994	 6,967	 6,878	 47,148
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20112 2012 2013 2014 2015 2016 2017 Total

R03CC03: terbutaline 0.20% 0.08% 0.05% 0.03% 0.00% 0.01% 0.01% 0.05%

R03AC03: terbutaline 2.29% 2.25% 1.98% 0.49% 0.00% 0.00% 0.00% 1.00%

Reliever medication in total 35.55% 36.76% 39.15% 41.83% 45.74% 45.74% 46.35% 41.59%

ICS+LABA

R03AK07: formoterol and budesonide 16.79% 16.73% 18.21% 17.36% 16.93% 17.60% 16.92% 17.22%

R03AK06: salmeterol and fluticasone 6.47% 6.79% 6.81% 5.97% 5.68% 5.50% 5.12% 6.05%

R03AK08: formoterol and 
beclometasone

0.00% 0.00% 0.00% 0.96% 2.27% 2.76% 2.88% 1.27%

R03AK11: formoterol and fluticasone 0.00% 0.00% 0.00% 0.46% 1.47% 1.46% 2.11% 0.79%

R03AK10: vilanterol and fluticasone 
furoate

0.00% 0.00% 0.00% 0.00% 0.14% 0.72% 1.12% 0.28%

ICS+LABA in total 22.81% 23.11% 24.55% 23.86% 25.41% 26.80% 27.12% 24.81%

ICS

R03BA02: budesonide 17.55% 15.91% 16.67% 17.02% 15.50% 14.83% 14.07% 15.94%

R03BA01: beclometasone 2.93% 2.96% 2.75% 3.06% 2.87% 2.60% 2.41% 2.80%

R03BA08: ciclesonide 1.91% 1.99% 2.02% 1.98% 2.27% 2.05% 1.92% 2.02%

R03BA05: fluticasone 0.65% 0.56% 0.48% 0.66% 0.53% 0.44% 0.55% 0.55%

R03BA07: mometasone 0.00% 0.08% 0.54% 0.72% 0.50% 0.30% 0.25% 0.34%

ICS in total 22.37% 20.86% 21.69% 22.55% 20.99% 19.81% 18.84% 21.02%

Add-on medication

R03DC03: montelukast 2.92% 3.33% 3.55% 3.23% 3.57% 3.82% 3.55% 3.42%

R03DA04: theophylline 1.94% 1.67% 1.85% 1.53% 1.69% 1.33% 1.31% 1.62%

R03DA05: aminophylline 0.76% 1.01% 0.91% 0.71% 0.93% 0.70% 0.54% 0.79%

R03BC03: nedocromil 0.38% 0.20% 0.36% 0.28% 0.11% 0.37% 0.16% 0.27%

R03BB04: tiotropium bromide 0.05% 0.03% 0.05% 0.00% 0.07% 0.16% 0.15% 0.07%

R03DX05: omalizumab 0.00% 0.02% 0.00% 0.04% 0.03% 0.03% 0.03% 0.02%

Add-on medication in total 5.68% 5.94% 6.43% 5.42% 6.09% 6.03% 5.45% 5.86%

Corticosteroids- tablet, i.v. 

H02AB07: prednisone	 2.93% 3.21% 3.26% 2.98% 3.29% 3.33% 2.92% 3.13%

H02AB04: methylprednisolone 1.25% 1.60% 1.62% 1.35% 1.82% 1.61% 1.60% 1.55%

H02AB09: hydrocortisone 0.38% 0.54% 0.62% 0.29% 0.46% 0.44% 0.36% 0.44%

Corticosteroids in total 4.36% 4.93% 5.16% 4.45% 5.25% 4.95% 4.67% 4.82%

Table 1 continued.
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Statistical data on the perinatal outcomes of 
singleton deliveries were only available in the 
combined data of NRRH and NRRHS from the 
period 2011–2015. This group of 460,324 deliveries 
was divided into 4 subgroups: 1) deliveries by 
women without asthma (n= 431,116); 2) deliveries 
by women without asthma diagnosis and with 
asthma treatment (n=6,592); 3) deliveries by 
women with asthma diagnosis and with asthma 
treatment (n=12,502); and 4) women with 
an asthma diagnosis and without treatment  
(n=10,114) (Table 2). Statistical data on 
complications in pregnancy (pre-eclampsia or 
eclampsia), in the course of delivery (caesarean 
section) and the adverse perinatal outcomes 
(Apgar score in 5 minutes <7, birth weight <2,500 
g, gestational age <37 weeks, and congenital 
malformations) were found for groups 1–3 of 
deliveries. The fourth group of deliveries, i.e., those 
by women with asthma diagnosis and without 
treatment, is not included in Table 3.

RESULTS 

Two data sets were created from records on 
registered singleton deliveries. In the first 
data set, from the period 2011–2017, a total of 
752,000 deliveries were evaluated. Based on the 
diagnosis and treatment, these deliveries were 
divided into three subgroups: 1) deliveries by 
women with diagnosed asthma and with asthma 

treatment (2.69% on average); 2) deliveries by 
women with diagnosed asthma and without 
treatment (2.13% on average); and 3) deliveries 
by women without the diagnosis of asthma and 
with asthma treatment (1.44% on average). On 
average, asthma diagnosis and/or its treatment 
were found in 6.27% of deliveries. Of the total 
number of deliveries evaluated, the group of 
women without the diagnosis of asthma and 
without asthma treatment accounted for 93.73% 
on average (Table 1). 

The severity of asthma in pregnancy was 
determined by the number of drug groups (i.e., 
the step of treatment) used to control asthma 
and to prevent exacerbation. In this group 
of deliveries, most women with asthma were 
treated with the third step of treatment (0.96%), 
followed by women treated with the second step 
(0.71%), the fourth step (0.29%), and the fifth  
step (0.20%) of treatment.

The frequency prescription of individual drug 
groups for the treatment of asthma in deliveries 
in the period 2011–2017 are shown in Table 1. 
Reliever medications were the most commonly 
prescribed drugs (41.59%), with salbutamol as the 
most frequent (33.46%). ICS/LABA combination 
products were the second most commonly 
prescribed drugs (24.81%), mostly budesonide/
formoterol (17.22%). ICS monotherapy was 
third (21.20%), with budesonide as the most  

20112 2012 2013 2014 2015 2016 2017 Total

LABA

R03AC13: formoterol 1.97% 2.11% 1.98% 1.54% 1.29% 1.21% 1.13% 1.60%

R03AC12: salmeterol 0.03% 0.05% 0.06% 0.01% 0.00% 0.03% 0.01% 0.03%

LABA in total 2.00% 2.16% 2.04% 1.56% 1.29% 1.23% 1.14% 1.63%

*R03DC01: zafirlukast 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

1 Patients with asthma diagnosis or its treatment reported during pregnancy in National Registry of Reimbursed 
Health Services (NRRHS).
2 Year 2010 not shown (some pregnancies started in 2009 and data of 2009 are not available). 

*Drug is not available on the Czech market. 

ICS: inhalded corticosteroids; iv: intravenous; LABA: long-acting β2-agonists.

Table 1 continued.
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commonly prescribed drug from this group 
(15.94%). Montelukast (3.42%) was the most 
commonly prescribed drug from the add-on 
therapy group (3.42%).

When monitoring trends in prescribing 
asthma medications, an increase in salbutamol 
prescription was observed from 29.02% in 2011 
to 37.12% in 2017. As for combination products, 
a slight increase in prescriptions was observed  
(from 22.81% in 2011 to 27.12% in 2017) at the 
expense of ICS monotherapy (from 22.37% in 
2011 to 18.84% in 2017). The LTRA prescription  
increased from 2.92% in 2011 to 3.55% in 2017. 
An increase was also observed for tiotropium 
from 0.05% in 2011 to 0.15% in 2017. Prescription 
of systemic corticosteroids remained at 
approximately the same level for the entire 7-year 
period (from 4.36% in 2011 to 4.67% in 2017). 
Omalizumab was rarely prescribed (0.02% on 
average) and mepolizumab was not available on 
the Czech market until 2017.

The second data set available to evaluate the 
perinatal outcomes, from the years 2011–2015, 
involved 460,324 deliveries. The diagnosis of 
asthma without treatment was found in 10,114 
(2.2%) deliveries. Asthma treatment without a 
previous diagnosis was found in 6,592 (1.4%) 
deliveries. Asthma diagnosis and its treatment 
according to the disease severity was found 

in 12,502 (2.7%) deliveries. Altogether, these 
groups involved 29,208 (6.4%) deliveries. Neither 
asthma nor its treatment were reported in 431,116 
(93.7%) deliveries. Age (30–34 years) was 
almost the same for all of the aforementioned 
groups (Table 2). The proportion of smokers 
was lower in women with asthma diagnosis 
and treatment (5.4%) as compared to women 
with asthma treatment but without a previous 
diagnosis (6.4%) and also to women who did 
not suffer from asthma (6.8%). Education of only 
elementary level was more frequently seen in 
patients without asthma (9.0%). Marital status 
and parity were comparable for all groups. The 
incidence of gestational diabetes mellitus was 
higher in women with asthma treatment (5.0%), 
both with and without diagnosis, compared to 
women without asthma treatment (4.2%) (Table 
2). Association between asthma in pregnancy 
and complications in pregnancy (pre-eclampsia/
eclampsia) and adverse perinatal outcomes  
(birth weight <2,500 g)  was statistically  
significant only for the fifth step of asthma 
treatment (OR: 4.908; 95% CI: 3.816–6.313; 
p<0.001, and OR: 1.513; 95% CI: 1.199–1.908; 
p<0.001, respectively). Gestational age <37 
weeks was statistically more significant in women 
with asthma who were not treated (OR: 1.124; 95%  
CI: 1.041–1.213; p=0.003) and for women in the 
fifth step of asthma treatment (OR: 1.410; 95% CI: 
1.122–1.772; p=0.003).

Table 2: Characteristics of analysed population according to bronchial asthma.

N=460,3241 Without asthma
n=431,116

Treatment without asthma 
diagnosis
n=6,592

Asthma diagnosis with 
treatment
n=22,616

Age

≤19 8,001 (1.9%) 144 (2.2%) 387 (1.7%)

20–24 48,397 (11.2%) 658 (10.0%) 2,361 (10.4%)

25–29 121,588 (28.2%) 1,660 (25.2%) 6,328 (28.0%)

30–34 158,885 (36.9%) 2,478 (37.6%) 8,169 (36.1%)

≥35 94,245 (21.9%) 1,652 (25.1%) 5,371 (23.7%)

Smoking 29,354 (6.8%) 419 (6.4%) 1,214 (5.4%)
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N=460,3241 Without asthma
n=431,116

Treatment without asthma 
diagnosis
n=6,592

Asthma diagnosis with 
treatment
n=22,616

Education level

Missing 36,044 (8.4%) 557 (8.4%) 1,933 (8.5%)

Elementary 38,909 (9.0%) 532 (8.1%) 1,675 (7.4%)

High school 243,320 (56.4%) 3,714 (56.3%) 13,109 (58.0%)

University 112,843 (26.2%) 1,789 (27.1%) 5,899 (26.1%)

Cohabitation/marital status

Missing 8,644 (2.0%) 116 (1.8%) 441 (1.9%)

Unmarried 167,147 (38.8%) 2,407 (36.5%) 8,194 (36.2%)

Married 231,106 (53.6%) 3,638 (55.2%) 12,615 (55.8%)

Divorced 23,411 (5.4%) 415 (6.3%) 1,311 (5.8%)

Widow 808 (0.2%) 16 (0.2%) 55 (0.2%)

Diabetes 17,992 (4.2%) 331 (5.0%) 1,138 (5.0%)

Parity

0 201,567 (46.8%) 3,007 (45.6%) 10,926 (48.3%)

1 159,412 (37.0%) 2,446 (37.1%) 8,224 (36.4%)

2–3 62,984 (14.6%) 1,018 (15.4%) 3,201 (14.2%)

≥4 7,153 (1.7%) 121 (1.8%) 265 (1.2%)

Table 3: Asthma occurrence and treatment as predictors of pregnancy, labour complications, and perinatal 
outcomes.

1 Analysis computed for the singleton deliveries in period 2011–2015; year 2010 is not included due to non-availability 
of treatment data in 2009 when some pregnancies started; combined data of National Registry of Reimbursed 
Health Services (NRRHS) and National Register of Reproduction Health (NRRH) are available until 2015 only, 
connection between NRRHS and NRRH available for 90–95% of deliveries each year.

N=460,324 n Endpoint (%) OR (95% CI:) p

Preeclampsia or eclampsia

Without asthma during pregnancy 431,116 1.6% reference

Asthma without treatment 10,114 1.6% 1.031 (0.881–1.205) 0.706

Treatment without asthma diagnosis 6,592 1.6% 1.048 (0.865–1.269) 0.632

Asthma diagnosis with treatment step 
of treatment

Table 2 continued.
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N=460,324 n Endpoint (%) OR (95% CI:) p

1 2,365 1.5% 0.945 (0.676–1.321) 0.741

2 3,514 1.7% 1.074 (0.830–1.391) 0.586

3 4,421 1.5% 0.983 (0.773–1.250) 0.888

4 1,290 1.3% 0.840 (0.520–1.357) 0.476

5 912 7.2% 4.908 (3.816–6.313) <0.001

Cesarean section

Without asthma during pregnancy 431,116 23.4% reference

Asthma without treatment 10,114 26.8% 1.194 (1.142–1.249) <0.001

Treatment without asthma diagnosis 6,592 27.0% 1.210 (1.146–1.279) <0.001

Asthma diagnosis with treatment step 
of treatment

1 2,365 28.3% 1.290 (1.179–1.411) <0.001

2 3,514 28.1% 1.281 (1.190–1.379) <0.001

3 4,421 29.0% 1.334 (1.250–1.424) <0.001

4 1,290 33.7% 1.664 (1.482–1.867) <0.001

5 912 38.7% 2.065 (1.807–2.360) <0.001

Apgar at 5 minutes <7

Without asthma during pregnancy 431,116 1.2% reference

Asthma without treatment 10,114 1.2% 1.026 (0.856–1.229) 0.784

Treatment without asthma diagnosis 6,592 1.3% 1.123 (0.908–1.391) 0.285

Asthma diagnosis with treatment step 
of treatment

1 2,365 1.1% 0.970 (0.663–1.419) 0.875

2 3,514 1.2% 1.016 (0.749–1.379) 0.918

3 4,421 1.1% 0.941 (0.709–1.249) 0.676

4 1,290 1.2% 0.988 (0.594–1.645) 0.964

5 912 1.1% 0.931 (0.499–1.738) 0.823

Delivery weight <2,500 g

Without asthma during pregnancy 431,116 5.8% reference

Asthma without treatment 10,114 6.2% 1.067 (0.983–1.158) 0.120

Treatment without asthma diagnosis 6,592 5.9% 1.014 (0.915–1.124) 0.789

Asthma diagnosis with treatment step 
of treatment

1 2,365 4.8% 0.811 (0.671–0.981) 0.031

2 3,514 5.7% 0.986 (0.855–1.138) 0.850

3 4,421 5.9% 1.006 (0.887–1.142) 0.921

Table 3 continued.
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N=460,324 n Endpoint (%) OR (95% CI:) p

4 1,290 5.4% 0.928 (0.729–1.181) 0.543

5 912 8.6% 1.513 (1.199–1.908) <0.001

Gestational age <37 weeks

Without asthma during pregnancy 431,116 6.5% reference

Asthma without treatment 10,114 7.2% 1.124 (1.041–1.213) 0.003

Treatment without asthma diagnosis 6,592 6.8% 1.047 (0.951–1.154) 0.350

Asthma diagnosis with treatment step 
of treatment

1 2,365 5.6% 0.855 (0.717–1.020) 0.081

2 3,514 6.5% 1.009 (0.882–1.154) 0.902

3 4,421 5.9% 0.915 (0.807–1.037) 0.165

4 1,290 6.7% 1.046 (0.841–1.301) 0.684

5 912 8.9% 1.410 (1.122–1.772) 0.003

Birth defects

Without asthma during pregnancy 431,116 3.8% reference

Asthma without treatment 10,114 4.1% 1.095 (0.992–1.210) 0.073

Treatment without asthma diagnosis 6,592 3.6% 0.961 (0.843–1.094) 0.546

Asthma diagnosis with treatment step 
of treatment

1 2,365 4.0% 1.063 (0.864–1.307) 0.565

2 3,514 3.8% 1.002 (0.842–1.193) 0.981

3 4,421 4.0% 1.057 (0.908–1.230) 0.475

4 1,290 4.3% 1.143 (0.872–1.498) 0.334

5 912 3.8% 1.026 (0.731–1.438) 0.884

1 Analysis computed for the period 2011–2015; year 2010 is not included due to non-availability of treatment data in 
2009 when some pregnancies started; combined data of National Registry of Reimbursed Health Services (NRRHS) 
and National Register of Reproduction Health (NRRH) are available until 2015 only, connection between NRRHS and 
NRRH available for 90–95% of deliveries each year.

CI: confidence interval; OR: odds ratio.

Table 3 continued.

Delivery complications (caesarean section) were 
statistically significantly more frequent in all  
groups of interest (i.e., in women with asthma 
diagnosis and treatment regardless of treatment 
steps, in women with asthma diagnosis who 
were not treated and in women without asthma 
diagnosis but with asthma treatment) when 
compared to women without asthma (p<0.001 
in all cases; OR from 1.194 in asthma without 

treatment to 2.065 in the fifth  step of treatment). 
The incidence of congenital malformations and 
Apgar score at 5 minutes <7 had no statistical 
significance for all of the above-mentioned groups 
of interest and did not differ between women with 
and without asthma and its treatment (Table 3).
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DISCUSSION

This study evaluated two groups of deliveries. 
In the analysis of the first group, asthma 
diagnosis without asthma treatment was found 
in 2.13% deliveries, whereas asthma treatment 
without asthma diagnosis was reported in 1.44%  
of deliveries. 

In a Finnish population-based study from 2018, 
Kemppainen et al.13 reported that the diagnosis 
of asthma without asthma medication was found 
in 0.8 % of women. In a Swedish population-
based study, Rejnö et al.1 reported that 0.4 % of 
women were taking asthma medication without  
a diagnosis of asthma.

This present study also evaluated the steps of 
asthma treatment based on the findings of drug 
groups that were prescribed during pregnancy. 
The third step of treatment was most frequently 
used in the study’s group of interest. 

In a study from 2013, Charlton et al.14 used 
longitudinal electronic medical records, which 
were associated with prescribing data, and 
assessed the degree of asthma treatment during 
pregnancy based on the prescription of asthma 
medications. Data were obtained from the 
General Practice Research Database (GPRD) in 
the UK. Most women were treated with the first 
step of treatment.14 

In a Dutch population-based study, Zetstra-van 
der Woude et al.15 reported that 8.1% of women 
took asthma medication with at least one drug. 
Of this group, 33.9% had prescription for SABA 
only.15 According to Lim et al.,16 almost one-third 
of pregnant women discontinue or reduce their 
asthma preventing drugs during pregnancy and 
overcompensate with SABA. In 2016, Carlton  
et al.17 published a study to determine the 
prescription of asthma medications during 
pregnancy, which used data from seven 
electronic databases from Denmark, Norway, 
the Netherlands, Italy (Tuscany and Emilia-
Romagna), Wales, and from a database of 
general practitioners from the rest of the UK.17 

SABA was prescribed to 90% of women in the 
UK, 75% of women in Denmark and Norway, and 
26% of women in Italy. ICS during pregnancy was 
prescribed to 50% of women in Norway, 60% 
of women in the UK and Denmark, and 89% of 
women in Emilia-Romagna. In the UK (including 

Wales) and Italian databases, beclometasone 
was the most commonly prescribed ICS, whereas 
budesonide was most commonly prescribed in 
Denmark, and beclometasone and budesonide 
were equally prescribed in Norway. Norway was 
the only region where the prevalence of ICS 
prescription in a fixed-dose combination with a 
LABA was higher than the prescription of ICS 
products in monotherapy. Norway and Italy 
were the only countries, however, where the  
guidelines recommended budesonide as the 
ICS of choice, and Denmark was the only region 
where budesonide was found to be the most 
commonly prescribed ICS. In Italy, despite 
the guidelines recommending budesonide, 
beclometasone was by far the most commonly 
prescribed ICS. During pregnancy, evidence of 
a reduction in the prescription of LABA, both  
alone and as part of a fixed-dose combination 
with ICS, was observed in Norway, the 
Netherlands, and Italy. The percentage of LTRA 
prescription was low, from 0.04% in Norway to 
0.41% in Wales. No prescription of anticholinergic 
drugs was reported in Denmark, whereas in the 
Netherlands, these were prescribed to 0.16% of 
women. Prescription of oral corticosteroids was 
highest in the UK and Italy. Prednisolone was the 
most commonly prescribed oral corticosteroid 
in all regions. During the 7-year study period, in 
Denmark, Norway, and the UK, the prevalence 
of prescripted LABA in fixed combination with 
ICS increased while pregnancy prescriped  
LABA decreased.17

This study respects the categories of drug safety 
in pregnancy, because ICS budesonide (FDA-B), 
which was used in ICS monotherapy and also 
in fixed combination with ICS (ICS/LABA), 
was still the most commonly prescribed drug. 
From the add-on therapy, montelukast (FDA-B) 
was the most commonly chosen drug, and an 
increasing trend in its use has been observed 
(Table 1). Several prescription trends were 
observed in the 7-year period. A decrease in the 
prescription of ICS monotherapy was reported, 
in favour of the use of fixed combinations (ICS 
and LABA), with a predominance of budenoside; 
moreover, an increase in the prescription of 
LTRA (FDA-B) was observed, as well as an 
increase in SABA prescription. The prescription 
of systemic corticosteroids (most commonly 
methylprednisolone) has not changed.
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In the 7-year study period of prescribing habits 
in Europe, a similar increasing trend in the 
prescription of fixed combinations of ICS and 
LABA was found in Denmark, Norway, and  
the UK.17

In the second group, the incidence of pregnancy 
complications, childbirth, and adverse perinatal 
outcomes in relation to asthma treatment was 
assessed. In this group of deliveries by women 
with asthma, there was a statistically significant 
(p<0.001) incidence of some adverse outcomes 
(pre-eclampsia/eclampsia, caesarean section, 
birth weight <2,500 g, gestational age of <37 
weeks) only in women treated with the fifth  
step of asthma treatment, i.e., those with severe  
asthma. The above-mentioned results are 
consistent with a number of studies, meta-
analyses, population-based studies, and 
consensus studies.1,2,6,8,9,12 In a Finnish study from 
2018, it was shown that the number of used  
asthma medications increased the risk of low 
birth weight and fetal growth restriction. Each 
medication group increased the risk of low 
birth weight by 6% (OR: 1.06; 95% CI: 1.00–1.13; 
p=0.0365) and fetal growth restriction (SGA) 
by 13% (OR: 1.13; 95% CI: 1.07–1.19; p<0.0001).13 
The risk of perinatal mortality or preterm birth, 
however, was not increased in the logistic 
manner of evaluation.13 A Swedish study showed 
that maternal asthma was associated with an  
increased risk of almost all pregnancy 
complications. There were also increased odds 
for adverse birth outcomes, including a low birth 
weight and a low gestational age.1 In this study  
of all groups of deliveries (women with and 
without asthma diagnosis, with and without 
asthma treatment), there was no evidence of a 
higher incidence of congenital malformations, 
even for women with severe asthma, as compared 
to women without asthma. Systematic reviews 
and meta-analyses of >56,000 pregnancies with 
asthma and >1 milion pregnancies without asthma, 
from 14 studies, found a significant but very small 
increase of congenital malformations among 
women with asthma as compared with women 
without asthma (risk ratio: 1.30; 95% CI: 1.02–1.21).9 
However, the European case-malformed control 
study (EUROmediCAT) of 13 registers showed 
that cleft palate (OR: 1.63; 95% CI: 1.05–2.52) 
and gastroschisis (OR: 1.89; 95% CI: 1.12–3.20) 
were significantly more frequent in women who 
were treated in the first trimester by β2-agonists.7 
An exploratory analysis found an association  

between renal dysplasia and exposure to the 
combination of ICS/LABA (OR: 3.95; 95% CI: 
1.99–7.85). Administration of ICS during the first 
trimester of pregnancy appeared to be safe in 
relation to the risk of a range of specific major 
congenital anomalies.7 In this present study 
group, deliveries led by caesarean section were 
significantly more frequent (p<0.001) in all groups 
of deliveries, as compared to women without 
asthma (Table 3). 

A number of multicentre studies and meta-
analyses have shown that women with asthma 
have a higher risk of caesarean delivery and 
even twice the risk of elective caesarean section 
(risk ratio: 2.14; 95% CI: 1.16–3.95) than women  
without asthma.9 

A Swedish population-based study linked a 
higher incidence of caesarean delivery in women 
with asthma with the possibility that women with 
chronic conditions generally undergo this surgical 
procedure for medical reasons because doctors 
assume that vaginal delivery is associated with 
more complications.1 Prof Michael Schatz, one of 
the leaders of international recommendations for 
the management of asthma during pregnancy, 
indicates that adverse perinatal outcomes in 
women with asthma might be explained by 
general pathogenetic factors that predispose the 
patients to bronchial, vascular, and uterine muscle 
hyperresponsiveness, as well as circulating 
mediators that cause abnormalities of smooth 
muscles and of the autonomic nervous system.12

CONCLUSION

Asthma during pregnancy is associated with 
increased risks of pregnancy, delivery, and 
perinatal complications. Severe asthma, defined 
by the number of drugs that a pregnant patient 
with asthma needs to control the disease and to 
prevent exacerbations, was more often associated 
with adverse outcomes. The prescription profile 
of drugs used in asthma during pregnancy 
should be consistent with international  
recommendations in which the choice of drugs 
is guided by safety categories. Appropriate 
asthma care during the preconception period, 
correct determination of treatment steps 
during pregnancy, as well as a proactive 
approach to treatment will help reduce potential 
adverse effects on pregnancy, delivery, and  
perinatal outcomes.
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