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Summary

Background: Assessment of asthma control every 4-6 weeks during pregnancy is

recommended to reduce risk of exacerbation, and by that improve outcome.

Objective: To identify determinants of pregnancies with low risk of asthma exacer-

bation.

Methods: All pregnant women enrolled into the Management of Asthma during

Pregnancy (MAP) programme at Hvidovre Hospital since 2007. Assessment of

asthma control, adjustment of treatment, spirometry and measurement of exhaled

nitric oxide (FENO) were performed, and baseline characteristics and exacerbation

history were collected at enrolment. Determinants of low-exacerbation risk pregnan-

cies were identified by logistic regression analysis (stepwise backward elimination).

Results: In 1283 pregnancies, 107 exacerbations were observed. Multiple regression

analysis revealed that no history of pre-pregnancy exacerbations (P < .001), no pre-

scribed controller medication (P < .001), and clinically stable asthma at enrolment

(P = .002) were significantly associated with low risk of exacerbation during preg-

nancy; with these combined characteristics, only two of 385 pregnancies were com-

plicated by an exacerbation (OR 0.04, 95% CI 0.01-0.18, P < .001).

Conclusion and clinical relevance: Clinically stable asthma at enrolment, together

with no history of previous exacerbations and no prescribed controller medication,

is a determinant of low risk of an asthma exacerbation during pregnancy, which

may guide clinicians in individualizing surveillance of asthma during pregnancy.
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1 | INTRODUCTION

Asthma is a common chronic condition and affects up to 15% of

pregnant women.1,2 Previous studies have shown that one-third of

women with asthma report an improvement, one-third no change,

and one-third worsening of their asthma during pregnancy.3 Exac-

erbations of asthma during pregnancy have been linked to

increased risk of adverse pregnancy and perinatal outcomes,

including pre-eclampsia, preterm delivery, low birth weight, and

small for gestational age infants.4-6 Regular follow-up visits every

4-6 weeks, including assessment of lung function, have been

recommended for all pregnant women with asthma7 to reduce the

risk of exacerbations and thereby the risk of pregnancy and peri-

natal complications for both mother and child.5,8 However, a sub-

stantial proportion of pregnant women with asthma does not

experience exacerbations and may therefore not benefit from close

follow-up.

It would, therefore, be helpful to have a tool to identify pregnan-

cies with low risk of asthma exacerbation during pregnancy to assist

clinicians in personalizing the intensity of asthma monitoring. How-

ever, our current knowledge of factors associated with low risk of

asthma exacerbation is very limited.9,10

Received: 3 April 2017 | Revised: 6 September 2017 | Accepted: 11 September 2017

DOI: 10.1111/cea.13033

Clin Exp Allergy. 2017;1–6. wileyonlinelibrary.com/journal/cea © 2017 John Wiley & Sons Ltd | 1

http://orcid.org/0000-0003-2411-7177
http://orcid.org/0000-0003-2411-7177
http://orcid.org/0000-0003-2411-7177
http://wileyonlinelibrary.com/journal/CEA


The aim of this study was to identify determinants of pregnan-

cies with low risk of asthma exacerbation during pregnancy, and by

that identify pregnancies where the intensity of asthma monitoring

during pregnancy may be reduced without having negative impact

on pregnancy outcome.

2 | MATERIALS AND METHODS

2.1 | Material

The Management of Asthma during Pregnancy (MAP) programme

was initiated in 2007, and participants for this study were consecu-

tively recruited through the Department of Obstetrics and Gynaecol-

ogy, Hvidovre Hospital, Denmark. The MAP study has been

described in detail previously.11-14

Inclusion criteria were as follows:

1. A diagnosis of asthma defined according to the GINA guidelines1

2. Current treatment with at least rescue bronchodilator (GINA Step

1 therapy)

3. The first visit to the outpatient clinic at the Department of

Pulmonary Medicine within the first 18 weeks of pregnancy.

The MAP programme includes scheduled follow-up visits every

fourth week during pregnancy. At the first visit, baseline data, incl.

case history, addressing the number and severity of any previous

asthma exacerbations, tobacco exposure, and prescribed asthma

medication was obtained. The importance of adherence with con-

troller medication was addressed, and inhaler device technique

checked. Lung function, that is spirometry, and fractional exhaled

nitric oxide (FENO) were measured.

2.2 | Ethics statement

The study was performed in accordance with the Helsinki II declara-

tion and the Danish legislation. The study was approved by the

Research Ethics Committee of the Capital Region of Denmark (H-D-

2007-0051) and the Danish Data Protection Agency (2007-41-0770).

2.3 | Definitions and methods

2.3.1 | Definitions

Asthma control was assessed based on daytime asthma symptoms,

night-time awakenings due to asthma, use of rescue medication, and

asthma-related activity limitation. Well-controlled, partly controlled

and uncontrolled asthma was defined according to GINA.1 Patients

were classified as having clinically stable asthma provided they ful-

filled the criteria for having well-controlled asthma together with

normal lung function (FEV1 > 80% predicted) and FENO < 25 p.p.b.

Smoking status was classified as current (minimum one cigarette

per day), ex (stopped before or when the current pregnancy was

confirmed) or lifelong non-smokers. Lifetime tobacco exposure was

estimated as pack-years: (number of cigarettes per day/209 duration

of smoking [years]). Environmental tobacco smoke (ETS) was defined

as living with someone smoking at home (as smoking in workplaces,

restaurants etc. is not allowed in Denmark).

Allergy is based on symptoms together with a positive skin prick

test and/or allergen-specific immunoglobulin E.

2.3.2 | Spirometry

Spirometry was performed with the Vitalograph Pneumotrac spirom-

eter and a computerized system (Spirotrac IV; Vitalograph, Bucking-

ham, UK). The forced expiratory volume in the first second (FEV1)

from a maximum inspiration and forced vital capacity (FVC) were

measured according to American Thoracic Society (ATS)/European

Respiratory Society (ERS) guidelines.15 Due to the young age of the

women, airflow limitation was defined as FEV1/FVC below lower

limit of normal (LLN) according to ATS/ERS pulmonary function

interpretation guidelines.16

2.3.3 | Exhaled nitric oxide

Fractional exhaled nitric oxide (FENO) was measured with Ecomedics

CLD 88sp analyzer and DENOX 88 at a controlled flow rate of

50 mL/s according to ATS guidelines.17 The mean value of two mea-

surements in parts per billion (p.p.b.) was recorded.

2.3.4 | Outcome measures

Asthma exacerbations after enrolment into the MAP programme were

defined as exacerbations requiring unscheduled doctor visit, hospital

admission, treatment at the emergency department or/and a rescue

course of systemic corticosteroids according to the official American

Thoracic Society/European Respiratory Society guidelines.17

2.3.5 | Statistical analysis

Baseline data (collected at the first visit) were compared in pregnan-

cies with and without asthma exacerbations by the Chi-square test

using SAS Enterprise Guide 7.1. Results are presented in a forest

plot with odds ratios (OR) and 95% confidence intervals (CI).

A multiple logistic regression with backward elimination was car-

ried out, using the Proc Logistic procedure in SAS, with the following

potential determinants for low risk of exacerbation during preg-

nancy: age (continuous variable), BMI < 25, clinically stable asthma,

no history of pre-pregnancy exacerbations, no ETS, never-smokers,

no prescribed controller medication, FEV1 ≥ 80% of predicted,

FEV1/FVC ≥ LLN, and FENO < 25. The significant determinants from

the multiple logistic regression were used to identify pregnancies

with low risk of asthma exacerbation during pregnancy. The sensitiv-

ity, specificity, negative predictive value (NPV), and positive predic-

tive value (PPV) were calculated as a measure of the diagnostic

performance of the identified determinants. Furthermore, a receiver

operating characteristic (ROC) curve of the combined significant

2 | ALI ET AL.



determinants was performed in SPSS software version 22 (SPSS Inc.

Chicago, IL, USA), and the area under the curve (AUC) was calcu-

lated.

In all the statistical analyses, a two-tailed P-value of ≤.05 was

considered significant.

3 | RESULTS

Over the 9-year study period, 1283 pregnancies in 1208 women

were eligible for the present analysis; baseline characteristics are

given in Table 1. A total of 107 exacerbations were observed, and

eight pregnancies (0.6%) were complicated by more than one exacer-

bation.

Only 5% (n = 40) of the pregnancies in women classified as hav-

ing clinically stable asthma at the first visit were complicated by an

asthma exacerbation during pregnancy, while the remaining 95%

(n = 839) did not (P < .001). Among women with no history of pre-

pregnancy exacerbations, 4% (n = 37) had an asthma exacerbation

during pregnancy (P < .001). Furthermore, FENO < 25 p.p.b. was sig-

nificantly associated with low risk of an asthma exacerbation (OR

0.51, 95% CI 0.33-0.79, P = .001) (Figure 1).

The multiple logistic regression analysis revealed that no history

of pre-pregnancy exacerbations, no prescribed controller medication,

and clinically stable asthma at the first visit were independent deter-

minants of pregnancies with a low risk of an asthma exacerbation

(Table 2). The sensitivity of the three significant determinants (pre-

pregnancy exacerbations, prescribed controller medication, and clini-

cally stable asthma) to identify pregnancies with risk of an asthma

exacerbation during pregnancy was 98%, and the negative predictive

value (NPV) was 99% (Table 3). Only two of 385 pregnancies char-

acterized by these determinants were complicated by an asthma

exacerbation (OR 0.04, 95% CI 0.01-0.18, P < 0.001). The ROC

curve (AUC = 0.77, 95% CI 0.72-0.81) for the diagnostic perfor-

mance of the three determinants combined to identify pregnancies

with low risk of an asthma exacerbation during pregnancy is pre-

sented in Figure 2.

Furthermore, risk factors for exacerbation of asthma during preg-

nancy were FEV1 < 80% predicted, FEV1/FVC < LLN, FENO > 25

p.p.b., moderate/severe asthma, uncontrolled asthma, and previous

exacerbations.

The results remained unchanged after exclusion of twin pregnan-

cies and exclusion of all women contributing with more than one

pregnancy to the data set.

4 | DISCUSSION

In the present study of a large sample of pregnant women with

asthma, we found that women who presented with clinically stable

asthma at the first visit, no history of pre-pregnancy exacerbations,

and not being prescribed controller medication have a low risk of an

asthma exacerbation during pregnancy.

According to the current recommendations, regular monitoring of

asthma every four to 6 weeks during pregnancy is recommended for

all pregnant women with asthma,1,7 as the general paradigm is that

the course of asthma during pregnancy is largely unpredictable.7,18,19

Despite these recommendations, this is not clinical practice in many,

probably most, countries due to lack of resources to closely monitor

all pregnant women with asthma. Furthermore, evidence is lacking

that implementing this regimen improve pregnancy outcome nor is

beneficial for all pregnant women with asthma. Identification of clinical

TABLE 1 Baseline characteristics, obtained at the first visit to the
pulmonary outpatient clinic, of 1283 pregnancies in women with
asthma enrolled in the Management of Asthma during Pregnancy
(MAP) programme

Characteristics
Pregnancies
(1283)

Age (year) 31 � 5 (17-44)

Allergy 411 (32)

Body mass index (BMI)

BMI (kg/m2) 26 � 5 (16-65)

BMI < 25 646 (50)

Pregnancy

Singleton 1247 (97)

Gemelli 36 (3)

Treatment

Controller medication at the time of inclusion 521 (41)

Controller medication prescribed at the first

visit

811 (63)

Pre-pregnancy history of exacerbations 379 (30)

Clinically stable asthma 879 (69)

Smoking status

Environmental tobacco exposure 163 (13)

Never-smokers 946 (74)

Ex-smokers 279 (22)

Pack-years 7 � 5

Current smokers 57 (4)

Pack-years 12 � 7

Spirometry

FEV1 (L) 3.0 � 0.5

FEV1 % predicted 93.2 � 12.9

FEV1 > 80% predicted 1085 (85)

FEV1/FVC ratio (%) 80.9 � 6.9

FEV1/FVC > LLNa 1135 (88)

Fractional exhaled nitric oxide (FENO)

FENO (p.p.b.) 20 � 17

FENO (p.p.b.) < 25 p.p.b. 990 (77)

Data are given as mean � SD with range in brackets or numbers with

percentages in brackets.

Clinically stable asthma = having well-controlled asthma (according to

GINA guidelines) together with normal spirometry and FENO < 25 p.p.b.

at the time of enrolment.
aLower limit of normal.
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characteristics associated with low risk of an asthma exacerbation dur-

ing pregnancy could allow subgroups of women to be allocated to less

intense follow-up, possibly by their general practitioner (GP) due to

lack of resources. This is the first study providing GPs with tools to

pinpoint women with low risk of exacerbation during pregnancy, and

by that allocate the limited resources to women with higher risk.

Besides making resource allocation more reasonable, such an approach

could reduce unnecessary anxiety that is associated with an intense

follow-up in the majority of pregnant women with asthma.

Among those with all three identified determinants (no history of

pre-pregnancy exacerbations, no prescribed controller medication,

and clinically stable asthma), the probability of being exacerbation-

free during pregnancy was 99% (NPV). The three determinants

performed well with regard to correctly designate pregnancies as

positive if they experienced an exacerbation (sensitivity 98%). A high

sensitivity comes along with a low false negative rate, and it is often

stated, that a test with high sensitivity has potential value in screen-

ing, as cases with disease rarely are missed.20 On the other hand,

the three determinants are not very specific and a high proportion

of women who never will experience any asthma exacerbation dur-

ing pregnancy would still be allocated to intense follow-up.

Some women with asthma stop or reduce their use of asthma

controller medication in early pregnancy,21 often without consulting

their doctor,22 and reduced adherence with controller medication

during pregnancy is associated with increased risk of asthma-related

emergency department visits.23 The reason for abstaining controller

medication is very likely to be fear of harmful effects of the drugs

on the foetus.24 Non-adherence to controller medication is, in gen-

eral, a major risk factor for asthma exacerbations,25 and the risk of

having an exacerbation is reduced by more than 75% among women

who are using controller medication regularly.26 Asthma exacerba-

tions during the first trimester of pregnancy increase the risk of con-

genital malformations.27,28 In our cohort, around 20% of the

pregnant women not using controller medication at inclusion were

prescribed such medication at the first visit. Optimizing medication,

discussing the importance of adherence to treatment and a through

asthma assessment with spirometry and FENO as early in pregnancy

as possible is important to correctly identify women at low risk of an

exacerbation. This would allow for an allocation of resources on

F IGURE 1 Determinants of low risk of
asthma exacerbation during pregnancy
(univariate analysis) in 1283 pregnancies
among women enrolled in the
Management of Asthma during Pregnancy
(MAP) programme. The association is
reported as odds ratio (OR) with upper
(UCL) and lower (LCL) 95% confidence
limits. Clinically stable asthma is defined as
having well-controlled asthma (according
to GINA guidelines) together with normal
spirometry and FENO < 25 p.p.b. at the
time of enrolment. LLN, lower limit of
normal

TABLE 2 Determinants of pregnancies with low risk of an
exacerbation among 1283 pregnancies in women enrolled in the
Management of Asthma during Pregnancy (MAP) programme

OR 95% CI P-value

No prescribed controller

medication

0.09 0.03-0.29 <.001

No history of pre-pregnancy

exacerbations

0.37 0.24-0.58 <.001

Clinically stable asthma 0.51 0.33-0.79 =.002

Multiple logistic regression analysis with backward elimination: results

are given as odds ratio (OR) with 95% confidence interval (CI) and

P-value.

Clinically stable asthma defined as having well-controlled asthma (accord-

ing to GINA guidelines) together with normal spirometry and FENO < 25

p.p.b. at the time of enrolment.

TABLE 3 The validity of the combined significant determinants
(no pre-pregnancy history of exacerbations, no prescribed controller
medication, and clinically stable asthma) to identify pregnancies with
asthma exacerbation during pregnancy

Exacerbation(s) No exacerbation

Test positive 97 801 PPV = 11%

Test negative 2 383 NPV = 99%

Sensitivity = 98% Specificity = 32%

Test positive = history of pre-pregnancy exacerbations, prescribed con-

troller medication, and clinically unstable asthma.

Test negative = no history of pre-pregnancy exacerbations, no prescribed

controller medication, and clinically stable asthma.

PPV=positive predictive value, NPV = negative predictive value.

Clinically stable asthma = having well-controlled asthma (according to

GINA guidelines) together with normal spirometry and FENO < 25 p.p.b.

at the time of enrolment.
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those who will benefit from an intense asthma-monitoring pro-

gramme. This initial assessment can be performed either by a pulmo-

nologist in an outpatient clinic or by a GP if the setting allows it.

Pregnant women with no history of pre-pregnancy exacerbation,

clinically stable asthma at the first visit, and no prescribed controller

medication could have regular follow-up by the GP while the other

women could have an intense follow-up every fourth week at the

pulmonary outpatient clinic. However, before implementing this in a

clinical practice, there is a need for further research in a prospective

design to evaluate the incidence of exacerbation rate in women with

regular follow-up compared to close follow-up.

It is well documented that active and passive tobacco smoke

exposure is a major risk factor for worse asthma control, excessive

decline in FEV1, and impaired responses to ICS and oral ster-

oids.29-32 Asthmatic women who are current smokers during preg-

nancy have more severe asthma exacerbations during pregnancy

relative to women who are non-smokers.33 However, this could

also be explained by socio-economic status and low educational

level as these factors are associated with both smoking during

pregnancy34,35 and severe asthma exacerbations.36 Furthermore,

the combination of asthma and smoking also significantly increases

the incidence of low birth weight neonates and preterm deliver-

ies.37 In the present study, we found no association between

never-smokers and a low risk of an asthma exacerbation during

pregnancy, but relatively few of the women were smokers. In a

smaller cohort of 500 pregnant women, Grarup et al13 have

shown that passive tobacco exposure in women, enrolled in the

MAP programme, is associated with an increased risk of episodes

of uncontrolled asthma.

This large study is sufficiently powered to assess asthma exacer-

bations during pregnancy. Even though all pregnant women referred

to give birth at Hvidovre Hospital were informed and invited to this

study, there could be a selection bias in women responding to the

invitation. The women enrolled in the MAP cohort are comparable

to the background population of pregnant women with regard to

age and marital status.11 We have previously reported that the pro-

portion of current smokers is lower in women participating in the

MAP programmme than the background population of pregnant

women.11 This uneven distribution could have influenced the results

and affected the power to detect a difference regarding smoking.

Additionally, as in other population studies, there is a risk of several

types of bias including factors associated with lifestyle that are not

easily measured. We have earlier found that a higher proportion of

nulliparous women accept an invitation to participate in lifestyle

interventional trials during pregnancy at our department.38 A pre-

dominance of nulliparous women was also found in the present

study, however, adjusting for parity did not change any results.

Furthermore, we were not able to adjust for confounders such

as socio-economic status and marital status due to lack of data.

Nevertheless, the present study has a high external validity, and in

our view, the results can be generalized to the population. All preg-

nant women were seen by the same pulmonologist (CSU) which

increases the data validity.

In conclusion, our study suggests that women presenting in early

pregnancy with no history of pre-pregnancy exacerbations, no pre-

scribed controller medication, and clinically stable asthma at the first

visit are associated with low risk of an asthma exacerbation during

pregnancy. This may assist clinicians in identifying women that do

not need an intense monitoring during pregnancy.
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