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ABSTRACT
Objective: Asthma exacerbations and medication non-adherence are significant clinical problems
during pregnancy. While asthma self-management education is effective, the number of education
sessions required to maximise asthma management knowledge and inhaler technique and whether
improvements persist postpartum, are unknown. This paper describes how asthma knowledge, skills,
and inhaled corticosteroid (ICS) use have changed over time. Methods: Data were obtained from 3
cohorts of pregnantwomenwith asthma recruited inNewcastle, Australia between 2004 and 2017 (N=
895).Medication use, adherence, knowledge, and inhaler techniquewere compared between cohorts.
Changes in self-management knowledge/skills andwomen’s perceptionofmedication risk to the fetus
were assessed in 685womenwith 5 assessments duringpregnancy, and95womenwhohadapostpar-
tum assessment. Results: At study entry, 41%, 29%, and 38% of participants used ICS in the 2004, 2007,
and 2013 cohorts, respectively (p= 0.017), with 40% non-adherence in each cohort. Self-management
skills of pregnant women with asthma did not improve between 2004 and 2017 and possession of a
written action plan remained low. Maximum improvements were reached by 3 sessions for medica-
tions knowledge and one session for inhaler technique, and were maintained postpartum. ICS adher-
ence was maximally improved after one session, but not maintained postpartum. Perceived risk of
asthmamedicationson the fetuswashighest for corticosteroid-containingmedication; andwas signif-
icantly reduced following education. Conclusions: There was a high prevalence of non-adherence and
poor self-management skills in all cohorts.More awareness of the importance of optimal asthmaman-
agement duringpregnancy iswarranted, since no improvementswere observedover thepast decade.

Abbreviations used

ACQ Asthma Control Questionnaire
FENO Fraction Exhaled Nitric Oxide
FEV1 Forced Expiratory Volume in 1 second
FVC Forced Vital Capacity
ICS Inhaled Corticosteroids
OCS Oral Corticosteroids
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Introduction

Asthma is a common chronic condition affecting 12% of
pregnant women in Australia, with an increasing preva-
lence over the past years (1). More than one-third of
women with asthma will have an exacerbation requiring
medical intervention during pregnancy (2,3), usually dur-
ing the second trimester (4,5). Exacerbation of asthma
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and the use of oral corticosteroids (OCS) in pregnancy are
associated with an increased risk of adverse perinatal out-
comes including preterm delivery and low birth weight
(6); however, active management of asthma during preg-
nancy can reduce this risk (7,8). International guidelines
recommend a monthly review of asthma control during
pregnancy and provision of self-management education
(9). Our group has been conducting prospective studies
of asthma in pregnancy in the Newcastle region, Australia
since 2004 (10), and therefore, we have the available data
to examine whether there have been any changes in base-
line asthma self-management knowledge and skills, and
inhaled corticosteroids (ICS) use among pregnant women
with asthma over the past 13 years.

The recommended management of asthma during
pregnancy is the same as for other adults, with ICS rec-
ommended as the predominant controller medication
and short-acting beta-agonists (SABA) as reliever med-
ication (11). However, medication non-adherence dur-
ing pregnancy is a significant clinical problem. Previous
research has demonstrated a decline in prescription filling
for asthma medication in the first trimester, that returns
to pre-pregnancy levels only by late pregnancy (12,13).
The reason for this is unknown but it may be because
of the cautious attitude of pregnant women and/or
health professionals towards medication use during
pregnancy.

We previously demonstrated that 29% of exacerbations
requiring medical intervention were associated with self-
reported non-adherence to ICS (4), with 40% of women
non-adherent to ICS medication at study entry (approxi-
mately 20 weeks gestation) (10). The perception of med-
ication risk can determine adherence and in pregnancy
this in an important issue, since risk is shared by both
the mother and the fetus. Provision of self-management
education improves medication knowledge, inhaler tech-
nique, and adherence to controllermedication (10). How-
ever, it is not known how many education sessions are
required tomaximize knowledge and self-management in
this group, and whether these improvements persist post-
partum.

The primary aim of this study was (i) to com-
pare asthma self-management knowledge and skills,
and ICS non-adherence rates, in 3 cohorts of preg-
nant women with asthma in Newcastle NSW, Aus-
tralia from 2004 to 2017; secondary aims were (ii) to
determine the number of repeat education ses-
sions required for maximum improvement in self-
management skills; (iii) to determine whether acquired
self-management skills are maintained postpartum; and
(iv) to determine whether education alters perceived risk
of asthma medications on the fetus.

Methods

Population

The data presented come from 3 prospective cohort stud-
ies of pregnant women with asthma recruited via the
antenatal clinic at the John Hunter Hospital, Newcastle,
Australia:

1. The 2004 cohort study was a prospective cohort
study conducted between July 2004 and December
2006, which recruited pregnant women with asthma
(N = 85) at approximately 18 weeks’ gestation, as previ-
ously described (2).

2. The 2007 cohort study included women (N = 299)
from 2 related studies. The Viral Exacerbations of Asthma
during Pregnancy (VEAP) study was conducted between
April 2007 andNovember 2009, which recruited pregnant
womenwith asthma (n= 168) between 12–20 weeks’ ges-
tation, as previously described (14). Of the 299 women
in the 2007 cohort, 74% (n = 220) participated in a
randomized controlled trial (RCT) of fractional exhaled
nitric oxide (FENO)-based asthma management versus
symptom-based management, known as the Managing
Asthma in Pregnancy (MAP) Study (15).

3. The 2013 cohort study is an ongoing RCT of
asthma treatment adjustment with FENO-based asthma
management versus usual care, known as the Breathing
for Life Trial (BLT) (16). Pregnant women with asthma
were recruited between 12 and 22 weeks’ gestation. Data
presented for this cohort come from women recruited
between March 2013 and June 2017 (N = 511).

Details of the individual studies are provided in
Supplement Table S1.

Ethical approval was obtained for all studies from
the Hunter New England Health Human Research
Ethics Committee and the University of Newcastle (2004
Cohort reference number 9709173.07, 2007 Cohort ref-
erence number 07/02/21/3.06 and 2013 Cohort reference
number 12/10/17/3.04). Written informed consent was
obtained from all women prior to participation.

Measurements

Baseline data from all three studies were collected prior
to 23 completed weeks of gestation. This included cur-
rent maternal age, body mass index (BMI, kg/m2), ges-
tational age, self-reported smoking status, asthma history
(age at asthma diagnosis, and hospital admissions, emer-
gency department visits, OCS use for asthma in the past
2 years), and current asthma symptoms and medication
use. Forced expiratory volume in 1 second (FEV1) and
forced vital capacity (FVC) were measured by spirome-
try (Spirotac IV, Vitalograph, Buckingham UK; the 2004
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cohort, and EasyOne Spirometer, NicheMedical, North
Sydney AU; the 2007 and 2013 cohorts) and age- and
height-adjusted percent predicted FEV1 and FVC val-
ues were calculated using the 2012 Global Lung Func-
tion equations (17). Airway inflammationwas assessed by
measuring FENO (see Supplement for details).

Asthma control was assessed in all women in the 2004
and 2007 cohorts, and the FENO-based asthma man-
agement group in the 2013 cohort, using the validated
Asthma Control Questionnaire (ACQ) (18).Women with
an ACQ7 >1.5 were considered to have uncontrolled
asthma (19).

ICS adherence was assessed by asking the following
question: “It can be difficult to remember all of your
medicines when things get busy. How many times in the
last week have youmissed a dose of your controller?” Par-
ticipants were considered to be adherent if they missed
�20% of their prescribed medication doses.

General knowledge about asthma medications was
assessed in the 2004 cohort, with knowledge about con-
troller and reliever medications was assessed separately
in BOTH the 2007 and 2013 cohorts, respectively. Med-
ication knowledge was determined following direct ques-
tioning regarding how the controller and reliever medica-
tions worked, and when to use which type of medication.
Answers were scored as correct or incorrect by a trained
research nurse/midwife.

Participants were asked if they currently possessed a
written asthma action plan (WAP). Women who did not
possess aWAPwere all provided one except for women in
the usual care group in the 2013 cohort who were advised
to obtain one from their treating physician.

Inhaler technique was assessed for pressurized
Metered Dose Inhalers (pMDI) and turbuhalers follow-
ing participant demonstration using their own inhaler
or a placebo and using the criteria listed in Supplement
Table S2.

Repeat data were available for the 2007 cohort and the
2013 cohort (FENO-based asthma management group
only), where women (n = 685) attended repeat assess-
ments (3–6 weeks apart) during pregnancy, plus one
assessment at 6-months postpartum (the 2007 cohort
only, n= 95). Self-management skills, medication knowl-
edge, and inhaler technique were assessed at all visits,
prior to the education session.

Perceived risk of asthma medications on the fetus was
assessed using a 10-cm visual analogue scale at visits 1, 2,
3, and 5 (the 2007 cohort). Participants were instructed to
do the following: “Please place a cross on the line between
0% and 100% where you think the medication may have
side effects for your baby from no side effects to severe
side effects (e.g., deformity).” Below the question, 3 visual
analogue scales were presented, for controllermedication,

reliever medication, and OCS (e.g., prednisolone), with
pictures of inhaler types or tablets shown.

Statistical analysis

All data were analyzed using Stata 15 (StataCorp,
College Station, TX, USA) and presented as mean ±
standard deviation, median [interquartile range] or n
(%) unless otherwise stated. Dichotomous variables were
analyzed with chi-square tests (p < 0.05) or pairwise
chi-square post hoc analysis (p < 0.017) between the 3
cohorts. Non-parametric variables were analyzed using
Kruskal–Wallis or Mann–Whitney tests, p < 0.05, with
post hoc Dunn’s test using Bonferroni correction (p <

0.05) between the 3 cohorts.
Proportions in the longitudinal analysis were com-

pared pairwise between 4 sequential visits using pair-
wise chi-square tests (p < 0.0125). Perceived risk was
analyzed using repeated measures one way analyses of
variance (ANOVA), with post hoc pairwise comparison
using Bonferroni adjustment (p < 0.05). The associa-
tion between perceived risk of controller medication, cor-
rect controller knowledge, and optimal inhaler technique,
with self-reported ICS adherence, was determined by a
generalized estimated equation.

Since all studies were done in the same area, using
the same recruiting method, some women participated in
more than one study. We performed a sensitivity analysis
by restricting to the first pregnancy, in order to evaluate
the influence of participating multiple times in an asthma
and pregnancy study.

Results

A total of 895 pregnant women were included in the anal-
yses: 85, 299, and 511 women from the 2004, 2007, and
2013 cohorts, respectively. The median number of vis-
its in the longitudinal analysis was 3 [2, 4]. Ninety-five
women from the 2007 cohort underwent a minimum of 4
repeat assessments during pregnancy and an assessment
at 6 months postpartum.

Baseline characteristics are shown in Table 1. Women
participating in the 2013 cohort were older than the
women in the 2004 cohort (p < 0.001) and the 2007
cohort (p < 0.001). Women in the 2013 cohort had a
higher BMI compared to women in the 2004 cohort
(p = 0.003). Women in the 2004 cohort were recruited
later in gestation, and were more likely to smoke
(p < 0.001), compared to the 2007 and 2013 cohort.
In the 2013 cohort, the median ACQ7 score was higher
than in the 2004 cohort (p = 0.004) and the 2007 cohort
(p < 0.001), translating to a higher proportion of women
with uncontrolled asthma compared to the 2004 cohort
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Table . Baseline characteristics of women participating in the  cohort, the  cohort, and the  cohort.

 Cohort N=   Cohort N=   Cohort N=  P value
∗

Maternal age (years) . [., .] . [., .] . [., .] <0.001
b c

Maternal BMI (kg/m) . [., .] . [., .] . [., .] 0.005
b

n=  n= 

Gestational age (weeks) . [., .] . [., .] . [., .] <0.001
a b c

Gravidity . [., .] . [., .] . [., .] .
n=  n= 

Parity . [, .] . [, .] . [, .] .
. n=  n= 

Smoker  (.%)  (.%)  (.%) 0.004
a b

Asthma History

Age at diagnosis of asthma (years)  [, ]  [, ]  [, ] .
n=  n=  n= 

� hospital admissions for asthma past  years  (.%)  (.%)  (.%) 0.027
a c

n=  n= 
� emergency department presentations for asthma past  years  (.%)  (.%)  (.%) .

n=  n= 
� oral corticosteroid use for asthma past  years  (.%)  (.%)  (.%) .

n=  n= 

Asthma control (ACQ) . [., .] . [., .] . [., .] <0.001
b c

n=  n=  n= 

Uncontrolled asthma (ACQ>.)  (.%)  (.%)  (.%) <0.001
b c

FENO (ppb) . [., .] . [., .] . [., .] .
n=  n=  n= 

Spirometry
ǂ

FEV % predicted . [., .] . [., .] . [., .] <0.001
b c

FVC % predicted . [., .] . [., .] . [., .] <0.001
b c

FEV/FVC (%) . [., .] . [., .] . [., .] <0.001
a c

Treatment

Maintenance ICS use  (.%)  (.%)  (.%) 0.017
c

ICS only  (.%)  (.%)  (.%)
ICS/LABA combination  (.%)  (.%)  (.%) .

Maintenance ICS dose among ICS users (BDP equivalent, µg/day)  [, ]  [, ]  [, ] <0.001
a b

n=  n= 

Note. ACQ = asthma control questionnaire; FENO = fractional exhaled nitric oxide; FEV = forced expiratory volume in  second; FVC = forced vital capacity;
ICS= inhaled corticosteroids; LABA= long acting beta-agonists; BDP= beclomethasone diproprionate

Values are expressed as median [interquartile range] or n (%)
∗Kruskaln–Wallis or chi-square appropriately
ǂn=  the  cohort,  the  cohort and  (FEV % predicted),  (FVC % predicted) and  (FEV/FVC) the  cohort
aThe  cohort vs. the  cohort
bThe  cohort vs. the  cohort
cTHE  cohort vs. the  cohort Dunn’s test p< . or chi-square p< ..

(p = 0.001) and the 2007 cohort (p < 0.001). In addition,
among the 2013 cohort participants, % predicted FEV1
and FVC were lower compared to the 2004 cohort (both
p < 0.001) and the 2007 cohort (both p < 0.001); how-
ever, FEV1/FVC was lowest among women in the 2007
cohort (the 2004 cohort p= 0.040 and the 2013 cohort p<

0.001). In a regression analysis of the difference in base-
line ACQ between cohorts, BMI was not identified as a
confounder,while smoking andFEV1/FVC ratiowere sig-
nificant as confounders (data not shown). However, these
results did not alter our conclusion that ACQ was differ-
ent between the cohorts.

A smaller proportion of womenwere prescribedmain-
tenance ICS at baseline in the 2007 cohort compared to

the 2013 cohort (p = 0.009), while women in the 2004
cohort had higher ICS dose compared to the 2007 cohort
and the 2013 cohort (both p < 0.001).

ICS non-adherence

Self-reported non-adherence to ICS at baseline was 40%
in the 2004 cohort, 42% in the 2007 cohort, and 39% in
the 2013 cohort (p = 0.867). During follow-up education
sessions, ICS non-adherence decreased during preg-
nancy from 42% to 23% by visit 5, but increased to 56%
postpartum (the 2007 cohort data only, ICS users
n = 45, p < 0.001 compared to visit 5). ICS non-
adherence was maximally improved after one education
session (p < 0.001 between visits 1 and 2) (Figure 1A).
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Figure . Proportion of ICS non-adherence (A), correct reliever (B) and controller (C) knowledge and optimal pMDI technique (D) among
women in the  cohort (open column), the  cohort (closed column), and overall (line) at pregnancy visits  through  and at
postpartum (PP) visit ( cohort only); gestational age in weeks at Visit   [, ], Visit   [, ], Visit   [, ], Visit   [,
] and Visit   [, ]; Weeks after delivery Visit PP  [, ]; ∗p< ., ∗∗p< . between overall (line).

Medication knowledge

Correct medication knowledge at baseline was 29% in
the 2004 cohort (controller and reliever combined). In
the 2007 cohort correct medication knowledge was 12%
(controller) and 29% (reliever) at baseline, and 14% (con-
troller) and 13% (reliever) in the 2013 cohort (p = 0.627
controller and p < 0.001 reliever between the 2007 and
2013 cohorts). Correct medication knowledge for both
reliever and controller medication increased from 19%
and 15%, respectively, at the first visit to 80% and 71%,
respectively, at the fifth visit (p < 0.001). Overall, correct
knowledge increased significantly after the 2 educational
sessions for controller medication and after the first 3 for
reliever medication. Correct medication knowledge was
sustained 6 months postpartum (2007 cohort data only)
(Figure 1B, C).

Possession of a written asthma action plan

The possession of aWAP remained low between 2004 and
2017: 20% of study participants in 2004, 23% in 2007, and
17% in 2013 (p = 0.136).

Inhaler device technique

Baseline optimal inhaler technique was 48% in the 2004
cohort, 35% in the 2007 cohort, and 25% in the 2013
cohort (p < 0.001) for pMDIs, and 67%, 64%, and 65%,
respectively, for turbuhalers (p = 0.985). Optimal pMDI

technique among the 2013 cohort participants was signif-
icantly lower than the 2004 cohort (p < 0.001) and the
2007 cohort (p = 0.002). The proportion of inadequate
use of pMDI at baseline increased from 37% in the 2004
cohort to 64% in the 2013 cohort. In the longitudinal anal-
ysis (n = 448), optimal pMDI technique increased from
34% at visit 1 to 69% at visit 5, with a significant increase
between visits 1 and 2 (p < 0.001). Optimal pMDI tech-
nique was sustained 6 months postpartum (Figure 1D).

Perceived risk of asthmamedications on the fetus

Perceived risk for reliever medication was lower than for
controller medication, and highest for OCS across all 4
visits (n = 299, 2007 cohort). Baseline perceived risk
was 31% ± 4 for controller medication, 14% ± 3 for
reliever medication, and 48% ± 5 for OCS (Figure 2).
After one education session, perceived risk was reduced
significantly for all medications. Perceived risk for con-
troller medication reduced to 19% ± 3, for reliever medi-
cation to 10% ± 2, and for OCS to 40% ± 5 (p < 0.05) at
visit 2. Additional education sessions did not significantly
lower the perceived risk for any of the asthmamedications
further.

Self-management skills and perceived risk in relation
to adherence

Women with correct controller knowledge were 15%
more likely to report ICS adherence (odds ratio = 1.15,
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Figure . Mean perceived risk of adverse medication effects on the fetus during pregnancy. Graph displays perceived risk values for visits
– and  during pregnancy in the  cohort for  medication classes: reliever (circle), controller (cross), and OCS (diamond); % no side
effect, % severe side effect (e.g., deformity), ∗p< ., ∗∗p< ..

p < 0.001) compared to women with incorrect controller
knowledge. Inhaler technique and perceived risk of con-
trollermedicationwere not related to self-reported adher-
ence (Supplement Table S3).

Sensitivity analyses

In a sensitivity analysis, we excluded 9 (3.0%) women
from the 2007 cohort who had previously participated
in the 2004 cohort and 27 (5.3%) women from the 2013
cohort (26 had participated in the 2007 cohort and 1 par-
ticipated in the 2004 cohort). In the longitudinal analysis,
24 women were excluded, 5 (5.3%) women from the 2007
cohort who previously participated in the 2004 cohort
were excluded, and 19 women from the 2013 cohort were
excluded who previously participated in the 2007 cohort.
Similar results in baseline data and in the longitudinal
data were observed (Supplement Tables S4 and S5).

Discussion

The present study demonstrates that asthma self-
management skills and ICS adherence did not improve in
pregnant women with asthma between 2004 and 2017 in
the Newcastle region, while asthma control worsened. In
addition, the results demonstrate that asthma education
improves self-management skills during pregnancy, with
maximum benefit reaching after one to three education
sessions. Optimal inhaler technique and medication
knowledge were maintained 6 months postpartum.
Asthma education lowers the mother’s perceived risk of
asthma medications on the fetus. However, optimizing
self-management skills or lowering perceived risk of
medication among pregnant women was not associated
with an improvement in adherence.

To our knowledge this is the first study to report ICS
adherence, asthma control, and asthma self-management
skills in 3 cohorts of pregnant women with asthma from

one center over more than a decade, and the first to report
on the number of education sessions required to reach
maximum benefit. Our data indicate that asthma con-
trol between 2004 and 2017 has significantly worsened
in the Newcastle area, resulting in a greater proportion
of pregnant women with uncontrolled asthma in early
pregnancy, even though women with severe asthma were
specifically excluded from the 2013 cohort. Moreover, the
participant lung function has declined, with those in the
2013 cohort having significantly lower % predicted FEV1
and FVC compared to women in the previous studies.
Notably, this apparent asthmaworseningwas not reflected
in the proportion of women taking controller medica-
tion or in ICS dose, nor adherence. Multiple studies have
demonstrated that ICS non-adherence increases the risk
of exacerbations during pregnancy (4,20,21) which may
lead to poor maternal and neonatal outcomes (6). Our
results likely represent the level of poor asthma skills in
the community. The poor rate of WAP possession is clear
evidence for the lack of adequate asthma management in
the primary care setting. This could be the result of less
community awareness campaigns or a poor implementa-
tion of the GP 3+ plan, currently known as the “Asthma
Cycle of Care” (22). Despite national and international
guidelines for asthma management in pregnancy (9,11),
our results demonstrate apparent poor implementation
into antenatal care.

Asthma medication non-adherence is not just a prob-
lem among pregnant women; the adherence rate among
the asthmatic adult population inAustralia is low. In 2015,
Reddel et al. reported an ICS non-adherence rate of 43%
among Australian asthmatics (adults of at least 16 years of
age using ICS more than 5 days per week) (23). Similarly,
we found that over all 3 studies the average non-adherence
among pregnant women with asthma was 42%. In the
study of Reddel et al., 61% of the participants used main-
tenance ICS in the past 12 months, of which 82% used
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combination inhalers (23). Among our participants using
ICS, the use of combination inhalerswas 63%.Our results,
however, represent current use in pregnancy whilst
Reddel et al. report the use in the past 12 months in
a broad population which may have included pregnant
women. Women who are non-adherent pre-pregnancy
might continue their medication behavior during preg-
nancy and beyond. Several other studies show a decrease
in asthma medication prescriptions during pregnancy
compared to pre-pregnancy, which may also reflect
women decreasing their medication, and thereby low-
ering adherence, prior to discontinuation (12,13,24,25).
Pre-pregnancy education is therefore needed to increase
the proportion of women who are adherent during the
first trimester.

In a previous study from our group which recruited
pregnant women with asthma from the antenatal clinic in
Newcastle prior to 2004 (pre-2004 cohort), Murphy et al.
(2005) reported a significant improvement in medication
knowledge after one visit (20 weeks vs. 33 weeks of ges-
tation) (10). The percentage of improvement was simi-
lar to our results of the 2007 cohort between the first and
second visit, 35% in the pre-2004 cohort versus 30% (con-
troller) and 33% (reliever) among the 2007 cohort. How-
ever, the improvement among women in the 2013 cohort
was lower than in the pre-2004 cohort, 15% (controller)
and 27% (reliever).

A recent literature review by Bonham et al. surmised
the components of effective asthma therapy in pregnancy,
which includes inhaler technique, WAP possession, and
an emphasis in education sessions on perceived risk of
asthma medication on the fetus and the risks of discon-
tinuing medication (26). This was the first study to report
the effect of repeat education on self-management skills
during pregnancy.We have demonstrated that repeat edu-
cation sessions during pregnancy improved all asthma
self-management skills: 3 sessions were needed for opti-
mizing correct medication knowledge, 2 educational ses-
sions for optimizing inhaler technique, and 1 educational
session was sufficient to significantly lower perceived risk
of asthma medications on the fetus. However, we were
not able to reach complete benefit through education
alone. Further research is needed to determine whether
additional strategies enhance the effect of asthma educa-
tion during pregnancy.

Several studies have reported on the influence of edu-
cation on asthma medication adherence among non-
pregnant adults (27). Normansell et al. recently per-
formed a meta-analysis on 7 studies administering an
educational intervention and reported an improvement
in percentage of doses taken of 12% (3.7, 19.5) among
adolescents and adults with asthma (follow-up var-
ied between 10 and 26 weeks) (27). We found an

improvement of 14% in doses taken between visits 1 and
4 (approximately 12 weeks’ difference); however, between
visit 4 and the postpartum visit (6 months after deliv-
ery), the adherence rate declined by 24%. The postpartum
period is a unique time of life when a woman may be less
likely to have the time or motivation to concentrate on
her own health. Alternatively, asthma may improve post-
partum leading to a perception of less need for medica-
tion (28). Further research is needed to determine reasons
for this change in behavior and to determine strategies to
improve adherence postpartum. Our results indicate that
the prepartum and postpartum periods may be particu-
larly vulnerable to non-adherence and poor asthmaman-
agement skills.

Azzi et al. reported a 26% improvement in correct
inhaler technique after one visit among non-pregnant
adults with asthma (29). We found an improvement of
19% after one visit, with a total improvement during
pregnancy of 35% in optimal use of the pMDI. Opti-
mal inhaler technique was sustained 6months after deliv-
ery. By combining adequate and optimal technique as
correct inhaler technique, we found a similar improve-
ment of 38% between baseline (49%) and visit 5 (87%).
Optimal inhaler technique is a key component in reduc-
ing asthma symptoms and thereby increasing asthma
control (30). Regular assessment of inhaler technique
might contribute to better asthma control during preg-
nancy, as poor inhaler technique lowers drug delivery
and thereby may lead to a reduced effect of the asthma
medication (31).

Attitudes to asthma medication are believed to be
an important factor influencing adherence behavior.
Perceived risk for ICS was higher than for reliever
medication at all visits, as we previously reported in a
sub-group from the MAP study (32). Lim et al. con-
ducted qualitative interviews with pregnant asthmatic
women and reported that women would rather use more
reliever medication and reduce ICS use than continue
with their pre-pregnancy controller treatment (33). This
suggests that attitudes towards steroid-based medica-
tions being unsafe during pregnancy still exist and are
contributing towards non-adherence. Similarly, our data
demonstrated that women had a higher perceived risk
for corticosteroid-based medications (OCS, followed by
ICS), compared to reliever medications. However, we did
not find an association between perceived risk and self-
reported non-adherence. Our adherence measure might
be inadequate to detect such an association since it did
not discriminate between the different adherence pheno-
types, intentional and accidental non-adherence (34).

A strength of our analysis is that these data come from
almost 900 pregnant women with asthma. By combining
3 cohorts from the same area, we were able to analyze
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trends in time regarding asthma control and lung function
among women in early-mid pregnancy. Throughout all 3
studies, inhaler technique and ICS non-adherence were
assessed using the same methods, resulting in compara-
ble outcomes. Furthermore, we were able to demonstrate
that optimal inhaler technique and medication knowl-
edge acquired during pregnancy are sustained for at least
6 months postpartum. We also were able to demon-
strate that ICS use and adherence do not remain after
pregnancy.

There were some limitations in this study; none of the
studies were RCTs of an educational intervention, so there
is no control group who did not receive education. In
all 3 studies, adherence was self-reported; thus there is
risk of social desirability bias which may have resulted
in an overestimation of the adherence rate. Secondly,
the decrease in lung function we observed may be par-
tially explained by the increasing BMI over time. Among
the women in the 2004 cohort study, there were more
smokers than in the 2007 cohort and the 2013 cohort,
which likely reflects reduced community smoking preva-
lence rather than a difference in socio-economic status
between the cohorts (1). Thirdly, the number of women
with a postpartum visit in the 2007 cohort was small
(n = 45) so the results of the postpartum analysis should
be interpreted with caution. Lastly, we cannot fully access
the effect of education on the perceived risk of OCS on the
fetus as this was not part of the educational session if the
women in question did not receive OCS at that time.

In conclusion, asthma self-management skills includ-
ing ICS adherence did not improve between 2004
and 2017 among pregnant women with asthma. Non-
adherence remains high and written action plan posses-
sion remains low in this population of pregnant women
with asthma. The use ofmaintenance ICS remained stable
while asthma control and lung function declined. Asthma
education in pregnancy is beneficial. Maximal improve-
ment in self-management skills was reached after 3 repeat
education sessions; however, further research is needed to
investigate whether additional strategies can provide fur-
ther benefit.
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