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Inhaled corticosteroids (ICS) are the cornerstone of maintenance asthma therapy. However, in spite of
this, adherence to ICS remains low. The aim of this systematic literature review was to provide an
overview of the current knowledge of adherence to ICS, effects of poor adherence, and means to improve
adherence. A total of 19 studies met the inclusion criteria: 9 focusing on the level of adherence, 6 focusing
on effects of poor adherence, and 7 focusing on interventions to improve adherence. Three of the studies
focused on more than one of these end points. The mean level of adherence to ICS was found to be
between 22 and 63%, with improvement up to and after an exacerbation. Poor adherence was associated
with youth, being African-American, having mild asthma, < 12 y of formal education, and poor communication with the health-care provider, whereas improved adherence was associated with being
prescribed fixed-combination therapy (ICS and long-acting ␤2 agonists). Good adherence was associated with higher FEV1, a lower percentage of eosinophils in sputum, reduction in hospitalizations, less
use of oral corticosteroids, and lower mortality rate. Overall, 24% of exacerbations and 60% of asthmarelated hospitalizations could be attributed to poor adherence. Most studies have reported an increase
in adherence following focused interventions, followed by an improvement in quality of life, symptoms,
FEV1, and oral corticosteroid use. However, 2 studies found no difference in health-care utilization, one
observed no effect on symptoms, and one observed more symptoms in subjects in the intervention group
compared with the control group. Good adherence to ICS in asthma improves outcome but remains low.
Interventions to improve adherence show varying results, with most studies reporting an increase in
adherence but unfortunately not necessarily an improvement in outcome. Even following successful
interventions, adherence remains low. Further research is needed to explore barriers to adherence and
interventions for improvement. Key words: asthma; adherence; controller medication; inhaled corticosteroids; asthma control; outcome. [Respir Care 2015;60(3):455–468. © 2015 Daedalus Enterprises]
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Introduction
Asthma is one of the most common chronic diseases,
and it is estimated that ⬎ 300 million people suffer from
asthma worldwide,1 which has great impact on socioeconomics. Accordini et al2 have estimated the mean total
cost of an asthma patient to be $1,583 per year, comprising
direct medical expenses, lost school days and workdays,
and premature deaths. The prevalence of asthma varies
between 7% in low-prevalence countries3 to ⬎ 15% in
other western societies, where it seems to be increasing
among adolescents.4
Inhaled corticosteroids (ICS) are the cornerstone of maintenance therapy for asthma.5 Multiple studies have shown
ICS to improve symptoms and reduce asthma-related morbidity and mortality,6-8 but despite this, a high number of
patients being treated according to guidelines remain difficult to control with frequent exacerbations and persisting
symptoms.9 One of the plausible reasons for poorly controlled asthma may be that patients with asthma tend to
exhibit poor adherence.10 Poor adherence to controller medication may lead to a decline in lung function,11 poor symptom control,12 and increased risk of asthma-related hospitalizations.13 Furthermore, poorly controlled asthma also
places a much larger burden on the national economics
compared with guideline-defined well-controlled asthma.2
The high percentage of patients not taking their ICS as
prescribed also poses a challenge for health-care providers
in identifying patients suffering from treatment-resistant
or refractory asthma, which is generally defined as asthma
not responding to high-dose therapy.9 This could lead to
non-adherent patients being prescribed newer and often
more expensive medications, which are reserved for patients with moderate-to-severe asthma who are uncontrolled
on high-dose ICS and long-acting ␤2 agonists,14 even
though it is likely that they would have achieved comparable asthma control with optimal adherence to ICS instead.
The purpose of this review was to assess current knowledge on adherence to ICS in patients with asthma, focusing on the level of adherence, impact of poor adherence on
symptoms and asthma outcomes, and possible effects of
interventions aimed at improving adherence.
Methods
To perform this review, the general principles of the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines15,16 were adopted. A planned
series of systematic searches were carried out (last updated
April 2014) using the PubMed, Embase, Cochrane Central
Register of Controlled Trials, and ClinicalTrials.gov databases with the following algorithm of MeSH terms: asthma,
asthma-like symptoms AND adherence, compliance, con-
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troller medication, maintenance therapy, ICS. These
searches were repeated with these terms in combination
with lung function, FEV1, hospitalization, respiratory
symptoms, nocturnal asthma, severe asthma, mortality,
asthma control, systemic corticosteroids, induced sputum,
and asthma exacerbation. All searches were limited to English-language publications. Studies were included if they
met all the following criteria: (1) enrollment of adult subjects with asthma; (2) assessment of at least one of the
following outcome variables: level of adherence in asthma,
effects of poor adherence on asthma outcomes, and possible effects of specific interventions; and (3) exclusion of
patients with COPD, concomitant heart disease, or other
serious chronic diseases. As the methods and results could
not be fully assessed, clinical trials published only in abstract form were excluded from this review. Primarily due
to the relatively limited number of published clinical trials
fulfilling all inclusion criteria, a meta-analysis was not
included in this review.
Review of the Literature
A total of 19 studies, comprising 26,563 subjects, fulfilled the inclusion criteria and were included in this review. Of these 19 studies, 9 studies assessed the level of
adherence to ICS, 6 studies assessed the effects of poor
adherence on asthma outcomes, and 7 studies focused on
the possible effects of interventions aimed at improving
adherence. Three of the studies focused on more than one
of these end points.
Adherence to ICS in Asthma: A Clinically Important
Issue?
Williams et al17 conducted a study based on 1,064 subjects with a doctor’s diagnosis of asthma and at least one
electronic prescription for ICS over an 18-month period
(Table 1). Adherence was calculated as the total number of
days of supplied medicine divided by the number of days
of observation (continuous multiple-interval measure of
medication availability [CMA]) by linking the electronic
prescriptions with the prescription fill information. The
number of days a canister would last was calculated by
dividing the canister size (the number of puffs) by the
prescribed number of puffs/d. In order not to underestimate or overestimate adherence, a minimum of 3 months
of follow-up was required, giving a denominator ⱖ 90 d.
To account for pre-existing medication surplus, the previous 3 months’ ICS prescription fills were examined, and
the index date was moved back accordingly when a possible surplus was found. On average, adherence in the
entire population was 46%. However, 8% of the cohort
never filled the prescriptions and was therefore classified
as being non-adherent. Based on the level of adherence,
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Studies Investigating the Level of Adherence to ICS in Adults With Asthma

Study

Subjects
(n)

Adherence
Measure

Average
Adherence (%)

Williams et al17

1,064

CMA

46

Williams et al18
Williams et al19
Murphy et al20

298
176
115

CMA
CMA
CMA

26
50

Gamble et al21

182

CMA

Bender et al22

5,504

CMA

Hwang et al23
Ulrik et al24

108
509

MPR

50

MDI

Apter et al25

22

63

Other Findings
Poor adherence was associated with being young and African-American and having
milder asthma.
Adherence improved in the time up to and after exacerbations.
Adherence of ⬍ 80% was found in 65% of subjects. Adherence was better in
subjects prescribed fixed-combination therapy (ICS and long-acting ␤2 agonists)
compared with combination therapy (ICS and long-acting ␤2 agonists prescribed
in separate inhalers).
Adherence of ⬍ 50% was found in 35% of subjects, with 12% continuing to claim
good adherence despite evidence of non-adherence.
The highest observed adherence was 26%, and only 8.8% of subjects persisted with
ICS throughout 1 y.
Adherence was ⬎ 75% in 23% of subjects.
A total of 67% subjects were prescribed ICS, although 86% should have been
prescribed ICS based on asthma severity; 68% changed their ICS dose without
contacting their general practitioner.
Poor adherence was associated with poor communication with the health-care
provider and ⬍ 12 y of formal education.

ICS ⫽ inhaled corticosteroids
CMA ⫽ continuous multiple-interval measure of medication availability
MPR ⫽ medical possession ratio
MDI ⫽ metered-dose inhaler

the remaining subjects were classified as either poor-tomoderate adherent (adherence of ⬍ 80%) or adherent (adherence of ⬎ 80%). Subjects classified as being nonadherent or poor-to-moderately adherent were more likely
to be young and African-American. However, these subjects also had lower comorbidity scores and less use of
short-acting ␤2 agonists and oral corticosteroids in the
previous year, suggesting that these subjects may have
milder asthma compared with the more adherent subjects.
Surprisingly, however, Williams et al17 found no difference between these groups with regard to number of visits
to out-patient clinics or, more interestingly, number of
emergency room visits or hospitalizations.
In 2 additional studies, Williams et al18,19 also reported
an average adherence to ICS at or below 50% (see Table
1). In the first of these studies,18 they calculated CMA
prior to and following the index health-care contact to
assess changes in adherence before and after an exacerbation. An exacerbation was defined as a visit to the emergency room, hospitalization, or a rescue course of oral
steroid, and the participants were recruited from the Study
of Asthma Phenotypes and Pharmacogenomic Interactions
by Race-Ethnicity (SAPPHIRE). The authors reported a
change in adherence from 19% in the 60 d before an
exacerbation to 32% in the 160 d after.
In the second of these studies, Williams et al19 calculated the CMA for 176 asthma subjects enrolled in large
health-maintenance organizations for at least 2 y after the
index year (see Table 1). The CMA was found to be
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50 ⫾ 37% (mean ⫾ SD). Furthermore, the authors also estimated the continuous multiple-interval measure of medication gaps (CMG) as the total number of days of treatment gaps divided by the total number of days between
refills during the observation period to 54 ⫾ 27%. CMA
and CMG were calculated based on the first and last ICS
prescription fills during the study period, with a requirement of a 2-fill minimum in that period.
Murphy et al20 studied the level of adherence to ICS in
115 subjects regularly attending a specialized difficult
asthma clinic (see Table 1). Adherence was calculated as
CMA based on prescription data from their general practitioners and the hospital’s dispensing system. Suboptimal
adherence (⬍ 80% of the medication taken) was found in
65.2% of the total population. Of the subjects prescribed
fixed-combination therapy with ICS and long-acting ␤2
agonists, 62.4% had poor adherence, whereas 85.7% of the
subjects prescribed ICS and long-acting ␤2-agonists in separate inhalers had adherence of ⬍ 80%. In the latter group,
adherence to long-acting ␤2 agonists was much better (50%)
than to ICS (14.3%). Therefore, these findings strongly
suggest that patients with asthma requiring treatment with
a combination of ICS and long-acting ␤2 agonists should
be prescribed fixed-combination therapy.
Gamble et al21 investigated adherence to ICS in 182
subjects also referred to a specialized clinic for difficult
asthma (see Table 1). Thirty-five percent of the subjects
filled ⱕ 50% of their ICS prescriptions. Women were significantly more likely to be non-adherent than men. When
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subjects were confronted with the evidence for non-adherence, 88% admitted not using their ICS as prescribed,
whereas the remaining 12% continued to claim good adherence despite the prescription records.
Bender et al22 studied filled ICS prescriptions for 1 y in
5,504 subjects with asthma and reported an average adherence to fixed-combination therapy with salmeterol/fluticasone of 22.2% (see Table 1). Furthermore, more than
half of the subjects (58.9%) filled their prescriptions only
once in the 12-month study period. Men were slightly
more adherent than women (23% vs 21%), whereas younger
subjects had poorer adherence than older subjects (⬍ 20%
adherence in the 12–35-y-old group and ⬎ 20% adherence
in the ⬎ 35-y-old group).The highest adherence was observed in subjects ⬎ 70 y of age, although it was only
26%. Other factors associated with poor adherence were
low-dose ICS and lower medication costs. The former
finding is probably because subjects prescribed higher doses
of ICS experienced more symptoms and thus were more
likely to fill their prescriptions. Furthermore, Bender et al22
also studied persistence with ICS, defined as the percentage of subjects who continued filling their prescriptions
throughout the year. They found that only 8.8% of the
subjects persisted with their controller therapy, and low
persistence was associated with gender (women had a 9.2%
higher risk of discontinuation compared with men,
P ⫽ .002) and age (subjects ⬍ 55 y of age were more
likely to discontinue treatment than those ⬎ 70 y of age,
P ⬍ .001).
Hwang et al23 studied 108 subjects ⬎ 60 y of age with
a diagnosis of asthma (see Table 1). The enrolled subjects
were grouped according to their asthma control, as defined
by the Asthma Control Test, into group I with a score of
⬍ 19 (poor control) and group II with a score of ⬎ 19
(good control). Adherence of ⬎ 75% was observed in 29%
of subjects in group I and 20% in group II. Average adherence for all included subjects was 23%.
Ulrik et al24 performed a cross-sectional study of 509
adults with asthma, all members of an internet-based panel
(see Table 1). The subjects filled out a 41-item questionnaire regarding their knowledge of asthma, disease monitoring, treatment, adherence, and attitudes toward treatment, both in general and with specified treatment options.
Based on their symptoms, a total of 86% of the subjects
met the criteria for having ICS prescribed as preventive
therapy, but only 67% were prescribed ICS. The subjects’
knowledge of asthma was good in general, with a large
proportion of subjects understanding that asthma is a
chronic inflammatory disease, varying over time, and that,
as recommended in guidelines at the time of the study,
controller medication should be increased with increasing
symptoms and increased need for reliever medication. Overall, 68% adjusted (ie, increased or reduced) their ICS dose
without prior contact with their physician, and ⬎ 50%
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decreased their ICS dose when experiencing fewer symptoms. Although 59% knew that they were supposed to
increase their ICS dose when experiencing worsening of
asthma symptoms, only 23% did so. No association was
found between self-believed disease severity and response
to an episode of worsening symptoms.
Apter et al25 assessed possible factors contributing to
poor ICS adherence (see Table 1). The adherence of a total
of 50 adults with moderate-to-severe asthma was monitored for 42 d using a metered-dose inhaler, which recorded every actuation of the inhaler. Only the data from
the last 5 weeks were used to rule out any enrollment
effect in the first week. Prior to the test period, subjects
filled out questionnaires on lifetime number of hospitalizations for asthma, admittance to an ICU for asthma,
number of sick-leave days due to asthma in 1 y, symptoms, and use of oral steroids 6 months prior to enrollment. After the study period, the subjects’ knowledge of
asthma pathophysiology and asthma medication effects was
assessed, as well as their thoughts on controller medication
effects and convenience and their perception of the level
of communication with their physician. Average adherence to ICS was 63%, and 54% of the subjects had an
adherence of ⬎ 70% with the prescribed dose of ICS. In a
multivariate analysis, the only factors individually contributing to poor adherence were ⬍ 12 y of formal education
(odds ratio of 6.72) and poor communication with the
physician, assessed by a questionnaire developed for this
purpose (odds ratio of 1.2). The authors also described
different patterns of non-adherence, corresponding to the
subjects’ beliefs about the effects and convenience of ICS.
Some subjects took the prescribed dose with each use but
forgot to use the medication as often as prescribed, whereas
others took a lower dose than prescribed and less often
than prescribed. Some subjects also used a higher dose
than prescribed at some point.
In summary, the 9 studies reviewed in this section all
showed adherence to ICS to be less than optimal, ranging
from 22 to 63%. Factors associated with poor adherence
were youth, being African-American, having milder
asthma, ⬍ 12 y of formal education, and inadequate communication with the health-care provider. Furthermore,
these studies also revealed that poor adherence presented
in several forms, including use of lower doses than prescribed and less persistence with the prescribed controller
medication. Therefore, these studies clearly show that adherence to controller medication is a major and clinically
important issue in asthma management.
Does Better Adherence to ICS Improve Asthma
Outcomes?
In the study mentioned above by Murphy et al,20 subjects with adherence of ⬎ 80% had a significantly higher
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Studies Investigating the Association Between Adherence to ICS and Asthma-Related Outcomes

Study

Subjects
(n)

Williams et al18

298

Williams et al19

176

Murphy et al20

115

Suissa et al26

3,894

Suissa et al27

2,747

Bateman et al28

1,058

Results
A 25% increase in adherence resulted in 11% less risk of a negative outcome, and 24% of all
exacerbations could have been avoided by optimal adherence.
CMA was negatively associated with poor asthma outcome. A 25% increase in CMA gave a 25%
reduction in the number of rescue courses of oral corticosteroids. Of all asthma hospitalizations, 60%
could be attributed to non-optimal ICS adherence.
Subjects with adherence of ⬎ 80% had higher FEV1 and lower percentage of sputum eosinophils. No
difference was found regarding symptoms or exacerbations.
Regular ICS use was associated with a 31% reduction in hospitalizations and a 39% reduction in rehospitalizations.
The rate of death from asthma in ICS users decreased by 54% for each additional canister used in the
6 mo prior to the index date. The death rate was higher in the 3 mo after discontinuing ICS.
Achieving guideline-based asthma control was associated with near-optimal quality of life.

ICS ⫽ inhaled corticosteroids
CMA ⫽ continuous multiple-interval measure of medication availability

percent-predicted FEV1 and lower percentage of sputum
eosinophils compared with subjects with a lower level of
adherence (Table 2). No difference was found with regard
to symptoms (assessed by the Asthma Control Questionnaire [ACQ]29), hyperventilation (assessed by the Nijmegen questionnaire30), or anxiety and depression (assessed
by the Hospital Anxiety and Depression Scale31). Furthermore, when looking at the previous year, they found no
significant differences in the number of rescue courses of
oral corticosteroids or hospital or ICU admissions due to a
severe asthma exacerbation. However, they observed that
poor adherence was an independent predictor of a previous
episode of mechanical ventilation due to severe asthma.
From 1999 to 2001, Williams et al19 calculated CMA
and CMG for 176 subjects with asthma and assessed the
potential negative outcomes associated with poor adherence (see Table 2). The outcomes of interest were courses
of oral corticosteroids, asthma-related contacts with an
out-patient clinic or emergency department, and asthmarelated hospitalization within a 2-y follow-up period. To
calculate adherence, a minimum of 2 prescriptions had to
be filled during the study period. Patients with ⬍ 2 filled
prescriptions were excluded from the analyses, but the
available information suggested that these patients had
milder asthma, as indicated by lower use of oral corticosteroids and rescue short-acting ␤2 agonists and fewer
asthma-related hospitalizations. Among the 176 subjects
included, the mean CMA was 50%, and the mean CMG
was 54%. CMA was negatively associated and CMG was
positively associated with poor asthma outcomes. Both
CMA and CMG significantly correlated with use of oral
corticosteroids (both number of filled prescriptions and
total days prescribed), asthma-related hospitalizations, and
asthma-related visits to an emergency department. Based
on their findings, the authors suggested that CMG may be
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a slightly better indicator of the association between adherence and negative asthma outcomes compared with
CMA. After adjusting for age, gender, ethnicity, and number of filled prescriptions for short-acting ␤2 agonists and
ICS (as a measure of asthma severity), a 25% increase in
CMG was found to double the risk of asthma-related hospitalizations (relative risk of 2.01). Lastly, their study revealed that a 25% increase in CMA gave a 25% reduction
in the number of filled prescriptions for oral corticosteroids. On the basis of their observations, Williams et al18
concluded that 60% of all asthma-related hospitalizations
could be attributed to non-optimal ICS adherence and,
furthermore, that it is not only total use of ICS that is
important but also continuous use of ICS.
Asthma is known to be a fluctuating disease, with periods of fewer symptoms as well as periods with worsening symptoms and, in some cases, exacerbations. Williams
et al18 therefore hypothesized that adherence to ICS likewise would be changing over time. They investigated
changes in ICS adherence and how adherence relates to
asthma exacerbations, defined as asthma-related hospitalizations, contact with an emergency room, or rescue course
of oral corticosteroids. The enrolled subjects were part of
the SAPPHIRE study, as described by Jin et al.32 All subjects had a diagnosis of asthma, medical and pharmacy
coverage, and a minimum of one ICS prescription filled
during the study period. Patients were excluded if they had
congestive heart failure or COPD. A total of 298 subjects
were enrolled in the study, and mean adherence at baseline
was 26%. The study revealed an improvement in adherence up to and after the first exacerbation. Although this
could be interpreted as a positive association between good
adherence and exacerbations, further analyses, after adjusting for asthma severity (including use of rescue shortacting ␤2 agonists, level of FEV1, and bronchodilator re-
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versibility) and prior exacerbations (rescue courses of oral
steroids, emergency room visits, and hospitalizations), revealed that good adherence had a protective effect on exacerbations. In fact, every 25% increase in adherence gave
11% less risk of having one of the negative asthma-related
outcomes. However, after dividing the subjects into groups
based on asthma control at baseline and level of adherence, Williams et al18 found the effects to be statistically
significant only in the group with poor initial asthma control and in subjects with ⬎ 75% adherence to ICS. Overall,
the authors found that 24% of all asthma exacerbations in
the study could have been avoided with optimal ICS adherence.
In 2002, Suissa et al26 studied a Canadian cohort comprising 30,569 subjects 5– 44 y of age, with at least 3 ICS
prescriptions during a 16-y period (see Table 2). All enrolled subjects were followed from their first ICS prescription to their 55th birthday, death, moving to another province, end of health-care coverage, or December 31, 1997,
whichever came first. The minimum duration of follow-up
was 1 y, and data were analyzed for 2 groups: all subjects
and subjects who were admitted to a hospital during the
first year after their first prescription. The index date was
365 d after being enrolled in the study or after the first
hospitalization, and the index year was the year preceding
the index date. In the first group (full cohort), there were
3,894 subjects who had been admitted to a hospital, giving
an overall hospitalization rate of 42 per 1,000 asthma subjects per year. In the second group (n ⫽ 5,894, subjects
with a hospitalization in the first year of follow-up), 1,886
subjects were readmitted at some point during follow-up,
giving a total readmission rate of 153 per 1,000 asthma
subjects per year. The assessment of adherence to ICS was
based on prescriptions in the index year. The subjects were
divided into 2 groups: regular ICS use (minimum of one
ICS canister filled each quarter of that year) and irregular
ICS use (any other pattern of filled prescriptions). The
study showed that regular use of ICS was associated with
a 31% reduction in asthma-related admission to hospitals
in the entire cohort and a 39% reduction in the second
cohort compared with irregular use.
In the same cohort, Suissa et al27 also investigated asthma-related deaths (see Table 2). Every death in a total
cohort of 30,569 subjects was assessed individually by 2
pulmonary physicians, who reviewed all death certificates
to identify deaths caused by asthma. The subjects who
were determined by both physicians to have died from
asthma were each matched with all controls from the cohort who met pre-specified criteria (eg, time of entry, follow-up time, previous hospitalizations, and use of rescue
short-acting ␤2 agonists and oral corticosteroids). Adherence to ICS was determined based on the total number of
canisters dispensed 12 months before and 6 months after
the index date. Regular ICS users were defined as de-
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scribed above, whereas irregular users were divided into 3
groups based on whether they discontinued ICS 3, 6, or
9 months prior to the index date. To determine a possible
dose-response effect, the subjects were stratified into 3
groups: no ICS use, use of less than half a canister per
month, and use of half a canister or more per month. Of
the 562 deaths in the cohort, 77 were classified as being
caused by asthma. Eleven cases were excluded for various
reasons, leaving 66 cases matched with 2,681 controls in
the final cohort. All subjects in the final cohort were classified as having severe asthma. Use of half a canister or
more per month gave an adjusted rate ratio of 0.15 for
asthma-related death. Based on the dose-response analysis, the rate of death from asthma in ICS users decreased
by 21% for each additional canister used in the year prior
to the index date and by 54% for each additional canister
used in the 6 months prior to the index date. Finally, the
study also revealed a significant higher rate of death in the
3 months after discontinuing ICS, with similar although
not statistically significant findings for longer periods of
discontinued use.
In the Gaining Optimal Asthma Control (GOAL) study,
Bateman et al28 showed that with step-up therapy, it is
possible in the majority of cases to achieve guidelinedefined good asthma control (see Table 2). They wondered, however, if achieving the guideline-defined treatment goal correlated with a subjective improvement in the
patients’ quality of life, and therefore, they performed a
retrospective analysis of 3 studies with a total of 1,058
subjects.33 Asthma control based on the Global Initiative
for Asthma (GINA) guidelines was assessed by looking at
subjects’ diary cards (symptoms, use of ␤2 agonists, morning peak expiratory flow [PEF]) and case record forms
(hospitalizations, reported adverse effects). The subjects
were classified as well controlled or not well controlled
based on the findings 5–12 weeks after randomization.
Quality of life was assessed with the Asthma Quality of
Life Questionnaire (AQLQ), with an overall score of 7
meaning no impairment in quality of life due to asthma.
Subjects achieving asthma control according to guidelines
scored higher on the AQLQ than the subjects who were
not well controlled. Regardless of the treatment intervention, the AQLQ score averaged 6 or higher in the wellcontrolled group, except for one group in one of the studies. With regard to improved quality of life (not the total
AQLQ score), the group that significantly improved scores
(⬎ 0.5) had a higher proportion of subjects who achieved
good asthma control compared with the group with an
AQLQ score improvement of ⬍ 0.5. Bateman et al5,28 concluded that improving patient asthma control as recommended in the GINA guidelines5 is associated with a nearoptimal quality of life for the majority of well-controlled
patients.
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Studies Investigating the Effects of Interventions Aimed at Improving Adherence to ICS in Adults With Asthma and the Effect on
Asthma Outcomes

Study

Subjects
(n)

Rasmussen et al34

300

Araújo et al35

Vollmer et al36

21

8,517

Intervention

Results

Internet-based management tool vs general
practitioner or specialist out-patient
clinic care

Greater improvement in lung function, symptoms, and
quality of life was observed in the intervention group.
All groups had an increase in adherence, with
significantly more in the intervention and specialist
groups.
Significant improvement in quality of life was observed
in both groups, with no improvement in other
outcomes, apart from a reduction in FENO in the webbased intervention group. A total of 57% of the
subjects in the web-based group wanted to continue
using the web-based tool.
A significant increase in adherence in the intervention
group was observed. Of the subjects in the
intervention group, 50% wanted to continue receiving
calls, and 33% felt their asthma was better controlled
due to the calls.
Significantly higher CMA at the 1-y follow-up was
observed in the shared decision-making group. No
difference in quality of life was found between
groups, but a higher percentage of subjects in the
shared decision-making group had an increase of
⬎ 0.5 in the mini-AQLQ. No difference in healthcare utilizations was found between groups.
Subjects with negotiated plans had an odds ratio of 2.4
for ICS adherence usually or sometimes and had 17%
more days and 31% more nights without symptoms
than those without a plan. No differences in contacts
with hospitals or general practitioners were found.
Adherence improved in the intervention group and
decreased in the control group. The control group had
an increase in use of maintenance oral prednisolone
compared with a reduction in the intervention group.
Over 90% of the subjects attended each session. No
significant difference was found in asthma control
achieved, days with symptoms, or use of rescue
medication.

Web-based vs paper-based selfmanagement strategies

Interactive voice recognition calls

Wilson et al37

612

Shared decision-making vs clinician
decision-making

Clark et al38

808

Asthma care plan developed together with
physician

Gamble et al39

239

Up to 8 educational and motivational visits
with a specialist nurse

Ulrik et al40

361

Three ⬃60-min compliance enhancement
training sessions

ICS ⫽ inhaled corticosteroids
FENO ⫽ fraction of exhaled nitric oxide
CMA ⫽ continuous multiple-interval measure of medication availability
AQLQ ⫽ Asthma Quality of Life Questionnaire

In all 6 studies reviewed in this section, it was determined that good adherence to ICS was beneficial for subjects with asthma. One study showed an improvement in
FEV1 and a lower percentage of eosinophils in sputum,
although no significant subjective effects were found. The
other studies found that good adherence to ICS had a
positive impact on asthma-related mortality and the number of courses of oral steroids and, furthermore, that 24%
of asthma exacerbations and 60% of asthma-related hospitalizations could be attributed to poor adherence to ICS.
This clearly indicates that good adherence to ICS improves
asthma-related outcomes, a fact that should be properly
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emphasized to both patients and health-care providers involved in asthma management.
How Can We Improve Adherence to ICS? Which
Interventions Work?
In a study from Denmark, Rasmussen et al34 investigated the effect of an internet-based management tool on
asthma outcomes (Table 3). A total of 300 subjects with
asthma, as defined by the American College of Allergy,
Asthma and Immunology asthma questionnaire,41 were recruited. The subjects were randomized to standard asthma

461

ASTHMA

AND

ADHERENCE

care by their general practitioner, treatment by specialists
in pulmonary medicine in an out-patient clinic, or specialist treatment through an internet-based management tool.
At the time of enrollment and at the end of the 6-month
trial period, all subjects had scheduled appointments at the
out-patient clinic for clinical interview, questionnaires,
bronchial challenge testing (methacholine), and spirometry. Subjects randomized to the general practitioner group
were asked to provide their general practitioner with the
test results obtained prior to randomization, and for the
remaining part of the study period, these subjects were
managed solely by their general practitioner, and no additional information or treatment advice was provided by
secondary care. In the specialist group, subjects were treated
according to the severity of their asthma. They were given
a written action plan with a 3-color system based on PEF
and symptoms, and they were taught how to adjust their
treatment according to symptoms and PEF measurements.
In the internet group, subjects were instructed to fill out
electronic diary cards with symptoms, PEF, and use of
rescue short-acting ␤2 agonists, and the internet management tool then gave the subjects a written treatment plan
based on the same 3-color system as in the specialist group.
During the study period, 47 subjects dropped out, evenly
distributed among the groups. Baseline characteristics revealed no significant differences between groups. At follow-up, there was a significantly better improvement in
lung function, symptom scores, and quality of life in the
internet group compared with the other 2 groups, whereas
no significant difference was found between the specialist
out-patient care and the general practitioner groups. ICS
use was reported by the subjects and was not measured
objectively. At baseline, 51% of the subjects did not take
any medication for their asthma. All groups showed an
increase in ICS use at follow-up, but significantly more
subjects in the specialist and internet groups used ICS at
follow-up. The internet, specialist, and general practitioner
groups provided self-reported good adherence (taking the
ICS always/almost always) rates of 87, 79, and 54%, respectively.
Araújo et al35 compared a web-based and a paper-based
self-management strategy in terms of feasibility, safety,
and clinical efficacy (see Table 3). A total of 21 adults (19
completed the study) with moderate-to-severe asthma who
were prescribed ICS and had an FEV1 of ⬎ 50% of predicted were randomized to a treatment sequence consisting
of two 4-week periods with each intervention. Quality of
life and asthma control were assessed before and after
each intervention using the AQLQ, mini-AQLQ, and
ACQ-5. A physical examination, spirometry, and measurements of the fraction of exhaled nitric oxide (FENO)
were also included. No differences in baseline characteristics were observed between groups. Subjects were instructed in how to use the monitoring instruments, the
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web-based application, and the paper-based diary and action plan and to fill in the relevant information once daily,
just before taking their ICS. In the web-based strategy
Portal for Assessment and Self-Management of Asthma,
the subjects recorded FEV1, PEF, symptoms, and exacerbations and received immediate graphic and written feedback based on their personal action plan designed by their
physician. In the paper-based strategy, the subjects filled
out asthma diary cards and had a written action plan similar to the one in the internet application. No significant
differences in clinical outcomes (FEV1, PEF, AQLQ, ACQ,
and FENO) were found between the 2 interventions. Both
groups had a significant improvement as assessed by the
AQLQ and ACQ, whereas no significant improvement in
lung function was observed. A significant reduction in
FENO was seen following the internet-based intervention
only, from 49 parts/billion at baseline to 33 parts/billion at
post-internet intervention, corresponding to a 32% reduction that, according to Dweik et al,42 indicates a significant
response to anti-inflammatory treatment. Adherence to the
paper-based strategy was significantly greater compared
with the internet-based strategy, but adherence in the 2
groups was comparable with regard to lung function monitoring as well as time used for disease monitoring. Subjects’ preferences and opinions regarding the monitoring
tools were also assessed based on open-ended questions,
questionnaires, and short interviews. Two subjects gave
negative ratings to the web-based tool, and 11 subjects
gave negative ratings to the paper-based system; 12 subjects (57%) were very interested in continuing use of the
web-based system, and 2 wanted to keep using the paperbased monitoring. The small number of subjects enrolled
in this study makes it difficult to draw valid conclusions
with regard to the clinical efficacy of this intervention.
Vollmer et al36 also studied the effects of health information technology on adherence to controller medication
in subjects with asthma (see Table 3). A total of 8,517
subjects were randomized to receive either usual standard
care or interactive voice recognition (IVR) calls. The IVR
consisted of 3 types of calls: the refill reminder call, the
tardy refill call, and the initiator/restart call. Each month,
the electronic medical records were scanned to identify
subjects who qualified for an IVR call. Those with less
than 1 month’s supply left (last refill ⬎ 1 month ago) received a refill reminder call. If subjects were ⬎ 1 month
past their refill date, they received a tardy refill call, reminding them to refill their ICS and assessing asthma
control, barriers to ICS adherence, and also tailored educational messages. The initiator/restart call went to those
with an ICS prescription fill in the last month and no
records of other ICS refills the previous 6 months, as the
subjects were regarded as new or relapsed users of ICS.
These calls were similar to the tardy refill calls in including questions about control, barriers to adherence, and
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education. Adherence was calculated as the medical possession ratio (ie, number of days of supplied medicine
divided by number of days in the study period). At baseline and follow-up, subjects filled in the mini-AQLQ. The
follow-up survey also included the Asthma Therapy Assessment Questionnaire, as well as questions about satisfaction with the intervention. From the electronic medical
records, data on age, gender, smoking, concomitant COPD,
acute asthma health-care utilizations, and use of oral steroids and rescue short-acting ␤2 agonists were also obtained. The 2 groups were very similar at baseline, and
both groups had a mean medical possession ratio of 42%.
A total of 3,171 subjects were included in the intervention
group, and they received a total of 11,714 IVR calls: 27%
were refill reminder calls, 61% were tardy refill calls, and
the last 12% were initiator/restart calls. In the intervention
group, 91% of the subjects received at least one tardy refill
call, and 55% received 2 or more direct contacts or detailed messages. A total of 84% of all calls resulted in
some kind of detailed message. In the primary analysis, a
small but significant increase in adherence was found in
the intervention group compared with the usual-care group.
When limiting the analyses to the 55% of the subjects who
received at least 2 detailed messages, the effect of the
intervention on adherence was 3 times greater. A significant improvement in the proportion of subjects with good
control was also found, but surprisingly, at the same time,
also a significant increase in health-care utilizations. Of
the subjects, 50% reported that they found the IVR calls
useful and would like to continue to have these calls, and
33% felt that their asthma was better controlled due to the
calls.
Wilson et al37 investigated the efficacy of more patient
involvement in the decision making regarding disease management (see Table 3). A total of 612 adults with poorly
controlled asthma (defined by use of rescue medication or
a recent asthma-related hospitalization or emergency department visit) were randomized to either shared decision
making or clinician decision making. The interventions
were identical in the 2 groups; only the process of decision
making was different. In the clinician decision-making
group, the clinician decided on a treatment regimen depending on the level of asthma control. In the shared decision-making group, the clinician explored the patient’s
goals and priorities about treatment, side effects, symptom
control, and treatment costs. The patient and the clinician
then together evaluated the pros and cons of all guidelinebased treatment options and decided on the optimal treatment plan. Both groups received asthma education, 2 personal sessions (at 0 and ⫹1 month) and 3 telephone
encounters (at ⫹3, 6, and 9 months), as well as a written
management and action plan. CMA was calculated for 1 y
pre-randomization and 2 y post-randomization. The primary clinical outcomes were quality of life (mini-AQLQ)
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and asthma-related health-care utilization (emergency department visits, out-patient contacts, and hospitalizations
for 1 y pre-randomization and 1 y post-randomization).
Secondary clinical outcomes were lung function and asthma
control (Asthma Therapy Assessment Questionnaire) at
baseline and at the 1-y follow-up. In the shared decisionmaking group compared with the clinician decision-making group, the initial session was 29 min longer on average, and each telephone contact lasted 5 min longer, whereas
no difference was found with regard to the second session.
The difference in costs between the groups was estimated
to be $32 (based on an average care-manager salary). No
difference was found between the groups at baseline, but
at the 1-y follow-up, the subjects with influence on the
decision making had a significantly higher CMA (67%)
compared with subjects not involved in the process (59%).
However, at the 2-y follow-up, the CMA remained higher
than at baseline, but with no significant difference between
groups. No significant difference in quality of life was
found at the 1-y follow-up, but a higher percentage of
subjects in the shared decision-making group (70%) than
in the clinician decision-making group (61%) had an increase of ⬎ 0.5 point in the mini-AQLQ. At both the 1-y
and 2-y follow-ups, subjects in the shared decision-making
group had used less short-acting ␤2 agonists than those in
the clinician decision-making group (6.5 vs 7.1 and 4.7 vs
6.0 canisters, respectively), but the difference was not statistically significant. Both groups had fewer health-care
utilizations in the post-randomization year compared with
the pre-randomization year, but no significant difference
was found between the 2 groups.
In 2012, Clark et al38 performed telephone interviews
and reviewed medical records for 808 women with asthma
and then repeated the data collection after 1 and 2 y of
follow-up (see Table 3). All subjects were asked if they
had an asthma management plan developed together with
their doctor describing how to adjust their medication with
changing symptoms; if they took their prescribed medication usually, sometimes, or rarely; and if they were prescribed oral steroids. At baseline, those with a negotiated
treatment plan were prescribed more medication and had a
higher level of education. At follow-up, the odds ratio of
adhering to ICS usually or sometimes with a negotiated
plan was 2.4 compared without such a plan. A total of 41
women with a treatment plan used oral steroids at baseline; at follow-up, 23 of these women (56%) were no
longer on oral steroids . In comparison, 8 of 18 subjects
(44%) without a treatment plan had stopped oral steroids
at follow-up. However, there were no differences in the
number of hospitalizations, emergency department visits,
or unscheduled physician visits. Women with a negotiated
treatment plan were estimated to have 17% more days and
31% more nights without symptoms than those without
such a plan, which suggests a more direct approach to
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asthma treatment by physicians in more symptomatic patients.
Over a 6-month period, Gamble et al39 assessed ICS
prescription fills for 239 subjects from the Northern Ireland Regional Difficult Asthma Service and defined nonadherence as ⬍ 50% of prescriptions filled (see Table 3).
Demographics, lung function, oral steroid use, admissions,
and quality-of-life data were obtained from the subjects’
medical records. In phase 1, the non-adherent subjects (83
of 239) were confronted with their poor adherence and
provided with a personal management plan. Following this
intervention, 37% of the non-adherent subjects had an improvement in adherence at the second screening visit after
9 months, and these subjects were followed up for 6 months
with regard to adherence and asthma outcome. The remaining 63% of the initial non-adherent subjects, together
with 11 subjects who were adherent at baseline but not at
the second screening, all received standard asthma care
and another concordance discussion. In a pilot study, a
total of 20 of these subjects were then randomized to either
standard care (control group, n ⫽ 11) or up to 8 visits
during a 12-week period with a specialist respiratory nurse
with basic psychotherapy training (intervention group,
n ⫽ 9). These visits addressed the subjects’ individual
reasons for non-adherence in a non-confrontational way,
trying to promote self-motivation and resolve ambivalence
about medication use. Of those initially non-adherent but
adherent after the first concordance discussion, 90% remained adherent at the third screening (15 months after the
baseline screening). The daily dose of ICS and number of
rescue courses of oral prednisolone were both significantly
lower, and a reduction in the maintenance dose of prednisolone was also observed, although it was not statistically significant. In line with this, a reduction in hospital
admissions due to exacerbations and an increase in FEV1
were also observed. In phase 2, 2 subjects in the intervention group failed to show up, but the remaining 7 subjects
had an improvement in adherence from 38 to 62%, whereas
adherence decreased from 32 to 29% in the control group.
The number of subjects in the group filling ⬎ 50% of their
ICS prescriptions also increased (4/7 vs 1/11 in the control
group). At the third screening, the maintenance dose of
oral prednisolone was significantly reduced in the intervention group (15.0 and 9.4 mg, respectively), whereas the
control group received a higher dose of prednisolone on
average.
Ulrik et al40 conducted a 26-week study assessing the
effects of compliance enhancement training on ICS adherence in 361 adults with asthma (see Table 3). After 2 weeks
run-in, in which the subjects continued on their usual medication, they were switched to a fixed combination of salmeterol/fluticasone at 50/250 g twice daily for a 12-week
period. Their adherence to ICS was estimated by counting
the remaining number of doses in the returned inhalers.
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Every day, the subjects monitored their percent-predicted
FEV1, PEF, symptoms, rescue medication use, nighttime
awakenings, exacerbations, change in medication due to
side effects, unscheduled doctor visits, and quality of life
(AQLQ). Based on these parameters, the proportion of
subjects with total control for at least 7 of 8 consecutive
weeks was calculated. A total of 24.1% achieved this primary end point after treatment period 1. The remaining
274 subjects continued with an unchanged dose of controller medication and were randomized to the intervention
group (n ⫽ 140) or the control group. The intervention
consisted of 3 sessions of ⬃60 min of compliance enhancement training, including education on asthma pathophysiology, living with asthma, the subjects’ treatment
expectations, correct use of inhalers, and help in remembering their controller therapy. More than 90% of the subjects in the intervention group participated in each session.
Only 8.2% of the subjects achieved total control for at
least 7 of 8 consecutive weeks, with no statistically significant difference found between groups. However, although not statistically significant, subjects with mild
asthma were more likely to achieve total control compared
with those with moderate asthma. A statistically significant improvement in mean weekly PEF, FEV1, and quality
of life, as well as a reduction in days with symptoms and
rescue medication, was found, but with no significant difference between the groups.
In other chronic diseases, simplifying dosing regimens
has resulted in better adherence to medication,43-45 which
has also been shown in clinical trials of ICS therapy for
asthma.46 Wells et al47 assessed whether better adherence
to a simpler dosing regimen is also found in a real-life
setting or whether it is a direct effect of participating in a
clinical trial. They compared prescription information with
pharmacy claims for 1,302 asthma subjects for a 6-y period, with the end of follow-up being their last ICS prescription fill or a switch to fixed-combination ICS/longacting ␤2 agonist therapy. Subjects were divided into
either once-daily or twice-or-more daily regimens. For
subjects with a change in therapy during the follow-up,
the date of switching was counted as the last day of the
first period and the first day of the last period. Adherence
was 61% in the once-daily treatment group versus 41% in
those subjects prescribed ICS more than once daily. The
former group was also more likely to have an adherence of
⬎ 75% (41% vs 17%). When assessing the changes in
adherence for those who switched regimens, a once-daily
prescription resulted in higher levels of adherence regardless of the initial dosing regimen (64% vs 48% for those
who were initially prescribed at least twice-daily therapy
and 74% vs 48% for the initial once-daily group). Oncedaily ICS prescriptions were not associated with a statistically significant difference in incidence of severe asthma
exacerbations.
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Based on the reviewed studies, no specific intervention
has proven to be superior in successfully improving adherence to ICS, as well as for the overall well-being of
subjects with asthma. However, some of the interventions
led to improved quality of life, fewer symptoms, and better
adherence, whereas others failed to prove any significant
differences versus control groups. However, most of the
interventions were very well received by the subjects, who
expressed interest in continuing with the intervention and
felt an improvement in their asthma, even though this
could not be objectively verified in general.
Summary and Perspectives
For the present review, 19 studies met the inclusion
criteria by focusing on the level of adherence to ICS, the
effect of the level of adherence on asthma symptoms or
outcomes, and possible interventions to improve ICS adherence. Some of the studies focused on more than one of
these aspects.
Nine studies focused on the level of adherence to ICS.
The mean adherence was found to be between 22 and
63%, thus not nearly approaching the 80% cutoff of good
adherence. Factors associated with the lowest level of
adherence were age (younger subjects had poorer adherence than older subjects), being African-American, having
a low level of education (⬍ 12 y of formal education),
mild asthma, and poor communication with health-care
providers.
In the 6 studies focusing on the effect of poor adherence
on asthma symptoms and outcomes, good adherence led to
an increase in FEV1, a lower sputum eosinophil counts,
fewer asthma-related hospitalizations and courses of oral
steroids, and a decrease in mortality rate. It was estimated
that as many as 24% of asthma exacerbations and 60% of
asthma-related hospitalizations could be avoided with increased ICS adherence.
Most studies found increased adherence with a focused
intervention, regardless of the type of intervention. Some
found that the increased adherence was associated with
improved quality of life, fewer symptoms, higher FEV1,
and fewer courses of oral steroids, whereas others did not
report any differences between intervention and control
groups, and one study reported more symptoms in the
intervention group.
Adherence to a prescribed treatment is essential for it to
have an effect, and non-adherence can occur in several
ways. In addition to agreeing to take the medication (acceptance), the patient also has to follow the treatment as
prescribed (observance) and keep following it over time
(persistence).48 Non-adherence can be not filling the prescription, not using the medication when filled (intentionally or due to forgetfulness) using the medication too often
or too seldom, taking too much or not enough, or using it
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the wrong way, intentionally or non-intentionally. It can
be due to practical aspects, such as low income or low
health literacy, as in not having the “capacity to obtain,
process and understand basic health information and services needed to make appropriate health decisions”,49 or
can be due to beliefs about the illness (eg, patients believe
that they have asthma only when they have symptoms or
that their doctor can cure asthma) or the treatment (benefits, necessity, concerns).50
In a review by Cochrane et al,51 subjects were found to
take their ICS as prescribed only 20 –73% of the time. The
big span in ICS adherence rates could be caused by actual
variations in adherence or could reflect different ways of
measuring adherence. Several studies have shown the level
of ICS adherence to be dependent on the method of measuring,52-54 but even when including only studies using
CMA/medical possession ratio as a measure of ICS adherence, the average adherence has been shown to range
from 22%22 to 50%.19 CMA is considered to be reliable
way of measuring ICS adherence, as it does not involve
patient self-reporting, which leads to overestimated adherence,52 although clearly communicating a no-blame attitude highly improves the accuracy of self-reporting.55 One
of the major problems with assessing adherence as CMA
is that we have no way of knowing if the patients take their
medication after filling their prescriptions or if they use
the correct inhalation techniques, and thus, actual adherence might be even lower than that calculated.
Another debatable point is the cutoff between good and
poor adherence. The most commonly used value is 80%.20,56
Lasmar et al57 showed 80% to be the threshold between
controlled and uncontrolled asthma, whereas Schroeder
et al58 argued that an arbitrary cutoff value is meaningless
and should be replaced with a continuous measure of adherence. In the articles included in this review, the cutoff
value varied between 50 and 80%. However, the cutoff
value did not seem to influence how many subjects were
considered to have poor adherence in these studies.
Despite various attempts at intervention, adherence to
ICS remains low. Most studies reported increased adherence in both control and intervention groups. This could be
due to the enrollment effect59 or because the subjects were
followed more closely and therefore paid more attention to
taking their ICS. Several studies found improved symptoms, quality of life, and lung function, but all improvements were small and might have returned to normal values with the decreased focus on adherence after the studies
ended.
Several studies have shown that poor adherence to ICS
leads to negative outcomes.60,61 In only one of the studies
included this review, an improvement in adherence did not
lead to improved symptoms but still lead to a higher FEV1
and lower sputum eosinophil count.18 This shows that patients should strive to improve their ICS adherence not
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only to meet a certain clinical standard but also because it
results in fewer symptoms and better lung function.
There are several paths to take in the future to achieve
optimal or at least better adherence to ICS and thus improve asthma control. First, it is important to measure the
actual level of non-adherence. To do this, a reliable, objective, easy, and inexpensive way of measuring adherence should be developed. One possibility may be using
electronic monitoring devices,62 as done by Patel et al63 in
a real-world randomized controlled trial. Their study
showed that using a Smartinhaler Tracker, an electronic
monitor for metered-dose inhalers that records date, time,
and number of actuations, was a reliable measure of metered-dose inhaler use. Furthermore, Van Sickle et al64
have shown that an electronic medication sensor attached
to a rescue bronchodilator inhaler, weekly e-mail reports,
and access to online charts summarizing remote monitoring of inhaled bronchodilator frequency can improve
asthma control. In line with this, in an ongoing trial, Vasbinder et al65 are investigating the effects on adherence of
a real-time medication-monitoring system, which registers
time and date of ICS doses, combined with tailored text
messages via a mobile telephone network when an ICS
dose is missed.
Methods aiming to improve adherence to ICS should
ideally also clearly distinguish between non-adherent and
treatment-resistant patients to avoid trials with new expensive medications in the former and futile attempts with
higher doses of ICS in the latter. In addition, patients’
reasons for non-adherence should be explored, as there are
many different forms of non-adherence. Finding out why
a patient does not adhere to the prescribed treatment regimen will give an indication of which interventions would
possibly be the most effective in each individual case.
Finally, developing and testing different interventions targeting the different reasons for non-adherence and making
an effort to individualize the interventions, whether technical, behavioral, or educational, should be a high priority,
instead of focusing on developing only new and more
effective controller medications for asthma.
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