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Purpose of review

Poor adherence to asthma controller medications, particularly inhaled corticosteroids, has been well known
for decades and is a major cause of uncontrolled asthma and increased healthcare utilization. This review
presents recent evidence on factors leading to nonadherence in specific age groups, parents of young
children, adolescents and young adults, adults, and the elderly. Novel management strategies including
electronic sensors with associated smart phone applications for adherence improvement are discussed.

Recent findings

Interventions to promote adherence must include a focus on issues important to the patient. Parents are
concerned about adverse effects and the difficulty of medication administration in their child; adolescents
and young adults need help with organizational skills and social barriers; adults may be more receptive to
the need for daily medication after an acute exacerbation and acceptance of their disease; the elderly may
have medication misuse issues associated with cognitive decline and other comorbidities related to aging.
In all age groups, a trusting relationship with the provider is the key. New digital devices to track
adherence may provide feedback to the patient and provider to evaluate and to promote adherence.

Summary

Personalized approaches are required to address adherence barriers in target populations. Research on
specific needs and barriers in target populations and development of appropriate strategies for use of new
digital technology for adherence monitoring is needed.
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INTRODUCTION

Despite inhaled corticosteroids (ICS) being highly
effective for improving asthma control and reducing
exacerbation frequency, overall, the adherence to
ICS in patients with asthma is notoriously poor.
Adherence by electronic monitoring is frequently
reported at less than 50% in adolescents and adults
and 49–73% in young children/preadolescents [1–
5]. The WHO suggests that ‘increasing the effective-
ness of adherence interventions may have a far
greater impact on the health of the population than
any improvement in specific medical treatments’
[6]. Adherence to medications specifically refers to
a patient’s fulfillment of the provider’s recommen-
dation with respect to timing, dosage, and fre-
quency of a medication for the duration of
treatment [7

&&

]. Poor ICS adherence is attributed
to concerns for adverse effects or experiencing
adverse effects, improper inhaler technique, forget-
fulness, and believing (daily) use is not needed when
asthma is controlled, and/or lack of knowledge
of asthma and for the reason for ICS therapy
© 2016 Wolters Kluwer 
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[3,8,9,10 ,11]. Underutilization of ICS therapy
results in poor asthma control, future risk of asthma
instability, oral corticosteroid use, emergency
department visits, hospitalizations, and even death
[9,12–16]. Several studies in children and adults
have shown that an increase in ICS adherence
to between 60% and 80% results in a decrease
in emergency department visits for asthma
[1,2,12,17]. Identifying methods to improve patient
medication adherence is a leading priority
[7

&&

,18,19]. This review presents the current under-
standing of adherence and the latest information on
Health, Inc. All rights reserved.
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KEY POINTS

� Adherence to prescribed asthma medications is
reported to be less than 50% in adolescents and adults
and 49–73% in young children/preteens.

� Recent research using cluster analyses and focus
groups has identified key issues from both the patient
and healthcare provider perspective that likely influence
long-term adherence.

� Newly available electronic sensors for inhalers and
associated smartphone applications that transmit data
in real time to a smartphone and dashboard for patient
and provider monitoring, respectively, may be
appealing to today’s mobile-connected
patient population.

Adherence in asthma Blake
electronic and digital means for assessing inhaler
use.

The WHO defines several forms of nonadher-
ence described as erratic nonadherence, unwitting
nonadherence, and intelligent nonadherence [20].
Erratic nonadherence is defined as unintentional
and is typically related to forgetfulness as the desire
to be adherent is present. Unwitting nonadherence
results from poor understanding of the intended
regimen or importance for being adherent. In
asthma, this is commonly manifested as confusion
between reliever and controller medication regi-
mens. Intelligent nonadherence is an intentional
thoughtful decision and can be related to concerns
for adverse effects, symptom resolution (and thus,
no perceived need for treatment), cost benefit, or a
poor relationship with the provider. These specific
forms of nonadherence require different strategies
for resolution. Many asthma interventions require
‘restructuring of typical approaches to healthcare
delivery in the United States’ and, thus, are not
easily sustainable for long-term implementation
[7

&&

]. Cost-effectiveness and sustainability must be
incorporated into adherence interventions.
ADHERENCE IN CHILDREN,
ADOLESCENTS/YOUNG ADULTS, ADULTS,
AND THE ELDERLY

The age of the patient will impact the strategy used
to address nonadherence because of differences in
the barriers and facilitators affecting adherence.
In young children and preadolescents, the primary
responsibility for medication administration relies
on the parent/caregiver as only 50% of children
under the age of 11 years have assumed control of
their asthma medication regimen [21]. Adherence
rates with ICS when measured electronically in
 Copyright © 2016 Wolters Kluwe
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young children/preadolescents range from 49 to
73% [3]. The adherence relationship is more com-
plex than in adults because the triad of caregiver/
parent, child (the patient), and prescriber is
involved.

In a review of perspectives from parents of you-
ng children, four primary themes were identified for
adherence in asthma [22]. First, there are competing
beliefs and concerns for both the treatment and
condition such that fears of ICS and fears of acute
exacerbations result in parents initiating treatment-
free periods to determine if the ICS is still needed by
their child. Second, child resistance results in non-
adherence when there is difficulty administering
treatment in young children (e.g., placing a face-
mask on an infant) resulting in ‘daily battles and
caregiver fatigue’. In addition, children may also be
susceptible to anxiety, inattention, and other psy-
chosocial variables resulting in resistance to daily
treatment [23,24]. Third, a caregiver’s desire for their
child to have a normal life may actually promote
adherence in this age group [as contrasted with
adolescents/young adults (AYA)] because using the
medication as prescribed may allow the child to
participate normally in activities. Last, the care-
giver’s relationship with their provider can posi-
tively or negatively influence adherence. If the
caregiver and provider share the same goals, adher-
ence is promoted but if the parent perceives risks
associated with treatment, such as fears about ICS
adverse effects, that the provider is unwilling
acknowledge, then adherence will suffer.

Poor asthma control and increased healthcare
utilization is directly related to poor adherence in
AYA [2,13,25–27]. AYA with asthma represent a
vulnerable population at high risk for morbidity
and mortality due to asthma [28,29]. Death rates
from asthma begin to rise in mid-adolescence and
those aged 15–34 years have double the mortality
rate of younger children [30]. The increased risks in
this age group coincide with emerging autonomy
for disease management and transition to adult care
and may be exacerbated by a lack of medical atten-
tion and inadequate medication use [28,31,32]. Poor
adherence to ICS in AYA is consistent across race and
ethnicities [5,33]. Behavioral factors in AYA which
contribute to adherence barriers include, subopti-
mal organizational skills and self-regulatory behav-
ior, cognitive difficulty in following instruction,
social barriers, denial of symptoms, depression, risk
taking behavior, as well as preference for immediate
gratification, and tolerance for future uncertainty
[5,33–36,37

&

,38–40]. Girls are less likely than boys
to be taken to a provider if they have infrequent
wheeze, less likely to be labeled as having
asthma, and thus, less likely to receive appropriate
r Health, Inc. All rights reserved.
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medication for treatment [34]. AYA also perceive
that having asthma and using an inhaler makes
them less normal than their peers, which results
in poor adherence [34]. In addition, fear of adverse
effects, busy schedules, and dislike of ICS taste
promote nonadherence at this age [34].

However, a good (nonpaternalistic) relationship
with their provider can promote open discussion
about asthma and treatment to improve adherence
[35]. Interventions with the greatest potential to
improve adherence in adolescents include a multi-
faceted approach that combines patient preferences,
education, and behavioral reminders [41]. Teens
are receptive to text messaging for medication
reminders that may be a low-cost means to improve
adherence [42]. Although transfer to adult care
begins at age 14 and may be complete by age 18,
the transition process can extend through a
patient’s 20s [43,44]. These data suggest that AYA
require continued guidance and supervision during
this period of emerging adulthood to address and
manage adherence barriers.

In a cluster analysis of adherence behaviors/
attitudes in 392 adults (55% of participants were
nonadherent by several validated measures) with a
mean� SD age of 48.69�14.32 years, three clusters
of nonadherent individuals were identified [37

&

].
The indifferent cluster believed that medicines were
not necessary, were not concerned about medicines,
and did not believe their illness was threatening.
These individuals typically were controlled, had
good understanding of their disease, and had high
social support. As such, they might be using lifestyle
modification or avoidance of risk factors for disease
control and probably are not in need of an adher-
ence intervention. The ambivalent cluster had high
beliefs in medication necessity but also high medi-
cations concerns and believed that their illness was
threatening. These individuals were less educated,
poorer, had less social support, and had uncon-
trolled disease. They believed that their disease
was threatening but was beyond their control and
that medication would not help. The skeptical clus-
ter consisted of the most nonadherent and believed
their disease was threatening but did not believe
medications would help and were concerned
about using medications. These individuals were
the youngest, poor and had low social support
and uncontrolled disease. Thus, interventions for
individuals who are ambivalent or skeptical would
likely benefit from increasing beliefs in the necessity
of, and reducing concerns for, medications and
disease education.

Two publications of focus group results by the
same researchers explored the similarities and differ-
ences in attitudes between adult patients with
 Copyright © 2016 Wolters Kluwer 
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asthma (13 participants, mean� SD age 52.54�
15.79 years, range 20–75 years), pulmonologist
physicians (13 participants), and allied health
professionals (12 participants including nurses, phar-
macists, respirologists, and asthma educators) specifi-
cally on the barriers and facilitators to medication
adherence [45

&

,46]. The most common medication-
related barrier across all three groups was the high
cost of medication (resulting in stretching doses to
make a controller last longer). Both patients and
physicians agreed that medications were not user-
friendly. Patient complaints included difficulty in
determining if a full dose was inhaled, having to rinse
the mouth after use, or having to use two inhalations
(versus pills that normally require one tablet/capsule)
[45

&

]. Patient-related barriers as perceived by all three
groups included attitudes and beliefs about asthma
(such as, patients not realizing asthma is a chronic
disease or having a hope for a ‘magical cure’) and
concerns for adverse effects. Significantly, physicians
and allied health professionals but not the patients,
stated that family and friends could negatively
affect a patient’s perception of asthma. Patients also
stated that system-related barriers included delayed
appointments and waiting lists that complicated
obtaining refills and follow-up care.

In the follow-up publication, the features that
facilitate adherence to prescribed long-term control-
ler medication were elicited from the same focus
groups [46]. All groups believed that having lived
through an asthma exacerbation due to nonadher-
ence was a turning point to facilitating future adher-
ence. Coincident is the patient accepting that they
have a long-term disease, which patients acknowl-
edged might be more difficult for younger adults to
accept. From these factors, the three groups were in
agreement that motivation for self-management,
seeking asthma knowledge, improving attitudes,
and having a positive trusting relationship with
the provider were key factors that would enhance
adherence. Thus, the best opportunity for providing
an adherence intervention is after the experience of
an exacerbation but when acceptance of the disease
has occurred. These adult patients preferred inter-
ventions that are short, include motivational treat-
ment, and are enjoyable; physicians and allied
health professionals believed that their role is to
provide encouragement and reassurance to con-
tinue treatment. In addition, physicians believed
that they were in the best position to deliver the
intervention but acknowledged that they had little
time to do so. Rather, they suggested that asthma
educators deliver the intervention and pharmacists
provide continued reinforcement.

The elderly with asthma have specific health-
related decline issues that can affect medication
Health, Inc. All rights reserved.

Volume 23 � Number 1 � January 2017



Adherence in asthma Blake
adherence. Worsening cognitive function can affect
understanding of medication purpose and use,
impaired vision can affect reading medication
labels, arthritis can impair the physical coordination
required to use pressurized or dry powder inhalers,
and multiple comorbidities and polypharmacy can
contribute to confusion on timing and correct use of
medications [47].

A recent study in 121 patients [88 with chronic
obstructive pulmonary disease (COPD) and 33 with
asthma; mean� SD age 70.24�5.85 years, range
65–88 years] found that cognitive dysfunction
was present in 40.2% of patients and that cognitive
level was the only parameter (out of educational
status, age, sex, asthma/COPD, polypharmacy,
previous year hospitalization or emergency depart-
ment visit, lung function, and smoking status)
associated with incorrect inhaler technique and
adherence [48

&

]. Poor health literacy coupled with
cognitive decline was also found to contribute to
poor adherence. In a study of 452 patients with
asthma (mean� SD age 67�6.8 years), 36% had
limited health literacy skills, 27% had cognitive
impairment, and only 38% were adherent to their
asthma controller medication which decreased to
23% in those with limited health literacy [49]. In
this study, health literacy was correlated with all
measures of cognitive abilities and explained a large
proportion of adherence and proper inhaler use. In a
separate study of this same population, low health
literacy was found to decrease adherence directly
and indirectly through concerns about medications
(misunderstanding about medications may induce
fears of asthma controllers’ adverse effects as
identified from the Beliefs about Medications
Questionnaire [50,51]). Cognition presented as an
independent factor on adherence presumably
because of the strong correlation between health
literacy and cognition in older adults [51].

These studies suggest that approaches to
improve adherence in the elderly need to be based
on geriatric principles. Some suggested approaches
include using language and images that are custom-
ary to the elderly, review connections between
medication facts and behaviors, limiting the
amount of information provided, using teach-back
technique, and provide audio or print materials for
review at home [51]. One specific strategy for
inhaler technique is READY [get inhaler ready,
shake the inhaler, remove the cap, and attach spacer
(if used)], SET (open mouth, breath out slowly, and
put lips around mouthpiece), and GO (push down
on inhaler and breathe in slowly) [49]. Another
strategy is ‘scaffolding’ in which only a small
amount of information is presented at a single
visit; at subsequent visits, additional information
 Copyright © 2016 Wolters Kluwe
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[49].
MEDICATION ADHERENCE MEASURES

Obtaining medication use data to measure adher-
ence is challenging. Secondary analyses of large
datasets obtained from pharmacy claims data
(18 456 patients 2–18 years old [1], 43 156 patients
5–12 years old [52], and 6903 patients 18 years and
older [53]) are commonly used to identify aggregate
adherence trends and associated healthcare utiliz-
ation but are not helpful for assessing adherence in
an individual patient [1,52–55]. New methods
involving predictive analytics to identify individual
patients with problematic adherence within a
healthcare organization are in use but these
methods exclude those without existing data in a
health plan [56,57]. Methods to quantify an indi-
vidual patient’s ICS adherence include direct bio-
chemical measure (e.g., blood or urine cortisol
levels), inhaler counter monitoring, electronic
health record refill requests, local pharmacy dis-
pensing records, self-report, and electronic use cap-
ture [54,55,58,59]. Blood level measurement is not
suitable nor practical for ICS, and regular dose coun-
ter monitoring on inhalers is labor intensive [20,59].
Refill and dispensing records can be inaccurate if the
prescription is not picked up or multiple pharmacies
are used and do not provide information on doses
actually taken [53,55,60

&&

]. Self-reported measures
tend to overestimate adherence but are recognized
as low cost, simplistic, and available in real time
[3,5,54,61,62]. To elicit valuable information from
self-report, it is important to begin the conversation
with a statement that normalizes nonadherence
that can be done by acknowledging that nonadher-
ence is common, and it is difficult to take medi-
cation exactly as prescribed [63]. Using validated
measures is desired but if not available, then ques-
tions can be optimized to obtain useful results [63].
For example, asking patients to make a global esti-
mate of adherence using a Likert scale for response
or percentage of doses taken, rather than asking for a
report of missed doses; providing a specific time-
frame for recall – a 30-day recall has been found to
be better than shorter periods – and stating ‘30-day’
rather than ‘in the past month’ is more meaningful
to patients [63]. In addition, the individual asking
about adherence should be different from the indi-
vidual providing adherence counseling, and face-to-
face interviews should be avoided in favor of com-
puter or self-administered article questionnaires [63].

There are a number of adherence scales that can
be used to assess adherence [54]. The Brief Medication
Questionnaire, Eight-Item Morisky Medication
r Health, Inc. All rights reserved.
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FIGURE 1. Evolution of the design of inhaler-based monitoring devices, indicated with gray color. Reproduced with
permission from [60&&].

Asthma
Adherence Scale, and Medication Adherence Report
Scale (MARS) are the most commonly used. A short-
ened version of the MARS (5 items versus 10 items)
was recently found to be too inaccurate for assessing
adherence compared with electronic adherence
capture with the SmartDisk in 133 children aged
2–13 years who were followed for 1 year [64].

Although electronic monitoring has been avail-
able for decades, newly available electronic sensors
 Copyright © 2016 Wolters Kluwer 
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for inhalers and associated smartphone applications
(https://www.caretrx.com/, www.propellerhealth.
com, http://www.smartinhaler.com/) are reliable,
provide adherence reminders, passively collect each
inhaler actuation, and transmit data in real time to a
smartphone application and dashboard for provider
monitoring (Figs. 1 and 2) [65–68]. These sensors
cannot assure the dose was actually taken, but the
recorded data can show adherence manipulation,
Health, Inc. All rights reserved.
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such as dose dumping [69]. Sensors that attach as a
cap over the canister may not fit on all inhalers (e.g.,
Symbicort is incompatible with a cap sensor due to
the counter placement on the top of the Symbicort
canister). Devices are developed for dry powder
inhalers also (Propeller Health has a sensor for
Diskus inhalers). These devices must go through
the Food and Drug Administration regulatory
 Copyright © 2016 Wolters Kluwe
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process for marketing. The smartphone mobile
application used with the sensors for adherence
tracking is novel and has significant advantages over
traditional methods (paper diaries, pharmacy dis-
pensing records) for tracking adherence which
includes each activation of the sensor attached to
the inhaler is passively recorded; data from the
sensor attached to the ICS and rescue inhalers can
r Health, Inc. All rights reserved.
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calculate daily adherence to the prescribed ICS regi-
men and track symptoms of asthma requiring bron-
chodilator use, respectively; pushed reminders on a
smartphone encourage ICS adherence; and these
data can be used to create a dialog between the
participant and provider.

Daily monitoring of adherence with these appli-
cations would likely be impractical for busy phys-
ician providers, but review of summary data before
an appointment would be feasible. However, dele-
gating more frequent review to pharmacists, respir-
atory therapists, or other allied health providers
who could provide adherence counseling would
be a practical alternative [51]. These devices are well
suited for nonadherent AYA and adult patients who
are used to immediate access to information and
instant gratification and are receptive to electronic
means for asthma monitoring [36,70,71]. In
addition, their use circumvents the annoyance of
parental/spousal nagging in patients who require
reminders to take daily ICS [37

&

].
Although these smartphone-enabled devices

currently lack the ability to detect inhalation as
with the SmartMist inhaler developed several deca-
des ago, these features are evolving quickly and will
likely be integrated with other health wearable plat-
forms to create an ‘extended wireless body area
network (WBAN)’ [66]. WBAN for patients with
asthma will likely include information on environ-
mental exposures, global positioning satellite infor-
mation on locations provoking symptoms recorded
by patients or associated with bronchodilator use
[currently available via Propeller Health (Madison,
Wisconsin, USA) and CareTRx (Gecko Health Inno-
vations, Inc., Cambridge, Massachusetts, USA)],
lung function measurements, and activity levels
[66]. Currently available smartphone-enabled sen-
sors have been shown to reduce rescue inhaler use,
increase asthma free days, and improve Asthma
Control Scores [72,73]. In addition, the cost of these
devices/subscription monitoring programs (cur-
rently under �$300 per device or per yearly sub-
scription) could be offset by improvements in
adherence of 50% when the direct and indirect costs
of asthma are measured [67,74].
CONCLUSION

Adherence to asthma controller medications is poor
despite the availability of highly effective medi-
cations such as ICS that improve asthma control
and associated activity level and function. Barriers
to adherence varies by patient age group as parents
of young children, AYA, adults, and the elderly
will have different motivations for (not) taking
medication as prescribed. The optimal time for
 Copyright © 2016 Wolters Kluwer 
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(re)initiating adherence intervention may be after
an acute exacerbation when the patient is fully
accepting the chronicity of their disease. Monitoring
adherence can be obtained directly from patients
through dialogue with providers and/or by newly
available electronic sensors and associated smart-
phone applications. These latter devices will become
more commonplace as additional wearable technol-
ogy is integrated to deliver actionable information
such as locations of environmental triggers, clinical
information, and feedback on inhaler technique.
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