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Summary

Clinical &

Adherence in asthma is an important cause for concern. Although nearly 50% of asthma

Experimental
Allergy

patients are considered poorly adherent to therapeutic advices, adherence is still difficult
to assess, understand and improve despite major medical consequences. In this review, we
revisited the literature of the last 10 years related to adherence in severe asthma. The

concepts have changed and “compliance” is usually replaced by “adherence”. Assessment
of adherence is addressing ethical issues, but provides important insight into difficult-
to-treat asthma. Different tools have been used but none is routinely recommended.
Health-related outcomes (poor control, exacerbations, hospitalizations, lung function
decline), which are clearly associated with severe asthma, are often worsened by non-
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adherence with consequences also on patient related outcomes (quality of life). The poten-
tial behaviour associated with non-adherence and all other related factors including easy-
to-recognize psychological traits can help for patient’s future management. Therapeutic
educational interventions have been recognized with a scientifically proven efficiency
even though evolution and improvements are needed. A multidisciplinary approach is
required in severe asthma. Therapeutic adherence for a given patient is always a prerequi-
site to any other aspects when addressing severe asthma phenotypes. Severe asthma
should be considered only in those who still experienced poor asthma outcomes despite
optimal adherence. At a glance, poor adherence and severe asthma should be considered
antinomic. Better understanding of the causes and customised management are potential

Introduction

Severe asthma is a heterogeneous disease. It has been
nowadays better defined. Guidelines and expert panel
reports accurately described the need for an extensive
assessment securing the diagnosis, establishing and
managing co-morbidities, environment and appropri-
ately addressing the concern of therapeutic adherence
[1]. This rigorous clinical pathway is required to
describe not only a common natural history of the dis-
ease that will lead to permanent uncontrolled symp-
toms, recurrent exacerbations with the potential need
for hospitalization and/or the risk of near-fatal/fatal
episodes, chronic airflow impairment with an acceler-
ated decline in lung function but also the potentially
unacceptable weight of treatments. A follow-up of
6 months at least is then required (Fig. 1). Interestingly,
this definition of severe asthma (Table 1) is mainly

based on the level of medication required to gain con-
trol — if control can be achieved and ideally sustained.
Before advising for important drug interventions
(long-term maintenance with oral steroid, anti-IgE sub-
cutaneous administration, or enrolment in a clinical
trial testing innovative drugs), optimal therapeutic
adherence is a pre-required condition for considering
the three following key points: that the natural history
of the disease is not sufficiently affected by optimal
inhaled therapies using high doses of inhaled corticos-
teroid (ICS), long acting b2 agonist (LABA) and other
controllers (LTRA, LA theophylline), that the biological
pathway involved in this resistance has been suffi-
ciently assessed according to the best current standards
of care and that environment and therapeutic education
were optimized.

In this review, we will discuss new definitions of
therapeutic adherence in the scope of severe asthma,
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Fig. 1. Place of adherence assessment in difficult-to-treat asthma.

Table 1. Adherence to treatment

Acceptation Patient agrees to take medication

Understanding Patient understands the role and conditions of
treatments use (dosage, time, and technique)

Observance Treatment intake according to recommendation

Perseverance Persistence of adequate treatment during

the period recommended

how worth the assessment is and how to do it before
discussing the reason for poor therapeutic adherence
and potential helping solutions.

Definition of the problem, facts about adherence in the
real world

Asthma affects an estimated 300 million people world-
wide and is estimated to account for one of 250 deaths
and 15 million disability-adjusted life years lost annu-
ally [2-5]. Suboptimal adherence to medication regi-
mens is a recognized, but incompletely understood
problem seen in all severities of asthma and contributes
to poor asthma control, increased mortality and hospi-
talization rates, decreased quality of life (QoL) and
reduced lung function [6-9]. Poor adherence by itself
affects asthma control and often led to an overestima-
tion of asthma severity.

The key study GOAL disseminated the idea that
85% of asthma patients could be at least well-con-
trolled using low dose combination of ICS and LABA
when adherence was good. One year later, neverthe-
less, 35% of patients who were uncontrolled after the
first step of the study remained uncontrolled. This
study mimicked real life data where control is
achieved in about half of the patients. Despite treat-
ment with high-dose therapy, ~5% of adult patients
remain difficult to control, with persisting symptoms
and frequent exacerbations. This subgroup of patients
is a cause for concern because of the potential conse-
quences of uncontrolled disease, including fatal or
near fatal asthma [10]. Non-adherence is a potential

Comorbidities

Months

>

Clinical
trial

Anti IgE 0ocs

key aspect linked to patients, for this permanent poor
control.

Definitions and facts

Initially, Haynes introduced the term of “compliance”
as “the level of coincidence or ad equation between
medical prescriptions and recommendations and
patients’ behaviour” [11]. A high risk of misinterpreta-
tion or overlap with the concept of submission and
obeisance led to its progressive replacement by more
appropriate concepts of adherence [12-14]. Indeed,
adherence is a three step component comprising accep-
tance, observance and persistence, closely correlated.
Different patterns of poor adherence have been
described: suboptimal (lower dose taken than pre-
scribed), therapeutic gaps (behavioural variability over
time), non-persistence and to the most, primary poor
adherence (Table 1).

Adherence is opening the way for collaborative
supports between patients and health care profession-
als in the perspective of a common therapeutic pro-
ject [15]. This concept fulfils the partnership between
patients and health care providers advocated by most
of the current guidelines and recommendations. In
the field of social psychology, adherence is defined as
“the ability to take medication accordingly”. This
ability is influenced by cognitive, emotional, social
and behavioural factors. At a glance, the most appro-
priate and accurate word in the field is “therapeutic
adherence”.

Therapeutic adherence might be qualified of erratic,
clever, not intentional or intentional, objective, subjec-
tive, etc. [16]. It is noteworthy that these words are
important and should be used appropriately.

In the real world, all studies reported adherence lev-
els rarely exceeding 50% of the patients, depending on
chosen timescales and tools considered. Although intui-
tively adherence should improve with disease severity,
objective measurements demonstrated that observance,
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for example to OCS in “OCS-dependent” patients, was
not exceeding 50% [17].

Consequences: is it worth assessing therapeutic
adherence? Health consequences of non-adherence in
severe asthma

Usually, the initial situation is described as a “difficult-
to-treat asthma”. Very clear reports identified the need
for a clinical pathway aiming to identify the cause and
associated factors with this frequent situation [1].
Checking the diagnosis and the adherence to treatment
are the first two critical steps of this procedure. “Refrac-
tory asthma” is a potential cause for difficulty, but it is
not the most common. Gamble et al. [17] reported in a
population of 182 difficult-to-treat asthma patients
referred to their centre a prescription filling for inhalers
below 50% in 63 patients. In the 51 treated with oral
corticosteroids, prednisone could be detected in their
plasma in only 26, whereas cortisolaemia was normal
in the remaining 23 with no detected plasma concentra-
tion of prednisone, and three had both but declared
intermittent use of the drug.

Interestingly, these non-adherent patients (who were
mainly female) had worst medical indices: a poorer
quality of life and a higher admission rate in the previ-
ous 12 months. The use of short-acting bronchodilator
nebulization was frequent in these patients.

Large trials in adults reported adherence to ICS rating
between 30% and 50% in adults, where poorer adher-
ence was related to poorer asthma-related health out-
comes (emergency room attendance, OCS bursts,
hospitalizations) [9, 18-21]. Of note, these outcomes are
often related to the natural history of severe asthma,
making the distinction between difficult-to-treat,
including non adherent, and severe asthma, which are
complex and uneasy to discriminate.

In our experience in a prospective 1-year follow-up
study, nocturnal awakening, exacerbation and hospital-
ization were more frequent in the poor adherent group
[22]. Salmeron et al. [23] observed in patients with
asthma admitted in the emergency room that the lack
of treatment (especially inhaled steroids) was extremely
frequent and a risk factor for near-fatal asthma.

Improving adherence led to better control and lung
function associated with a better quality of life in a
prospective trial comparing two strategies of decision
(clinician vs. shared with the patient).

One can tell that therapeutic adherence in severe
asthma is not important. If the disease is not adequately
controlled by the treatment, there are no reasons for
continuing with it, in particular because of potential
unacceptable side effects.

In fact, consequences of poor adherence in severe
asthma — if we consider that asthma can be categorized

as severe when adherence is poor — can be dramatic.
ED visits and hospitalizations — ICU requirement and
deaths to the worst — are surrogate outcomes that fully
justify the cause for concern. The cumulative annual
dose of OCS received during two to three exacerba-
tions in a year treated for 10 days with 1 mg/mg of
systemic steroids is equivalent to 5 mg every day.
Long-term secondary effects, such as osteoporosis or
diabetes mellitus, are also justifying this cause for
concern.

However, not all severe asthma patients will follow
the dramatic natural history of the disease encompass-
ing acute episodes of severe exacerbations and acceler-
ated decline of lung function. A large proportion will
respond to best efforts engaged comprising environ-
mental and triggers/precipitating factors management,
education and optimal pharmacological prescription.

How to measure adherence?

For clinicians, the therapeutic adherence might ideally
be presented as a dichotomous variable and perfectly
constant over time to avoid the requirement of any
subsequent reassessments.

Therapeutic adherence is assessing all factors poten-
tially associated with a poor control and/or the severity
of the disease (Table 2).

There are numerous tools to assess adherence and a
single one does not reflect the reality of the situation.
There are attempts to define pre-specified threshold
chosen to transform a continuous variable into a
dichotomous one. In the literature, different thresholds
have been used and validated, such as peak flow meter
use in a pre-defined period of time (between 50% and
85% of the expected use) [4, 17, 24].

According to this specific tool, therapeutic adherence
estimation ranged from 30 to 70% [6, 25-27], with
extreme values ranging from 0 to 100% [28-30]. Using
electronic devices connected to an inhaler and/or a
peak flow meter may help to quantify the compliance
(rather than adherence) to the prescription (frequency,
date, time, etc.). These technologies can be inserted in

Table 2. Factors assessed by therapeutic adherence: any precipiting or
triggering factor

Smoking and other at-risk behaviour

Absence of any preventive strategy

Inappropriate inhaler use

Auto-adjustment of doses below or above the prescription

Selective choice of non-observed medications

Erratic and/or intermittent therapeutic adherence

Unscheduled visits including hospitalization, emergency room
attendance

Missing visits, heath care nomadism

© 2012 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 42 : 1566-1574
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the devices. The patients can obtain the information or
not with a potentially different conclusion. In a previ-
ous trial where patients with severe asthma were asked
to fulfil an electronic peak flow during 15 days at the
beginning of the study and during the last 15 days of
the year of the trial, we observed a significant stability
of this pattern. This finding was in discrepancy with
previous reports, not targeting severe asthma, suggest-
ing that this behaviour was largely variable over time.
[22-31].

Other available tools to directly assess observance are
summarized in Table 3. There is no easy and pragmatic
way to assess adherence in the clinic at present.

Simple Morisky’s questionnaire is weaker than direct
interrogation and its use in clinical routine might not
be recommended. In routine practice, physicians are
likely to assess therapeutic adherence in all patients as
a synthesis of subjective criteria more or less pre-speci-
fied, such as the assessment of patient ability to handle

Table 3. Potential ways to assess therapeutic adherence

inhaler devices, knowledge about disease and action
plan in case of asthma exacerbations, knowledge about
treatments including doses and potential side effects,
regular attendance to physician’s clinics, regular pre-
scriptions renewal, symptoms and success of treatments,
expressed beliefs and concerns about treatments,
professional absenteeism, etc.

Most of the severe asthma patients overestimate their
level of observance because of memory recall, defence
or desire to please their health care provider. As a
result, most of the physicians tend to overestimate their
severe asthma patients adherence too [6].

The medical outcomes in severe asthma are clear. The
patient related outcomes are less well defined. The per-
spectives of the patients with severe asthma are hetero-
geneous. Some of them are keen to participate actively
in medical decisions when some are rather or totally
passive [32,33]. In most cases, the objectives are rarely
discussed in a real concerted partnership but can be

Tool Strengths Weaknesses

Peak flow and paper survey Easy Uncontrolled
Low cost Not directly assessing medication intake
Ethical
Lot of additional information

Electronic peak flow Controlled Not directly assessing medication intake
Objective
Ethical?

Hidden counter inserted in the inhaler device Objective Unethical

Direct and accurate assessment

Questionnaires (patient, related) Easy
Repeatable
Ethical
Low cost

Written diary card Easy
Low cost

Drugs measurements
Objective
Accurate

Weighting inhalers Repeatable

Relative low cost

Blisters counters Easy
Ethical
Accurate
Repeatable

Relative low cost

Accurate
Objective
Low cost

Pharmacists reports

Doctor’s appreciation Repeatable

Routinely performed

Low cost

Directly related to medication intake

Assess compliance rather than adherence
Not directly securing medication intake
Expensive

Unavailable in routine

Uncontrolled, memory recall

Lack of accuracy

Not directly securing medication intake

Missing or falsified data

Not directly securing medication intake
Expensive oral steroids only'”

No clear validated thresholds (usually Yes/No)
Ethical?

Not easy

Not directly securing medication intake

Not directly securing medication intake

Not directly securing medication intake
Ethical

Not so easy
Subjective
Mostly Inaccurate
Training

© 2012 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 42 : 1566-1574
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overtaken by different mechanisms, usually hidden and
silent. In a local team’s study, we observed that patients
who voluntarily agree to fulfil a diary blowing in an
electronic peak flow meter for the next 2 weeks when
being asked by their physicians were not necessarily
those who will really do it at the end [22]. This example
illustrates the discrepancies between compliance to the
doctor and overall therapeutic adherence in severe
asthma [33]. In clinical trials, adherence is usually
assessed by combining two criteria: the rate of e-diary
cards fulfilling and the count of emptied canisters
returned. Accepted percentages are highly variable over
trials and no clear threshold has been demonstrated as
more relevant than others. Encouraged adherence by
indemnity is newly proposed but may increase the gap
between trials and real-life studies.

Ideal tools to develop are currently in progress. They
combine adherence measurement and help for improve-
ment: electronic alarms, counters, inhalation efficacy
and strength. Telemedicine offers new perspectives for
adherence home-monitoring. Information highways led
by the Internet can overtake adherence assessment and
include educative and information support, airway func-
tion monitoring and personalized action plans [34-38].
This will be further discussed elsewhere in the article.

In conclusion, measuring adherence is not an easy
task and is usually not neutral for the patient and her
or his physician. It may involve many other specific
aspects such as social affiliation, psychological traits
including pain, societal costs and beliefs in health care
system. All these items are associated with medical out-
comes in severe asthma including exacerbation rate,
hospitalization, health-associated costs and disability. It
is then important that this approach does not impair
the alliance between patient with severe asthma and the
healthcare provider, which is the bottom line for the
future management. We locally use at the moment, a
combination of direct interview in a collaborative-mind,
associated with a scoring of device handling and treat-
ment knowledge. A specialized and dedicated nurse in
therapeutic education is routinely conducting a super-
vised interview where adherence is formally assessed.
Psychologist intervention is additionally required in all
difficult asthma cases, partly for adherence assessment.

Why do patients are so poorly adherent?

Unintentional poor adherence

The easiest poor adherence to assess in routine practice
is unintentional: devices handling usually require some
basic but essential competences. Treatments are often
complex and easily not adapted to any given patient. In
many countries, costs and access to health care services
are critical limiting factors. Other factors are usually

Table 4. Putative factors associated with non-adherence

Associated with Early onset/late onset

severe asthma Chronicity — daily symptoms/exacerbations

features Severity
Perception of symptoms
Associated with Duration

the treatment Regimens, number of daily doses

Route of treatments, complexity

Potential Side effects —(systemic steroids)

Time to significant symptom relief

Alternative medicines

Polymedication due to other comorbidities
(some linked to asthma ttt)

Frequency and duration of outpatient visits

Quality of human relationship

Quality of the team (especially for
therapeutic education)

Interest for therapeutic adherence

Associated with
the physician

Professional satisfaction

Social and institutional status

Coherence with other health care
professional (primary care)

Complexity of medical communication

Knowledge of the disease and treatments

Miscellaneous

Personal history and experiences

Forgetting, troubles of the memory,
Acceptation of the disease,

Beliefs in health

Age (adolescence)

Gender (female)

Marital status

Sociodemographics

Education level/social status

Incomes

Anxiety, depression, panic/chronic
psychiatric disorders

Extraversion, low social desirability

Coping

Locus of control, perceived control

Psychopathological

Psychological traits

related to memory, understanding and neurological
and/or psychiatric disorders.

Psychosocial determinants of adherence in severe
asthma

Many factors can affect therapeutic adherence. Table 4
summarizes most of them [6, 11, 39-49].

All these factors have been evoked and discussed.
None of them per se, if considered individually, fully
explained the adherence situation. The chronic psychi-
atric disorders are clearly the exception and most of the
authors agree on their real impact on adherence. As an
example, anxiety is a well-known risk factor for emer-
gency room visits and unusual large consumption of
short-acting bronchodilators. These factors are associ-
ated with a poor asthma control and therefore poten-
tially misleading to severe asthma. By some nosological
aspect, adherence issues should be addressed at the

© 2012 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 42 : 1566-1574
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highest currently available level before considering
asthma as severe.

In front of poor adherence to treatments, most of us
dream of a specific pattern related to any non-adherent
phenotype in severe asthma. However, this dream never
came true and we should investigate a composite scor-
ing system to better approach the different situations in
severe asthma.

“The locus of control” in psychology is referring to a
personality trait. There have been several questionnaires
aiming to discriminate on locus of control in subjects
with wvarious chronic diseases. Several studies have
described an association between an external locus of
control with a poor therapeutic adherence in asthma. In
this situation, the patients do believe that nothing could
really affect the natural history of the disease. This trait
was significantly associated with severity, hospitaliza-
tion and emergency room visits and poor quality of life
[22, 50-52].

The rate of patients considered as adherent to treat-
ment seems to be stable over years. This observation
suggests that despite increasing efforts worldwide
[53-55] for therapeutic education programs, some
changes are still required.

How to improve adherence, and does it work?

Physician behaviour and partnership between health
care providers and patients

Effective communication between patients and health
care providers is imperative for promoting adherence.
Frequent repetition and overall caregivers homogeniza-
tion of the discourse are required. Cultural beliefs
potentially including religious belonging can be an
important part of the relationship with important con-
sequences in terms of adherence to self-management
recommendations, including medications.

Devices improvement

In a 24-week randomized controlled study of adult/ado-
lescent patients with asthma, twice-daily reminders for
missed doses improved controller adherence by 18% in
favour of reminders, although there were no significant
differences in clinical outcomes [56]. In adults with
asthma, automated interactive voice response telephone
calls which inquired about symptoms, delivered educa-
tion and encouraged prescriptions refills resulted in a
32% improvement in controller adherence compared to
the control group, but no differences in clinical out-
comes were found [57].

Reminders maintain adherence in asthmatic children
[58], as does feedback to patients on their adherence to
medication. When patients are aware that their adher-

ence is being monitored it improves in the short-term
(e.g. 4 months) but studies with long-term monitoring
and feedback are needed [59, 60].

Education as a solution to poor therapeutic adherence
in severe asthma

The large gap between clinical trials and real life in terms
of asthma control is the highest support for promoting
therapeutic educative program development especially in
mild and moderate asthma [61-64]. Severe asthma
patients are mostly permanently uncontrolled despite
regular optimal therapy, otherwise they should rather be
considered as difficult asthma [1, 7, 65]. Thus, conflicting
data exists on the subject but most authors claimed that
severe asthma patients were not necessarily the best can-
didates for education. Meta-analyses published since
2000 are summarized in Table 5. Few of these studies
addressed specifically the question of severe asthma and
asthma population was largely heterogeneous. Conclu-
sions are spread and not always focusing on clear medi-
cal and/or patient-related outcomes.

Despite these contrasting results, education programs
are scientifically proven to be worth efforts in asthma
and should be encouraged even though modalities and
pathways are likely to progress and to be specifically
developed in each centre and potentially outside. All
health care providers can be part of the process but
pluridisciplinary labelled teams are still required [55,
66] with a common and concordant message. In a part-
nership climate, adherence monitoring, increased fol-
low-up visits frequency, shared decision process are
interesting health care providers behavioural decisions.
Specificities, superiority and details of different types of
programs more or less specifically designed for individ-
uals are described elsewhere but rarely extensively
detailed, which is another source of questioning.

Education comprises many different aspects, but not
all interventions proposed to improve adherence are
considered as belonging to education.

Internet and home-tailoring of asthma

Between visits lack of information is usually seen as
the unmet need for assessing correctly the every day’s
life of asthma patients. Internet offers a broader
approach than all other tools but only in patients
adherent to the concept.

Different experiences of internet-based home-moni-
toring of asthma (encompassing adherence reinforce-
ment, repeated assessments of control, PEF measurements,
education and information supports, etc.) have now
been reported [34-38]. Even though the absolute result
in terms of asthma exacerbations and control are not
evenly reported, it seems that at least large indicators

© 2012 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 42 : 1566-1574
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Table 5. Education in asthma meta-analysis published since 2000

Author N Objectives Main result
Haby®' 8 studies Education Impact in the No modification of hospitalization and
Children ER and after ER visits ER visits rate
Gibson®? 11 studies Impact of asthma knowledge No improvement
Adults > 16 years on medical outcomes
Gibson (2002) 36 studies Impact of autogestion (written Decrease in unscheduled visits
Adults > 16 years action plan, autocontrol and regular visits) Decrease in symptoms levels and improved
Mild to moderate asthma lung function
Guevara®’ 32 studies Peak flow based action plan Decrease in ER visits.
Children/teenagers Improved lung function
Better autocontrol perception
Decrease in health care consumption and
absenteeism
Toelle** 7 studies Impact of individual action plan No improvement of health outcomes
Children/adults
Smith®® 57 studies (21 adults, 35 children) Psycho educative interventions Low reduction in hospitalization for adults
Difficult asthma and children. Symptom improvement
in children
Bhogal®® 4 studies Impact of individualized action Symptoms based Action plan was more
Children/teenagers plan (symptoms vs. peak-flow) efficient than peak flow in ER visits decrease
Tapp®’ 12 studies Adults Education Impact in the ER and Decrease in readmission rate. Improved
after ER visits inhalers handling
Lower rate of missed visits. Cost effective
Bailey”® 4 studies Cultural vs. standard educative Improved knowledge
Children/adults approach Improvement of QOL
Coffman®® 37 studies Health care use in Emergency Decreased rates of hospitalization and ER
Children aged 2-17 years situations visits. No modification of unscheduled visits
Sarver® Children Comparing educative strategies Strategies directed towards patients

directed towards patients vs. disease

improved asthma control

of health care status such as quality of life can be
improved using such tools. Specifically, Van der Meer
reported in a controlled study of 200 adults with
asthma a sustained improvement in quality of life at 3
and 12 months (AQLQ); moreover, FEV1s values
improved in the intervention group of 200 mL at 1 year
(p 0.038). This technique tended to improve ACQ of one
step (uncontrolled to partly controlled, partly controlled
to totally controlled) and is cost-effective [35-37].
These results are more contrasted in adolescents and
children. To the most, home monitoring of asthma
using FeNO sounded like a promising future of asthma
management especially in populations where question-
ing and reliability are supposed to be low or variable.
Interestingly, the first large-scale study addressing the
question of FeNO home-tailoring reported negative
results [67]. The percentage of days free of symptoms
improved in both intervention and control groups in a
similar range, potentially due to the high frequency of
phone calls (once a week) and visits (every 9 weeks) in
this 30-week study. All of us can now understand how
anybody will feel or not, the interest and benefits of
this kind of help. Some specific populations are poten-
tially to be selected and identified, as those intuitively
studied first (children and adolescent) did not respond.

Assessing the true environment for a given patient

In a larger view, environmental advisers who can pro-
vide in-home visits and adequate environmental mea-
surements in the setting of a partnership with the
patient (evident or hidden allergens, smoking, pollu-
tions, indoor organic volatile compounds, CO concen-
tration, etc.) will potentially address the question of a
broader approach of what is adherence when the physi-
cian claims for a perfect environment control. Time for
education and developed advices in a more appropriate
site (where the patient lives, outside the hospital which
is clearly not the best site for therapeutic education) are
the immediate consequences of this integrated approach
mixing measurement and intervention. Of course,
patient’s agreement is a pre-requirement and potentially
this approach will forget the best candidates as asthma
schools did in the past.

Conclusion

Adherence is a vast domain of competency where a
pluridisciplinary approach is required. Specific tools are
urgent unmet needs while their place in patients’ man-
agement is a source of debate especially in patients

© 2012 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 42 : 1566-1574
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considered as severe. Accordingly, highest steps of
severity should be restricted to patients extensively

investigated with a special focus on persistent adher-

ence. Medical consequences are important enough to
justify increasing efforts of understanding and preven-
tion interventions are personalized using an educa-
tional diagnosis. Growing psychological assessment and

interest.

understanding of adherence in the field of severe
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