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Why aren’t we doing better in asthma: time for personalised
medicine?
Mike Thomas1,2,3,4

After decades of improvement, asthma outcomes have stalled. Mortality, hospitalisations, exacerbations and symptom control
remain sub-optimal. In controlled trials, most patients gain high levels of control, but in ‘real-life’ routine clinical practice most
patients do not. Avoidable factors are found in most asthma deaths and hospital admissions. This perspective paper considers and
contextualises the factors underlying poor asthma outcomes, and it suggests approaches that could improve the situation. Factors
discussed include severe, therapy-resistant disease and the role of new and upcoming pharmacological therapies in improving
outcomes. These are likely to be beneficial when targeted on patients with severe disease and discrete phenotypic characteristics,
identified through biomarkers. However, for the majority of patients treated in the community, they are unlikely to be used widely,
and better use of current therapy classes will be more important. Non-adherence with regular inhaled corticosteroid treatment and
over-use of rescue bronchodilators are common, and many patients have poor inhaler technique. Self-management is frequently
poor, particularly in those with psychosocial disadvantages and co-morbidities. Communication between clinicians and patients is
sometimes poor, with failure to detect avoidable poor control and non-adherence, and failure to provide the necessary information
and education to support efficient self-management. Strategies for improving monitoring and clinician–patient interactions to
allow personalised treatment are considered. These strategies have the potential to allow individual patient needs to be recognised
and efficient targeting of the variety of effective pharmacological and non-pharmacological interventions that we possess, which
has the potential to improve both individual and population outcomes.
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INTRODUCTION
Despite effective therapies and an ongoing major investment on
the part of commissioners of services and of research, asthma
outcomes remain much worse in ‘real life’ than they could be, and
much worse than those achieved in controlled trials. This
perspectives paper aims to explore the complex web of factors
relating to pathology, patients, clinicians and health systems to
understand why we have stopped making progress and what we
can do to improve outcomes.

IMPROVEMENTS IN ASTHMA OUTCOMES HAVE STALLED
The remarkable improvements in asthma outcomes at the end of
the last century are among the great achievements of medicine.
Despite increasing prevalence,1 progressive improvements
occurred in hospitalisation, mortality, symptom control and quality
of life, through safe, effective medication and structured, proactive
care.2 Primary care generalists took on diagnosis and manage-
ment for most patients, with hospital-based specialist care
reserved for those with severe, therapy-resistant disease and poor
control. In hindsight, a misplaced sense of complacency arose.
Unfortunately, the new millennium has shown that such an

optimism was premature; asthma remains common, incurable and
outcomes have stalled.3 The disease burden remains huge,
resulting in similar levels of global health impairment as chronic
liver disease and schizophrenia.4 People continue to die and
experience severe, life-threatening attacks, which are frequently

avoidable.5 Most of them experience regular symptoms6 and
impaired ability to lead a full, productive life, resulting in large
direct and even larger indirect costs.7 The aims of management
are to reduce the impact on daily life (assessed by symptoms,
quality of life, health resource use and biomarkers of disease
activity) and the risk of adverse events (death, hospitalisation,
exacerbations and lung damage).8 Surveys have shown little or no
recent improvements in these outcomes in most developed
countries. For instance, mortality and hospitalisation rates in the
UK have not improved,9,10 with marked regional variations.11 The
majority of European patients continue to report significant
symptoms,6 except countries prioritising asthma as a public health
problem.12 This has occurred despite a continual stream of new
licensed asthma products, and evidence that in tightly structured
clinical trial settings most patients can achieve good control.13

REASONS FOR POOR CONTROL: CLINICIAN-RELATED FACTORS
Although a huge effort has gone into producing and updating
asthma guidelines aimed largely at primary care practitioners,
clinician adherence with, and implementation of, guidelines is
frequently poor. Both diagnostic and prescribing patterns often do
not accord with actual care.9 For instance, guidelines recommend
that quality-assured spirometry should be performed on all
patients with suspected asthma to demonstrate obstruction and
reversibility; yet, objective lung function is often not measured at
all, and there are ongoing issues about the consistency of the
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quality of primary care spirometry.14 In cases of diagnostic
uncertainty, guidelines recommend the use of objective tests
such as measurement of bronchial hyper-reactivity or airways
inflammation, but in practice these are usually not currently
available to primary care clinicians in most health systems. Audits
of prescribing patterns in primary care clinicians often show
prescribing not in accord with guideline recommendations,15

including overprescribing of rescue bronchodilators, underuse of
inhaled corticosteroids (ICS), use of long-acting β2-agonists
(LABAs) as monotherapy and over-use of high doses of inhaled
ICS, particularly in children.16 These observations point to an
ongoing problem of dissemination of best practice and a likely
unawareness of guidelines and of spirometry performance or
interpretation in some practitioners, with a need for better
education and implementation strategies. It is also clear that many
patients find it hard to engage with the systems of health care
that have been developed for asthma and other long-term
conditions that we are unable to cure. Although best care for
chronic diseases is proactive and involves self-management
education, many patients only attend for care when in a crisis.
Increasing numbers of patients have one or more long-term
conditions (multimorbidity), yet systems of care are usually
directed towards single conditions.17

REASONS FOR POOR CONTROL: THERAPY-RESISTANT DISEASE
The ‘stepped’ pharmacotherapy approach of asthma guidelines
perhaps encourages the belief that ‘stronger’ medication is
needed when the control is poor. Undoubtedly, some patients
have intrinsically severe, therapy-resistant disease, requiring more
effective treatments. However, even in this group, good quality
management (including effective education in self-management)
can often improve outcomes.18 The complexity and heterogeneity
of asthma is increasingly understood, particularly in difficult
asthma, and the phenotypes19 and endotypes20 constituting the
asthma syndrome are better described, allowing specific groups to
be identified and targeted. However, severe asthma only affects
5–10%,9 and even here behavioural factors are common.21 Greater
understanding of biological abnormities with the use of biomar-
kers to define ‘responder’ groups allows targeting of expensive
treatments involving monoclonal antibodies. Anti-IgE is now a
part of care, and other mediator modulators are in late-phase
clinical trials.3 We can be optimistic that new treatments will soon
be available and, if used appropriately in dedicated ‘difficult
asthma’ clinics with the necessary expertise, will be clinically
effective, as well as cost effective. Indiscriminate use in everyone
doing badly will not work. Psychosocial problems and non-
adherence are particularly common in this group, and the
involvement of primary care in coordinated, integrated multi-
disciplinary care is vital.22

Yet majority of patients rarely see a hospital pulmonologist, and
the control remains poor in those with ‘milder’ disease. Although
some may have severe disease, the likelihood is that for most of
them the reasons lie elsewhere. The UK National Review of Asthma
Deaths has shown that most deaths occurred in those considered
‘mild’.5 Few advances have occured in pharmacotherapy since
the leukotriene receptor antagonists, which have a role as an add-
on therapy. The mainstay of treatment remains ICS, with LABA as
first choice add-on therapy. Newer ICS and LABA molecules show
some advantages in pharmacological properties, which may result
in limited incremental clinical improvements for some; however,
benefits largely relate to medication classes. Once-daily dosing
may improve adherence and is preferred by patients, although the
benefits over twice-daily regimes are not clear. The variety of
inhaler delivery devices grows, with some being easier to use and
to teach. However, despite the profusion of devices and molecules,
control remains far from optimal.

PATIENT-RELATED FACTORS IN POOR CONTROL: ADHERENCE
AND INHALER TECHNIQUE
Possibly the most common reasons for poor control are that many
patients either do not take treatment regularly or have poor
inhaler technique. Asthma is characterised by persistent airways
inflammation, although manifestations are at times subclinical.
The evidence for ICS is for regular use, and non-adherent patients
do not get into trials or are excluded as protocol violators.
However, in ‘real life’, adherence problems are ubiquitous. Regular
ICS protect against death,23 hospitalisation,24 exacerbations25 and
improve symptom control and quality of life. It is a source of
bewilderment to clinicians that many patients use ICS sporadically
or not at all. Adherence rates in asthma range from 30 to 70%,
with under 50% of children adhering to prescribed regimens.26

Non-adherence with ICS is associated with progressively worse
outcomes as use decreases,19,20 and it is common in asthma
deaths.5 It is estimated that each 25% increase in time without ICS
medication results in a doubling of the rate of asthma-related
hospitalisations.27 The reasons for non-adherence are complex,
and they include ‘non-intentional’ non-adherence—for example,
forgetting medication—and ‘intentional’ non-adherence—a con-
scious decision not to use medication as prescribed. From their
perspective, patients make a rational decision, based on their
assessment of health needs and risks. Many overestimate the
ICS-related risks and underappreciate the benefits of regular
treatment. Some worry that the ICS ‘wear off’ with regular use
despite the lack of objective evidence of tachyphylaxis. The
relatively slow time course of ICS leads some to conclude that they
do not work for them, particularly in comparison with the rapidly
perceptible effects of bronchodilators. As many patients experi-
ence asthma as being intermittent, some only recommence ICS
when symptomatic. LABAs are an effective add-on therapy, but
they are unlicensed and associated with the risk of adverse events
and even death when used without ICS.28 Unfortunately, this
pattern of use continues to occur in real life, sometimes with tragic
results.5

We encourage self-management, which is clearly necessary in a
variable long-term condition. However, we fail to appreciate that
non-adherence is also a form of self-management, although based
on misunderstandings and inadequate information, and thus it is
fundamentally a problem of inadequate patient–clinician com-
munication. Some clinicians ‘blame’ patients for non-adherence,
considering it irresponsible, a breach of the doctor–patient
relationship and beyond their remit to remedy;29 yet, it is likely
that adherence would increase if the rationale was explained
in a way they understood and assimilated. Self-management
education,30 involving patients in decisions,31 simplified treatment
regimes32 and discussion of non-adherence when detected (for
example, through the monitoring of refill prescription rates)33 all
improve adherence and outcomes. There is a growing interest in
using IT to support self-management and education.34 To
progress, we have to work in partnership with patients, respecting
their autonomy and recognising that they will self-manage most
of the time whatever we do. Our responsibility is to ensure that
their decisions are based on good information.
Correct inhaler technique is necessary for medication delivery

and again the guideline evidence comes from fully trained
patients demonstrating good technique. Unfortunately, in ‘real
life’, many patients use their inhaler badly—most will make some
errors and many make ‘critical errors’ that result in little or no
medication delivery. It is unsurprising that there is a relationship
between the number of errors and asthma control.35 Some
inhalers are easier than others, and often the least expensive
devices are hardest to use and teach.36 Ideally, all would be
educated in inhaler technique by suitably qualified professionals
when first prescribed, and checked at least annually and after loss
of control. However, once again in ‘real life’ this does not happen
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frequently—some are never instructed, other than from printed
packaging inserts, and many are not periodically reassessed and
corrected.37 Indeed, some clinicians cannot demonstrate the
correct technique themselves. It is incumbent on the prescriber
to ensure correct technique, either personally or delegating to
colleagues—for example, nurses or pharmacists.

PATIENT-RELATED FACTORS IN POOR CONTROL:
PSYCHOSOCIAL AND BEHAVIOURAL FACTORS
As an incurable, life-long condition, asthma heavily affects well-
being. Friends, colleagues and sometimes health professionals can
fail to appreciate fully the impact asthma has on people’s lives.
The recurrent and unpredictable experience of having to struggle
to breathe is frightening and disturbing, and it can undermine
well-being and stability. Those with other life stressors, such as
co-morbidity, psychosocial disadvantage or with genetically or
environmentally programmed lack of resilience, may experience
symptoms as more distressing. All clinicians know that some
patients cope better with illness than others. Some do well despite
objectively severe asthma, whereas others have high symptom
levels and multiple subjective problems despite apparently mild
disease. Patient-reported outcomes, such as symptoms and
quality of life, correlate poorly with ‘objective’ physiological and
pathological parameters of disease control,38,39 although they are
strongly correlated with psychosocial measures.40 Socioeconomic
factors, multimorbidities and psychological state41 have a strong
relationship with asthma outcomes of every type, and anxiety is
the strongest independent predictor of the unpleasantness of
breathlessness for a given degree of brochoconstriction.42

Symptoms, quality of life, health resource use, exacerbation
frequency and even mortality are independently related to
psychological state, with one study reporting psychiatric
co-morbidity accounting for 29% of symptom variance.43

Psychological dysfunction is six times as common in people
with asthma,37 and asthma-related quality of life correlates more
closely with psychological and social status than lung function or
treatment step.44 The underlying mechanisms probably relate
to a variety of overlapping biological and behavioural factors.
Functional neuroimaging has shown that brain structures
mediating breathlessness are closely related anatomically and
functionally to those processing emotions,45 and emotional state
may influence immunological responses.46 Anxiety is associated
with impaired self-management.47 Hyperventilation and dysfunc-
tional breathing are associated with anxiety, occur in asthma and
may trigger bronchoconstriction and asthma-like symptoms,48

with simple breathing control exercises improving symptoms and
quality of life.49 A certain amount of anxiety is natural and
inevitable with distressing symptoms, such as dyspnoea, and it
can promote appropriate responses such as seeking help or using
necessary medication, but excessive anxiety or inappropriate
responses can result in a ‘negative feedback’ situation of
worsening symptoms leading to further emotional and cognitive
distress.

MOVING FORWARD: HOW CAN WE DO BETTER?
We need to get smarter in asthma. We do need new treatments,
but we can do much better with what we already have. We require
appropriately trained primary care professionals who are
adequately resourced to provide quality asthma care. The first
requirement is to detect poor control and risk. Unfortunately,
patients may not volunteer how symptomatic they are, having
grown accustomed to this over the years, and clinicians may not
ask probing-enough questions. Structured reviews incorporating
objective symptom assessment (ideally using validated question-
naires) will often uncover unmet need. Risk stratification to
identify those at higher risk of attacks is feasible and can lead

to better outcomes.50 Assessing rescue bronchodilator use
(for example, by repeat prescription monitoring) is often revealing.
Having uncovered poor control and risk, the next step is to
understand why. Stepping up pharmacotherapy may be right for
some patients, but addressing adherence, technique, rectifying
self-management deficiencies and identifying co-morbidities
(for example, anxiety, rhinitis, obesity, smoking) may be helpful
in others. Simple behavioural techniques such as breathing
exercises or anxiety management may help appropriately
identified patients. For those needing increased treatment, better
characterisation may lead to more rational and targeted treatment
—for example, biomarker evidence of ongoing inflammation may
point to the need for more effective anti-inflammatory treatment
rather than increased bronchodilatation.51 Current guidelines
provide a stepped approach for all patients as if they were
similar, based on group mean data from clinical trials. However,
responder analyses reveal remarkable heterogeneity of response
to different treatments.52 The future lies in a stratified, individua-
lised approach to asthma care;53 this is starting to occur at the
severe end of the spectrum, but may be equally feasible and cost
effective in wider asthma populations. We have a range of
assessment options, including monitoring medication use, vali-
dated patient-reported outcome measures and simple, near-
patient objective tests and a variety of treatment options (both
pharmacological and non-pharmacological) that we need to
target appropriately. Having spent years dissecting asthma and
unravelling its complexity, we now need to put this information
together into coherent, patient-orientated personalised care.

CONCLUSION
Although asthma outcomes have stalled, we should use this as a
spur to changing models of care rather than as a source of gloom.
Our ever-increasing knowledge of the complexity and hetero-
geneity of asthma, together with a better understanding of how
patient and clinician behaviour can be modified to make better
use of the resources we do possess, allows us potential new
avenues in care. It is unlikely in the foreseeable future that we can
‘cure’ asthma, but we should be able to characterise our patients
better, in particular those who, for one reason or another, are not
doing well, and for most there will be effective strategies for
improving outcomes. However, the most effective intervention(s)
will vary greatly between patients, and a ‘one size fits all’ approach
will no longer suffice. As with other long-term conditions, we need
to help our patients cope with the diverse consequences of
having an illness that we can control but not take away.

COMPETING INTERESTS
Neither MT nor any member of his close family has any shares in pharmaceutical
companies. In the past 3 years, he has received the speaker’s honoraria for
speaking at sponsored meetings or satellite symposia at conferences from the
following companies marketing respiratory and allergy products: Aerocrine, Astra
Zeneca, Boehringer Inglehiem, GSK, MSD, Novartis and Teva. MT is the former
chief medical adviser to the charity Asthma UK, a member of the BTS SIGN
Asthma guideline group and the NICE Asthma guideline group. MT is an Associate
Editor of npj Primary Care Respiratory Medicine, but was not involved in the
editorial review of, nor the decision to publish, this article.

FUNDING
MT has received funding for research projects from GSK and Almirall.

REFERENCES
1 Eder W, Ege MW, von Mutius E. The asthma epidemic. N Engl J Med 2006; 335:

2226–2235.
2 Tattersfield AE, Knox AJ, Britton JP, Hall IP. Asthma. Lancet 2002; 360: 1313–1322.

Time for personalised medicine in asthma?
M Thomas

3

© 2015 Primary Care Respiratory Society UK/Macmillan Publishers Limited npj Primary Care Respiratory Medicine (2015) 15004



3 Martinez FD, Vercelli D. Asthma. Lancet 2013; 382: 1360–1372.
4 Masoli M, Fabian D, Holt S, Beasley R. Global Initiative for Asthma (GINA) Program

The global burden of asthma: executive summary of the GINA Dissemination
Committee report. Allergy 2004; 59: 469–478.

5 Levy M, Andrews R, Buckingham R, Evans H, Francis C, Houston R et al. Why
Asthma Still Kills: The National Review of Asthma Deaths (NRAD) Confidential
Enquiry report. RCP: London, 2014. Available at https://www.rcplondon.ac.uk/sites/
default/files/why-asthma-still-kills-full-report.pdf.

6 Demoly P, Gueron B, Annunziata K, Adamek L, Walters RD. Update on asthma
control in five European countries: results of a 2008 survey. Eur Respir Rev 2010;
19: 150–157.

7 Barnes PJ, Jonsson B, Klim JB. The costs of asthma. Eur Respir J 1996; 9: 636–642.
8 Reddel HK, Taylor DR, Bateman ED, Boulet LP, Boushey HA, Busse WW et al. An

official American Thoracic Society/European Respiratory Society statement:
asthma control and exacerbations: standardizing endpoints for clinical asthma
trials and clinical practice. Am J Respir Crit Care Med 2009; 180: 59–99.

9 Department of Health, UK. An outcomes strategy for people with chronic
obstructive pulmonary disease (COPD) and asthma 2011. Available at https://
www.gov.uk/government/uploads/system/uploads/attachment_data/file/216139/
dh_128428.pdf (2011).

10 Anderson HR, Gupta R, Strachan DP, Limb ES. 50 Years of asthma: UK trends
1955-2004.Thorax 2007; 62: 85–90.

11 NHS. NHS Atlas of variation in healthcare for people with respiratory disease.
Available at www.tightcare.nhs.uk/atlas/ (2012).

12 Haahtela T, Tuomisto LE, Pietinalho A, Klaukka T, Erhola M, Kaila M et al. A 10 year
asthma programme in Finland: major change for the better. Thorax 2006; 61:
663–670.

13 Bateman ED, Boushey HA, Bousquet J, Busse WW, Clark TJ, Pauwels RA et al. Can
guideline-defined asthma control be achieved? The Gaining Optimal Asthma
ControL study. Am J Respir Crit Care Med 2004; 170: 836–844.

14 Enright P. The use and abuse of office spirometry. Prim Care Respir J 2008; 17:
238–242.

15 Rabe KF, Vermeire PA, Soriano JB, Maier WC. Clinical management of asthma in
1999: the Asthma Insights and Reality in Europe (AIRE) study. Eur Respir J 2000; 16:
802–807.

16 Thomas M, Turner S, Leather D, Price D. High dose inhaled corticosteroid use in
childhood asthma: an observational study. Br J Gen Pract 2006; 56: 788–790.

17 Guthrie B, Payne K, Alderson P, McMurdo ME, Mercer SW. Adapting clinical
guidelines to take account of multimorbidity. BMJ 2012; 345: e6341.

18 Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ et al. International
ERS/ATS guidelines on definition, evaluation and treatment of severe asthma. Eur
Respir J 2014; 43: 343–373.

19 Haldar P, Pavord I, Shaw D, Berry M, Thomas M, Brightling C et al. Cluster analysis
and clinical asthma phenotypes. Am J Respir Crit Care Med 2008; 178: 218–224.

20 Anderson GP. Endotyping asthma: new insights into key pathogenic mechanisms
in a complex, heterogeneous disease. Lancet 2008; 372: 1107–1119.

21 Heaney LG, Robinson DS. Severe asthma treatment: need for characterising
patients. Lancet 2005; 365: 974–976.

22 Bousquet J, Addis A, Adcock I, Agache I, Agusti A, Alonso A et al. Integrated care
pathways for airway diseases (AIRWAYS-ICPs). Eur Respir J 2014; 44: 304–323.

23 Suissa S, Ernst P, Benayoun S, Baltzan M, Cai B. Low-dose inhaled corticosteroids
and the prevention of death from asthma. N Engl J Med 2000; 343: 332–336.

24 Suissa S, Ernst P, Kezouh A. Regular use of inhaled corticosteroids and the long
term prevention of hospitalisation for asthma. Thorax 2002; 57: 880–884.

25 Adams N, Bestall JM, Lasserson TJ, Jones PW. Inhaled fluticasone versus inhaled
beclomethasone or inhaled budesonide for chronic asthma in adults and
children. Cochrane Database Syst Rev (2): CD002310.

26 Horne R. Compliance, adherence, and concordance: implications for asthma
treatment. Chest 2006; 130(1 Suppl): 65S–72S.

27 Williams LK, Pladevall M, Xi H, Peterson EL, Joseph C, Lafata JE et al. Relationship
between adherence to inhaled corticosteroids and poor outcomes among adults
with asthma. J Allergy Clin Immunol 2004; 114: 1288–1293.

28 Sears MR. Safety of long-acting beta-agonists: are new data really required? Chest
2009; 136: 604–607.

29 DeWeever A. Asthma patients must share responsibility. Pulse 2014; June:48.
http://content.yudu.com/Library/A2vogl/PulseJune2014/resources/48.htm.

30 Gibson PG, Powell H, Wilson A, Abramson MJ, Haywood P, Bauman A et al. Self-
management education and regular practitioner review for adults with asthma.
Cochrane Database Syst Rev 2003; CD001117.

31 Wilson SR, Strub P, Buist AS, Knowles SB, Lavori PW, Lapidus J et al. Shared
treatment decision making improves adherence and outcomes in poorly
controlled asthma. Am J Respir Crit Care Med 2010; 181: 566–577.

32 Stoloff SW, Stempel DA, Meyer J, Stanford RH, Carranza Rosenzweig JR. Improved
refill persistence with fluticasone propionate and salmeterol in a single inhaler
compared with other controller therapies. J Allergy Clin Immunol 2004; 113:
245–251.

33 Gamble J, Stevenson M, Heaney LG. A study of a multi-level intervention to
improve non-adherence in difficult to control asthma. Respir Med 2011; 105:
1308–1315.

34 Morrison D, Wyke S, Agur K, Cameron EJ, Docking RI, Mackenzie AM et al. Digital
asthma self-management interventions: a systematic review. J Med Internet Res
2014; 16: e51.

35 Giraud V, Roche N. Misuse of corticosteroid metered-dose inhaler is associated
with decreased asthma stability. Eur Respir J 2002; 19: 246–251.

36 Lenney J, Innes JA, Crompton GK. Inappropriate inhaler use: assessment of
use and patient preference of seven inhalation devices. Respir Med 2000; 94:
496–500.

37 Virchow JC, Crompton GK, Dal Negro R, Pedersen S, Magnan A, Seidenberg J et al.
Importance of inhaler devices in the management of airway disease. Respir Med
2008; 102: 10–19.

38 Teeter JG, Bleecker ER. Relationship between airway obstruction and respiratory
symptoms in adult asthmatics. Chest 1998; 113: 272–277.

39 Juniper EF, Wisniewski ME, Cox FM, Emmett AH, Nielsen KE, O'Byrne PM.
Relationship between quality of life and clinical status in asthma: a factor analysis.
Eur Respir J 2004; 23: 287–291.

40 Rimington LD, Davies DH, Lowe D, Pearson MG. Relationship between anxiety,
depression, and morbidity in adult asthma patients. Thorax 2001; 56: 266–271.

41 Thomas M, Bruton A, Moffat M, Cleland J. Asthma and psychological dysfunction.
Prim Care Respir J 2011; 20: 250–256.

42 Spinhoven P, Peski-Oosterbaan AS, Van der Dooes AJ, Willelms NJ, Sterk PJ.
Association of anxiety with perception of induced bronchoconstriction in patients
with asthma. Thorax 1997; 52: 149–152.

43 Lavoie KL, Bacon SL, Barone S, Cartier A, Ditto B, Labrecque M. What is worse for
asthma control and quality of life: depressive disorders, anxiety disorders,
or both? Chest 2006; 130: 1039–1047.

44 Moy ML, Lantin ML, Harver A, Schwartzstein RM. Language of dyspnea in
assessment of patients with acute asthma treated with nebulized albuterol. Am J
Respir Crit Care Med 1998; 158: 749–753.

45 von Leupoldt A, Sommer T, Kegat S, Baumann HJ, Klose H, Dahme B et al. The
unpleasantness of perceived dyspnea is processed in the anterior insula and
amygdala. Am J Respir Crit Care Med 2008; 177: 1026–1032.

46 Rosenkranz MA, Busse WW, Sheridan JF, Crisafi GM, Davidson RJ. Are
there neurophenotypes for asthma? Functional brain imaging of the
interaction between emotion and inflammation in asthma. PLoS One 2012; 7:
e40921.

47 Bender BG. Risk taking, depression, adherence, and symptom control in adoles-
cents and young adults with asthma. Am J Respir Crit Care Med 2006; 173:
953–957.

48 Thomas M, McKinley RK, Freeman E, Foy C. Prevalence of dysfunctional breathing
in patients treated for asthma in primary care: cross sectional survey. BMJ 2001;
322: 1098–1100.

49 Thomas M, McKinley RK, Mellor S, Watkins G, Holloway E, Scullion J et al.
Breathing exercises for asthma: a randomised controlled trial.Thorax 2009; 64:
55–61.

50 Smith JR, Noble MJ, Musgrave S, Murdoch J, Price GM, Barton GR et al. The at-risk
registers in severe asthma (ARRISA) study: a cluster-randomised controlled
trial examining effectiveness and costs in primary care. Thorax 2012; 67:
1052–1056.

51 Green RH, Brightling CE, McKenna S, Hargadon B, Parker D, Bradding P et al.
Asthma exacerbations and sputum eosinophil counts: a randomised
controlled trial. Lancet 2002; 360: 1715–1721.

52 Szefler SJ, Martin RJ. Lessons learned from variation in response to therapy in
clinical trials. J Allergy Clin Immunol 2010; 125: 285–292.

53 Holgate ST. Stratified approaches to the treatment of asthma. Br J Clin Pharmacol
2013; 76: 277–291.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this

article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

Time for personalised medicine in asthma?
M Thomas

4

npj Primary Care Respiratory Medicine (2015) 15004 © 2015 Primary Care Respiratory Society UK/Macmillan Publishers Limited

http://creativecommons.org/licenses/by/�4.0/
http://creativecommons.org/licenses/by/�4.0/

	Why aren&#x02019;t we doing better in asthma: time for personalised medicine?
	INTRODUCTION
	Improvements in asthma outcomes have stalled
	Reasons for poor control: clinician-related factors
	Reasons for poor control: therapy-resistant disease
	Patient-related factors in poor control: adherence and inhaler technique
	Patient-related factors in poor control: psychosocial and behavioural factors
	Moving forward: how can we do better?
	CONCLUSION
	A9
	A10
	REFERENCES




