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Asthma presents a paradigm for the benefits of self-management,
more than any other chronic disease. This is due to both the rapid
and unpredictable nature of asthma worsenings and the
remarkable ability for inhaled anti-inflammatory medications to
mitigate these worsenings.
This self-management is operationalized through a written

asthma action plan (AAP)—a simple piece of paper with a “green
zone” describing good asthma control and reinforcing baseline
medications, a “yellow zone” describing acute loss of control and
corresponding instructions for therapeutic intensification, and a
“red zone” indicating severe symptoms prompting immediate
medical assistance.1 The functional principle of this tool is simple:
if patients quickly intensify therapy when their asthma starts to
worsen, they can avert a full-blown flare and the need for urgent
healthcare and systemic corticosteroids.
Throughout the 1990s, this intuitive concept was put to the test

in a series of randomized-controlled trials (RCTs). In 2000, and
again in 2003, Gibson and colleagues systematically reviewed
these data in a Cochrane review of 18 RCTs, concluding that use of
a written AAP in conjunction with education and regular clinical
review significantly reduces hospitalizations, emergency room
visits, unscheduled visits to the doctor, number of days off work or
school, and nocturnal asthma symptoms, and significantly
improves quality of life.2 Accordingly, as early as 1996,3 asthma
guidelines across the world recommended that each asthma
patient should receive an AAP.
Yet over 20 years later, use of AAPs remains a niche practice,

and a glaring example of ineffective respiratory guideline
implementation. Only 29% of patients received an AAP in a
2001 Australian study,4 and 23% in a 2006 UK report.5 More recent
data are even more disappointing, with only 4% of surveyed
Canadian primary care physicians reporting consistently providing
a written AAP,6 and only 2% of Canadian7 and American8 patients
having actually received one. Although this problem has mostly
been reported in primary care, where the majority of asthma
patients are seen, AAP delivery remains below 50% even in tertiary
care centers.9

So what went wrong? Primary care barriers to AAP delivery have
been well-described. Some barriers have to do with the AAPs
themselves. Our analysis of 69 AAPs collected from prior RCTs and
existing asthma programs across the world demonstrated large
variability in both their content and format, and poor usability.10

Most plans were developed ad-hoc, and by content experts
exclusively. Other barriers exist at the level of providers, the practice
environment, and the overall health care system. Qualitative studies

indicate that a majority of physicians consider AAPs to be important,
but fail to provide them due to lack of time.11 In addition, physicians
are limited by lack of experience and confidence in generating
appropriate AAP recommendations, lack of confidence in their
patients’ ability to utilize them,12 and lack of their availability at the
point of care.11,13,14 In one study, 30% of physicians attending an
asthma skills workshop were unable to prepare an adequate AAP,
with the main knowledge gap surrounding how to change therapy
in the yellow zone of the AAP.14

In turn, this knowledge gap may be driven by poor guidance.
Primary care physicians complain that guidelines are too lengthy,
ambiguous, and complex, and are presented in too rigid a fashion
for practical application in individual patients.15 Our recent
analysis identified corresponding concerns with the “implement-
ability” of several guidelines.15 Although the most recent Canadian
Asthma Guideline (2012) attempts to address this knowledge gap
by providing evidence-based recommendations for changes to
therapy in the yellow zone of the AAP, this complex process
remains challenging to operationalize.
In order to try to address these knowledge and usability barriers,

our group sought to develop a practical, evidence-based, point-of-
care guide for populating adult AAP yellow zone instructions. To
achieve this, we started with a review of AAP guidance found in
major asthma guidelines published in the last five years (including
the Global Initiative for Asthma (GINA), British Thoracic Society/
Scottish Intercollegiate Guideline Network (BTS/SIGN), and Cana-
dian Thoracic Society (CTS) guidelines). We supplemented this with
a systematic literature search for relevant reports published more
recently. Based on the synthesis of these data, we established
evidence-based rules for changes to therapy in the AAP yellow
zone. Next, we tested the applicability of these rules across
common baseline controller medication dose and frequency
regimens in Canada, USA, and Europe. As expected, we discovered
several operational challenges in applying these recommenda-
tions. In some cases, guidelines provided no clear approach. In
others, the universal recommendation to increase ICS dosing by
4–5 fold in the yellow zone could not be applied because dosing
would exceed jurisdictional regulatory dose limits. These issues
affected 15 of 43 (35%) common European dose regimens;
however we were able to identify and recommend alternate
evidence-based approaches in 8 of these 15 (53%) circumstances.
Dose increases in the AAP yellow zone can also be achieved in a

variety of ways, including changes to the number and/or frequency
of inhalations, through addition of a new inhaler, or through
temporary replacement of the baseline medication with a more
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potent inhaler. Again, guidelines did not offer practical advice on
how dose increases should be achieved. To address this, we
established basic principles for formulating yellow zone prescrip-
tions that sought to maximize patient satisfaction and adherence
while minimizing patient errors, according to the best evidences
available, and expert opinion where evidence was lacking.
This work was published in the European Respiratory Journal on

May 1st, 2017.16 The freely accessible publication includes easy-to-
follow, printable, paper-based algorithms that we hope clinicians
will post in their clinical settings, to inform completion of the AAP
yellow zone (one for each of Europe, Canada, and the US, in
Appendix 1 of the publication). We believe that this tool will help
to address what has been described as clinicians’ need for
“practical evidence-based advice about how to select and
construct the most effective and appropriate action plan for all
of their patients.”17 We also hope that this work can be adopted as
an implementation tool across international guidelines, enabling
harmonizing of care.
However, we acknowledge that this tool only addresses

knowledge, which is one of several barriers to AAP delivery.
Successful broad-scale AAP implementation will likely require
patient and clinician education, improved communication, and
ideally, shared decision-making. Other enablers would include
prompting by patients, ensuring that AAPs are available at the
point of care, and allied health support for AAP review.6 At the
same time, patient-directed interventions will be required to
maximize actual patient use of AAPs. Our group has attempted to
address many of these needs through the Electronic Asthma
Management System (eAMS)—a tool which enables clinicians to
automatically generate a personalized AAP based on patient
inputs in a pre-visit electronic questionnaire and clinician inputs in
an electronic medical record-integrated decision support system.
Results of a clinical trial of this system will soon be available.
More broadly, it is also important to note that self-management

AAPs must be reviewed regularly and accompanied by patient
education in order to have their desired effects. In fact, although
also limited by knowledge and time barriers, the importance of
asthma education as part of the larger structured review required
for successful asthma management should not be underesti-
mated. This includes ensuring that objective testing has confirmed
the asthma diagnosis, particularly given that asthma is often
“over-diagnosed” and erroneously labeled patients may face
harms from unnecessary pharmacotherapy.18 There is also a need
to regularly evaluate adherence to both trigger avoidance and
pharmacotherapy, and to utilize targeted adherence interven-
tions.19 Similarly, clinicians should provide practical advice to
optimize inhaler technique.20 Finally, all current smokers should
be counseled to quit at each clinical interaction.
Although great strides have been made in asthma therapy over

the last few decades, asthma still kills. Given their unequivocal
benefit, our collective failure to consistently provide our patients
with AAPs is a likely contributor. Experts note that the persistent
“lack of clearly-defined protocols for action plans is a significant
disincentive for their use.”17 Accordingly, we hope that our
protocolized approach to determining instructions for the AAP
yellow zone will prove an important first step in empowering
primary care physicians to increase their use of AAPs.

ACKNOWLEDGEMENTS
We would like to thank Dr. Andrew Kouri and Dr. Louis-Philippe Boulet for their
intellectual contributions to this work. S.G. is supported by the Michael Locke Chair in
Knowledge Translation and Rare Lung Disease Research.

AUTHOR CONTRIBUTIONS
S.G. conceived of the manuscript and wrote the first draft, and A.K. critically reviewed
and revised the content and writing in the manuscript.

ADDITIONAL INFORMATION
Competing interests: The authors declare no competing financial interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

REFERENCES
1. Gupta, S., Wan, F. T., Hall, S. E. & Straus, S. E. An asthma action plan created by

physician, educator and patient online collaboration with usability and visual
design optimization. Respiration 84, 406–415 (2012).

2. Gibson, P. G. et al. Self-management education and regular practitioner review
for adults with asthma.[update in Cochrane Database Syst. Rev. 2003;(1):
CD001117]. [Review]. Cochrane Database Syst. Rev. 2 (2000).

3. FitzGerald, J. M., Spier, S. & Ernst, P. Evidence-based asthma guidelines. Chest 110,
1382–1383 (1996).

4. Sulaiman, N. D. et al. Factors associated with ownership and use of written
asthma action plans in North-West Melbourne. Prim. Care Respir. J. 13, 211–217
(2004).

5. Wiener-Ogilvie, S. et al. Do practices comply with key recommendations of the
British Asthma guideline? If not, why not? Prim. Care Respir. J. 16, 369–377 (2007).

6. Djandji, F. et al. Enablers and determinants of the provision of written action
plans to patients with asthma: a stratified survey of Canadian physicians. NPJ
Prim. Care Respir. Med. 27, 21 (2017).

7. Tsuyuki, R. T. et al. Management of asthma among community-based primary
care physicians. J. Asthma 42, 163–167 (2005).

8. Cicutto, L., Dingae, M. B. & Langmack, E. L. Improving asthma care in rural primary
care practices: a performance improvement project. J. Contin. Educ. Health Prof.
34, 205–214 (2014).

9. Beauchesne, M.-F., Levert, V., El Tawil, M., Labrecque, M. & Blais, L. Action plans in
asthma. Can. Respir. J. 13, 306–310 (2006).

10. Gupta, S. et al. Asthma action plans are highly variable and do not conform to
best visual design practices. Ann. Allerg. Asthma Immunol. 108, 260–265.e262
(2012).

11. Moffat, M., Cleland, J., van der Molen, T. & Price, D. Poor communication may
impair optimal asthma care: a qualitative study. Fam. Pract. 24, 65–70 (2007).

12. Ring, N. et al. Understanding what helps or hinders asthma action plan use: a
systematic review and synthesis of the qualitative literature. Patient Educ. Couns.
85, e131–e143 (2011).

13. Partridge, M. R. Written asthma action plans [comment]. Thorax 59, 87–88 (2004).
14. Lougheed, M. D. et al. Impacts of a provincial asthma guidelines continuing

medical education project: the Ontario Asthma plan of action’s provider educa-
tion in Asthma care project. Can. Respir. J. 14, 111–117 (2007).

15. Gupta, S. et al. Optimizing the language and format of guidelines to improve
guideline uptake. CMAJ Can. Med. Assoc. J. 188, E362–E368 (2016).

16. Kouri, A., Boulet, L. P., Kaplan, A. & Gupta, S. An evidence-based, point-of-care tool
to guide completion of asthma action plans in practice. Eur. Respir. J. 49, pii:
1602238. https://doi.org/10.1183/13993003.02238-2016 (2017).

17. Reddel, H. K. The benefit of experience: patient perception of asthma self-
management. Prim. Care Respir. J. 16, 68–70 (2007).

18. Aaron, S. D. et al. Reevaluation of diagnosis in adults with physician-diagnosed
asthma. JAMA 17, 269–279 (2017).

19. van Boven, J. F. et al. Enhancing respiratory medication adherence: the role of
health care professionals and cost-effectiveness considerations. J. Allerg. Clin.
Immunol. Pract. 31, 835–846 (2016).

20. Levy, M. L. et al. Inhaler technique: facts and fantasies. A view from the Aerosol
Drug Management Improvement Team (ADMIT). NPJ Prim. Care Respir. Med. 26,
16017 (2016).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2018

Comment

2

npj Primary Care Respiratory Medicine (2018)  1 Published in partnership with Primary Care Respiratory Society UK

1
2
3
4
5
6
7
8
9
0

http://erj.ersjournals.com/content/erj/49/5/1602238/DC1/embed/inline-supplementary-material-1.pdf?download=true
https://doi.org/10.1183/13993003.02238-2016
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Solving the mystery of the yellow zone of the asthma action plan
	Acknowledgements
	Author contributions
	Competing interests
	ACKNOWLEDGMENTS




