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Background: Written action plans for asthma facilitate the early detection and treatment of an asthma
exacerbation. Several versions of action plans have been published but the key components have not been
determined. A study was undertaken to determine the impact of individual components of written action
plans on asthma health outcomes.

Methods: Randomised controlled trials (n=26) that evaluated asthma action plans as part of asthma self-
management education were identified. Action plans were classified as being individualised and complete
if they specified when and how fo increase treatment (n=17), and as incomp|ete (n=4) or non-specific
(n=25) if they did not include these instructions.

Results: For individualised complete written action plans the use of 2-4 action points and the use of both
inhaled (ICS) and oral (OCS) corticosteroid consistently improved asthma outcomes. Action points based
on personal best peak expiratory flow (PEF) consistently improved health outcomes while those based on
percentage predicted PEF did not. The efficacy of incomplete action plans was inconclusive because of
insufficient data. Non-specific action plans led to improvements in knowledge and symptoms.
Conclusion: Individualised written action plans based on personal best PEF, using 2—4 action points, and
recommending both ICS and OCS for treatment of exacerbations consistently improve asthma health
outcomes. Other variations appear less beneficial or require further study. These observations provide a
guide to the types of variations possible with written action plans, and strongly support the use of

....................... individualised complete written action plans.

several days to weeks or on a background of chronic

poor asthma control.' > This provides an opportunity
for early intervention with corticosteroids and B agonists
which act to reverse airflow obstruction and reduce the
severity of the exacerbation. A written action plan facilitates
the early detection and treatment of an exacerbation and is
therefore an essential part of the self-management of
exacerbations.’

Asthma is characterised by episodes of expiratory airflow
obstruction which occur in response to multiple stimuli. The
frequency and severity of these episodes varies greatly, both
between and within individuals. Since all individuals with
asthma are susceptible to exacerbations of asthma, it follows
that all those with diagnosed asthma need to know how to
manage these episodes. This instruction in self-management
can be formalised as a written action plan, and all asthmatics
are candidates for such a plan. This contrasts with the need
for inhaled anti-inflammatory therapy which only becomes
necessary when the frequency and/or severity of exacerba-
tions are sufficiently great. At present, however, there is a
paradoxical situation where most patients are prescribed
regular inhaled corticosteroids (ICS) yet only a few either
have*® or use® a written action plan.

A recent systematic review of asthma self-management
education conducted in adults’ identified 17 randomised
controlled trials (RCTs) which evaluated written action plans
compared with usual care. When a patient was provided with
a written action plan and instructed in its use in the context
of self-monitoring and a review of asthma medications and
severity, there were highly significant improvements in
asthma health outcomes. The risk of being admitted to
hospital for asthma fell by over 40% and presentations to the
emergency department with asthma fell by over 20% (relative
risk (RR) 0.78, 95% CI 0.67 to 0.91). Since action plans are

Exacerbations of asthma usually occur gradually over
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highly effective when part of a planned self-management
programme and many versions are available, it is reasonable
to try to determine the key components of asthma action
plans that make a difference to subjects with asthma. This
study addresses this question.

METHODS

Definitions

Written action plan

An action plan is a set of instructions prescribed to a patient
with asthma for use in the management of deteriorating
asthma. An individualised written action plan is tailored to
the patient’s underlying asthma severity and treatment. It is
further characterised by being a written plan which informs
the subject about when and how to modify medications and
how to access the medical system in response to worsening
asthma. For the purpose of this review, written action plans
were further classified as follows:

® Individualised complete written action plans contained
each of the following four components of an action plan”:

— when to increase treatment (action point);
— how to increase treatment;

— for how long;

— when to seek medical help.

® Incomplete individualised action plans comprised a second
form of asthma self-management. These plans were
individualised and specified when to increase treatment,
but the use of early intervention with ICS was not
specified.

® Non-specific action plans provided general information
about the management of deteriorating asthma.
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Written action plans for asthma

Action point

Action plans prescribe a level of symptoms or lung function
that determines when to activate the action plan. This is
termed an action point. There are several variations in action
points. Action points may be based on symptoms or peak
expiratory flow (PEF). PEF based action points may be based
on predicted or personal best PEF. The number of action
points in any written action plan can also vary, generally
between two and four different levels.

Literature search

To determine the impact of the individual components of
written action plans on asthma health outcomes, RCTs that
evaluated asthma action plans were identified. An initial
broad search was conducted for RCTs on asthma education as
part of a wider systematic review of asthma self-management
education.” Studies were identified from the Cochrane
Airways Group Clinical Trials Register which is derived from
Medline, Embase, Cinahl, hand searched respiratory journals,
and meeting abstracts. Bibliographies of included studies
were also searched. These articles were examined to identify
those that included asthma action plans as part of the
intervention. The asthma action plans were classified using
the criteria described above.

Analysis of data

Data were extracted independently by two reviewers. The
relative risk (RR) with 95% confidence intervals (CI) was
calculated for dichotomous outcomes. The RR is the prob-
ability of experiencing an outcome when treated compared
with the probability of experiencing that outcome if
untreated, with values of <1 indicating a favourable
treatment effect. For continuous outcomes using different
units of measure, a standardised mean difference (SMD) and
95% CI was calculated using a fixed effects model.
Significance was accepted at p<<0.05. The pooled results
were tested for heterogeneity using a %2 test with appropriate
degrees of freedom. All outcomes were analysed according to
the variations of the action plan and compared with a usual
care control group. The variations analysed were: number of
action points, personal best or percentage predicted PEF,
“traffic light”” action plan, or use of ICS or oral corticosteroids
(OCS) alone.

RESULTS

Twenty six RCTs comparing action plans with usual care were
identified (table 1), 17 of which used individualised complete
written action plans.*** In 15 trials education, self-monitor-
ing and regular medical review as well as provision of written
action plans were incorporated into the self-management
programmes.*>* ¢ Four trials**** used incomplete indivi-
dualised action plans and five used non-specific action
plans.”””

Individualised complete written action plans

Action points

Full details of the individual action points for the written
action plans are shown in table 2. The number and level of
action points for when to increase treatment varied, but each
trial gave some instruction on increasing treatment. Fifteen
trials set their first action points at 70-85% of the personal
best or predicted PEF value.*" """ Action plans that used a
personal best PEF were used in nine trials and six used
percentage predicted PEF (table SI, figs S1-S4 available
online only at www.thoraxjnl.com/supplemental). When
compared with usual care in a meta-analysis (five and four
trials respectively), both types of action plan reduced hospital
admissions (RR 0.66 for personal best and 0.46 for percentage
predicted; fig 1), whereas only the action plan based on
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personal best PEF reduced emergency room visits (RR 0.78;
fig S2). Similarly, only the personal best written action plan
led to improvement in airway calibre (SMD: PEF 0.56; fig 2).

The number of action points provided in the individualised
plans ranged from two to four. Eight studies used written
action plans with four action points (six that could be used in
a meta-analysis), whereas seven studies used written action
plans with less than four action points (three that could be
used in a meta-analysis). The use of two or three action
points was consistently beneficial (figs 1 and 2; also table S2
and figs S5-S7 available online only at www.thoraxjnl.com/
supplemental), as was the use of four action points.

Action points were presented as a “traffic light” system’ in
four trials.® '*** ** *> This was not consistently better than a
conventional action plan presentation (fig 3; also table S3
and figs S8-S10 available online only at www.thoraxjnl.com/
supplemental).

The action plans were based on PEF in 10 trials'*" '~
2122028 and on either PEF or symptoms in six trials.® '* > 7
A previous systematic review found symptom based action
plans to be equivalent to PEF based action plans.”

Treatment instruction

The instructions on how to increase corticosteroid treatment
included the use of ICS and OCS in 13 trials and the use of
OCS alone in four trials. ICS doses were increased by
doubling the dose in 11 trials>" '****7 and by increasing or
commencing ICS in two trials.® ** The use of both ICS and
OCS in the individualised plans was consistently beneficial
(figs 1 and 2; also table S4 and figs S11-S14 available online
only at www.thoraxjnl.com/supplemental). No comparison
could be made with the use of OCS alone (four studies)
because of insufficient data. No studies used action plans
based on ICS alone.

Incomplete/non-specific plans

The efficacy of incomplete action plans was inconclusive as
there were too few studies reporting data that could be used
in a meta-analysis. Non-specific action plans led to an
improvement in knowledge,” ** >’ symptoms,* ** and reduced
healthcare use in some® but not other studies.”” Incomplete
data reporting precluded meta-analysis.

DISCUSSION

This study has identified the key components of asthma
action plans and examined the variations possible in
preparing these plans. By using meta-analyses of data from
RCTs, we have compared the different variations for their
effect on key asthma outcomes such as hospital admissions,
emergency room visits, and lung function. The results
(table 3) give clear recommendations for preparing action
plans and highlight areas needing further research.

Predicted or personal best PEF action points
Individualised action plans can be based upon the predicted
PEF or the personal best PEF for that individual. Action
points based on personal best PEF consistently improved
health outcomes, whereas those based on percentage
predicted PEF did not. With personal best PEF as the basis
of the action plan, there were reductions in hospital
admissions, emergency room visits, and improvement in
PEF. This suggests that action points based on personal best
PEF may perform better than those based on percentage
predicted PEF. The likely reasons for this difference relate to
individual variability in PEF results. However, significant
differences between percentage predicted and personal best
PEF could not be determined because of an overlap of the
confidence intervals.

www.thoraxjnl.com
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Table 1 Characteristics of written action plans
Treatment instructions
When to How to How long to
increase increase increase When to
Study Individualised freatment  freatment treatment get help
Individualised written action plans
Cote et af Yes Yes Yes Yes Yes
Cowie et al*t Yes Yes Yes Yes Yes
Gallefoss et al' ' Yes Yes Yes Yes Yes
Ghosh et al** Yes Yes Yes Yes Yes
Grampian'® Yes Yes Yes NS Yes
Hayward et al” Yes Yes NS NS Yes
Heard et al'*t Yes Yes Yes Yes Yes
Ignacio-Garcia'? Yes Yes Yes Yes Yes
Jones et af** Yes Yes Yes Yes Yes
Lahdensuo et af’! Yes Yes Yes Yes Yes
Levy et aP™ Yes Yes Yes Yes Yes
Moudgil et al’t Yes Yes Yes Yes Yes
Perneger et al* Yes Yes Yes NS Yes
Schermer et aP® Yes Yes Yes Yes Yes
Sommaragua et af  Yes Yes Yes NS Yes
Yoon et af”§ Yes Yes Yes Yes Yes
Zeiger et af® Yes Yes Yes NS NS
Incomplete action plans
Bailey et af”’ Yes NS NS NS NS
George et af* ? NS NS NS NS
Knoell et af”' Yes NS NS NS NS
Kotses et af” Yes NS NS NS NS
Non-specific action plans
Abdulwadud et af* No NS NS NS NS
Bailey et af** No NS NS NS Yes
Kotses et af® No NS NS NS NS
Mulloy et af* No NS NS NS NS
Snyder et af” No NS NS NS NS

NS =not stated.

*Written action plan based on Beasley et al.*”
+Written action plan based on Charlton.*®
fTreatment based on British Thoracic Society guidelines.*’

§Based on Woolcock.”

Initial versions of written action plans recommended that
the same level of PEF should be applied to all patients in
order to indicate when to increase treatment. This was
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expressed as either percentage predicted or percentage
personal best PEF. This commonly was set at 80% or 60%
of the predicted peak flow value. Such a level would be

Table 2 Details of individual written action plans

When to increase treatment

How to increase treatment

No of action
Study % Level Traffic light point levels PEF or symptom based ICS ocCs
Cote et af 85** Yes 4 PEF/symptom BDP 2000 ng Yes
Cowie et al* 70** No 4 PEF/symptom Double Yes
Gallefoss et al'*™ 80** Yes 4 PEF Double/triple Yes
Ghosh et al*** 70%* No 4 PEF Double Yes
Grampian'® NS NS NS PEF NS Yes
Hayward et al” 70* NS 2 PEF NS Yes
Heard et af'*t 701t Yes 4 NSt Double Yes
Ignacio-Garcia'? 70** No 3 PEF Double Yes
Jones et af* 75% No 4 PEF Double Yes
Lahdensuo et af' 85** No 2 PEF Double Yes
Levy et af’q 80tt Yes 3 PEF/symptom Double Yes
Moudgil et af*% 801t No 4 PEF/symptom Double Yes
Perneger et al“t 801t NS 4 PEF/symptom Double Yes
Schermer et af® 80** NS 3 PEF Double or commence Yes
Sommaragua et af 801t No 3 PEF No Yes
Yoon et af’§ 801t No 3 PEF/symptom Double Yes
Zeiger et af® NS NS NS PEF NS Yes

1Based on Charlton.®
1Based on BTS.*

**Personal best PEF.
11Predicted PEF.

§Based on Woolcock.”
Based on Beasley “‘credit card plan”’.

NS =not stated; PEF =peak expiratory flow; ICS =inhaled corticosteroids; OCS =oral corticosteroids.
*Based on Beasley et al.””

www.thoraxjnl.com
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Written action plans for asthma

Action plan component RR Total
(no of studies) (95% ClI fixed) (95% CI fixed)

% Predicted PEF (4) 18232427 - 0.46 (0.26 10 0.81)
Personal best PEF (5) 89151921 —— 0.66 (0.48 t0 0.91)
4 Action points (6) 8915182324 —a— 0.65 (0.48 t0 0.88)

<4 Action points (3) 192127 —.— 0.23 (0.07 t0 0.71)

ICS and OCS (9) 89151819 21232427 — 0.59 (0.44 10 0.78)
| |
0.1 1 10
Favours WAP Favours usual care

Figure 1 Comparison of the effects of action plan components on
hospital admissions for asthma. WAP =written action plan; PEF = peak
expiratory flow; ICS =inhaled corticosteroids; OCS =oral
corticosteroids.

inappropriate for someone with moderate asthma who could
have daily variability of peak flow of up to 30%, and therefore
their peak flow would regularly drop to 70% of the best
during a stable period. Similarly, if there was any component
of fixed airflow obstruction, the best peak flow may not reach
80% of the predicted value and the patient would be below
their action point even when stable.

Number of action points

Action plans can use a variable number of action points.
The studies in this review used two, three or four action
points. Action plans with four action points were not
consistently better than action plans with two or three
action points (table S2 available online at www.thoraxjnl.
com/supplemental). Using a greater number of action points
leads to a narrower range of peak flow in each of the zones
which may not be feasible to use in practice. These results
argue in favour of a simpler approach using two or three
action points. It may be that the improved precision obtained
by using four action points is offset by the greater complexity
of these plans which limits patient understanding and
acceptance.

Symptoms versus peak flow based action plan
Written self-management plans can use action points that are
based on either symptoms, peak flow, or both. Several RCTs
have compared these approaches and found them to be
equivalent for both the number of people admitted to
hospital for asthma (RR 1.17, 95% CI 0.44 to 3.12) and those
attending the emergency department (RR 0.91, 95% CI 0.61
to 1.35).”

Presentation of written action plan

A number of different ways of presenting action plans
have been developed to facilitate their use. These include
placing written self-management guidelines on a plastic card
the size of a credit card,” using electronic diaries or
computerised “expert” systems, or the “traffic light” system
where the colours green, yellow and red are used to signal
continue usual treatment (green), increase treatment
(yellow), or to seek help urgently (red).”® RCTs were
identified that examined the “traffic light” approach.
Individual written action plans without a “traffic light”
action plan showed consistent benefits. There were fewer
studies using a “traffic light”” action plan configuration. Some
outcomes were beneficial whereas others were not. This
probably represents a lack of power rather than a lack of
efficacy (table S3 available online at www.thoraxjnl.com/
supplemental).
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Action plan components SMD Total
(no of studies) (95% Cl fixed) (95% ClI fixed)

% Predicted PEF (2) 2427 -0.01 (-0.31 10 0.29)

Personal best PEF (3) 151920 - 0.56 (0.37 t0 0.76)
4 Action points (3) 152024 - 0.34 (0.16 t0 0.53)
<4 Action points (2) 1927 — 0.56 (0.20 to 0.92)
ICS and OCS (5) 1519202427 - 0.39 (0.23 t0 0.56)
OCS (2) 1628 ~0.02 (-0.17 10 0.13)
| |
-2 0 2

Favours usual care Favours WAP

Figure 2 Comparison of the effects of action plan components on mean
peak expiratory flow (PEF) in asthma. WAP =written action plan;

ICS =inhaled corticosteroids; OCS =oral corticosteroids;

SMD = standardised mean difference.

Treatment instruction: how to increase treatment

An exacerbation of asthma consists of a deterioration in both
airflow obstruction and airway inflammation.*" ** It is there-
fore appropriate to recommend treatment with both broncho-
dilators and corticosteroids. A meta-analysis has confirmed
the strong beneficial effect of OCS in severe exacerbations of
asthma.” The optimal treatment of mild exacerbations of
asthma (forced expiratory volume in 1 second >60%
predicted) is less clear. Current management practices
include increased [, agonists, ICS, and OCS. A recent
randomised trial conducted in a primary care setting
compared fluticasone 1 mg twice daily with prednisone
(40 mg daily and reducing). Treatment of a mild exacerba-
tion with ICS had a comparable success rate to the use of
ingested prednisone (48% v 48%). There was a surprisingly
high rate of treatment failure in both groups (27% and 23%,
respectively).* This failure rate may reflect inadequate doses,
inadequate duration of treatment, or non-eosinophilic
exacerbations.” Doubling ICS was found to be less effective
than OCS in another trial.* The studies in this review support
a combined approach where both ICS and OCS are used in
the action plan.

Limitations

This review has used data derived from RCTs of asthma self-
management programmes where written action plans were a
key component. There are a number of limitations that need
to be considered when reviewing these data. In some cases
there were insufficient studies to allow a comparison and
hence a type II error is possible. Where this is the case—for
example, in the comparison of OCS with ICS and OCS—we

RR Total
Study (95% Cl fixed) (95% ClI fixed)

Traffic light presentation

Cote ® 4L_

Heard18 _—.
No traffic light presentation —— 0.58(0.17 10 1.92)
Yoon 27 =
Ignacio-Garcia'? "
Lahdensuo?! —
Cowie? e
Ghosh5 il
MoudgilZ3 gl
> 0.58 (0.43 to 0.49)
| | | |
0.01 0.1 1 10 100
Favours WAP Favours usual care

Figure 3 Comparison of the effects of different action plan
presentations (traffic light versus other) on hospital admissions for
asthma. WAP =written action plan.

www.thoraxjnl.com
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Table 3 Action plan variations: summary of
results

Action plan variation Result

Action points

Symptoms v PEF triggered  Equivalent

Standard written instruction Consistently beneficial
Traffic light configuration ~ Not clearly better than
standard instruction
Consistently beneficial
Not clearly better than
<4 points
Consistently beneficial

2-3 action points
4 action points

PEF based on
personal best PEF
PEF based on %

Not consistently better
predicted PEF

than usual care

Treatment instruction
Individualised WAP
using ICS and OCS
Individualised WAP
using OCS only
Individualised WAP
using ICS only

Consistently beneficial
Insufficient data to evaluate

Insufficient data to evaluate

WAP = written action plan; PEF = peak expiratory flow;
ICS = inhaled corticosteroid; OCS = oral corticosteroid.

have been cautious in our interpretation of the data, reported
the number of studies contributing to the meta-analysis, and
only reported on outcomes where several studies contributed
data. There are likely to be differences in the way the
different self-management programmes were implemented.
This does not seem to have a major impact on the results
since there was no statistical heterogeneity identified in the
key results.

Conclusion

The provision of individualised written action plans is of
benefit to patients with asthma. Effective plans can be
based on symptoms or PEF and use two, three or four
action points. PEF based plans should use personal best
PEF for the action point. The treatment instruction should
include both ICS and OCS. With the data available, there
was no clear distinction between other variations in the
components of asthma action plans such as whether they
were based on a traffic light system, the number of action
points, or use of ICS alone or OCS alone. For these variations
to be fully evaluated they need to be compared directly with
each other, not a control group, in a randomised controlled
trial setting of individualised written action plans. The
observations of this review provide a guide to the types of
variations possible with written action plans and strongly
support the use of individualised complete written action
plans.
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No clear benefit of parent initiated oral steroids in preschool children with viral

wheeze

A Oommen A, Lambert PC, Grigg J. EFFicocr' of a short course of parent-initiated oral prednisolone for viral wheeze in

children aged 1-5 years: randomised control

led trial. Lancet 2003;362:1433-8

wheeze triggered by viral colds. This is labelled “preschool viral wheeze” and is

! sthma in children aged 1-5 years is characterised by recurrent transient episodes of

commonly treated with inhaled bronchodilators and oral corticosteroids. Persistent
wheeze is associated with increased systemic eosinophil priming which is thought to be a
risk factor for the development of atopic asthma.
In this randomised placebo controlled trial, children aged 1-5 years with known viral
wheeze were stratified into either high or low eosinophil priming groups and parents
administered 20 mg prednisolone or placebo for 5 days at the start of the next episode of
viral wheeze. The primary outcomes were 7 day mean daytime and night time respiratory

symptom scores.

217 children were randomised and outcome data were available for 51 and 69 children
who received prednisolone or placebo, respectively. There was no improvement in daytime
and night time symptom scores and no reduction in salbutamol use and hospital admissions
in children treated with prednisolone compared with placebo. There were no differences
between high or low eosinophil priming groups.

This study suggests no clear benefit of parent initiated oral prednisolone for preschool

viral wheeze.

S S Birring
Specidlist Registrar, Institute for Lung Health,

Department of Respiratory Medicine, Glenfield Hospital, Leicester, UK;

sb134@le.ac.uk

www.thoraxjnl.com
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Fig S1: A comparison of the effects of personal best PEF vs % predicted action points on hospitalisations for asthma

Study AP Uzual Care FR (fixed) Wigight FF (fixed)

ot sub-category it T 95% I %o 95% I

M Individualized WAP - PEF % predicted

Perneger 2002 4/E7 &/E3 — 1&.320 0.6 [0.z0, Z.28]
“oon 1993 ls28 7rz8 — & 15.19 0.14 [0.0Z, 1.09]
Heard 1333 Z/97 E/94 - & 13_97 0.22 [0.08, 1.9E]
Mowcgil 2000 10,304 137289 —l 50.53 D.53 [0.25, 1.17]
Subtotal (95% CI) 436 459 . 100.00 0.46 [0.28, 0.81]
Total events: 17 (WAPTY, 36 (Usual Care)

Test for heterageneity: Chi* =185, df=3(P=061), F=0%

Test for averall effect: £ =272 (P = 0007

02 Individualized WAP - PEF personal best

lgnacio-Garcia 1995 0735 E/3E \ = g.zz D.09 [0.01, 1.58]
Lahdenzuo 1996 Z/56 3759 - & 4. 38 0.70 [0.1Z, 4.05]
Cote 1997 Z/E0 ZSE4 z.a7 1.08 [0.18, 7.38]
Cowie 1997 I 1 6./48 277 0O.35 [0.07, 1.&84]
Ghosh 1995 38140 LOs1ze 7577 o.74 [O.EZ, 1.0&]
Subtotal (95% 0 3ET 33z 100,00 0.66 [0.48, 0.91]

Total everts: 44 (WAPY, BE (Usual Care)
Test for heterageneity: Chiz = 316, df =4 (P =053), F=0%
Test for averall effect: Z=250(F =0.01)
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Fig S2: A comparison of the effects of personal best PEF vs % predicted action points on ER visits for asthma

Study WAP U=zual Care RR (fixed) Wigight RR (fixed)
of sub-category it i 95% Cl k- Q5% Cl
01 Individualized YWaAP - PEF % predicted
Perneger 2002 TLE7 B/E8 —_— 11.98 0.8% [0.35, £.E9]
Yoon 1993 arze TFES = l0. &5 0.43 [O.12, 1.49]
Heard 1999 2597 1794 P 1.E2 E.91 [0.31, E£7.4E5]
Lewy 2000 26,103 395108 E7._41 o_97 [0.&7, 1.33]
hdoLicgil 2000 8/304 lz/za9 —li.r— 18.55 0.3 [0.26, 1.53]
Suktatal (95% CI) £33 £77 loo.00 0.87 [0.64, 1.18]
Total events: 57 (WAP), 67 (Uzual Care)
Test for heterogeneity: Chi* =315, df =4 (P =053), F=0%
Test for overall effect: £ =090 (P =0.37)
02 Individualized YWaAP - PEF personal best
Ignacio-Garcia 1995 18,35 18,35 —— 13.89 l.00 [0.63, 1.58]
Cate 1997 18/E0 25754 —— 15._55 o_7g [0.4%3, 1.E4]
Covvie 1997 Lrdeg 13748 14 35 o.z7 [0.11, 0.&7]
Ghosh 1995 £07140 637136 —- E3.Z2z 0.86 [0.66, 1.11]
Suktatal (95% CI) 71 z73 r 2 loo.00 0.72 [0.64, 0O.95]
Total events: 101 (WMAPY, 130 (Usual Care)
Test for heterogeneity: Chi* =685, df = 3 (P = 0.08), F =56 4%
Test for overall effect: £ =243 (P =0.01)
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Fig S3: A comparison of the effects of personal best PEF vs % predicted action points on days off work for asthma

Study WAP Uzual care RR (fixed) Weight RR (fixed)

oF sub-category T T 95% Cl % 95% Cl

01 Individualized WaAP - PEF % predicted

Perneger 2002 2487 11758 — z1.1% 0.74 [0.32, 1.70]
Yioon 1993 Lriza 4,78 = 707 1.28 [0.37, 4.17]
Heard 1994 34,97 36594 7104 0.9z [0.63, 1.33]
Subtotal (95% CN 13z 130 1 100_0o0 0.90 [0.&85, 1.2&]
Tatal events: 47 OWAPY, 51 (Usual care)

Test far heterogeneity: Chi* =050, df =2 (P =0.78), F=0%

Test for overall effect: £ =080 (P = 0.55)

02 Individualized WAP - PEF perzonal best

lgnacio-Garcia 1995 Z4/35 2935 —- L4 36 0.53 [0.63, 1.08]
Lahcdensuo 1996 13756 ZE/E9 —— 45 64 0.55 [0.31, 0.926]
Subtotal (95% CI 91 94 i 1o0.00 0.70 [0.53, 0.92]
Tatal events: 37 OWAP), 54 (Usual care)

Test far heterogeneity: Chif =221, df =1 (P=014), F=54 7%

Test for overall effect: Z=252 (P =0.01)
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Fig S4: A comparison of the effects of personal best PEF vs % predicted action points on PEF (mean) for asthma

Study [ Usual care ShiD (fimed) Wisight ShiD (fimed)
or sub-category M hlean (300 M Mean (300 95% k2 95% I

01 Individualized WaP - PEF % predicted |

Perneger 2002 7 424.00(116._00) La 44Z.00(104.00) - &7.43 -0.lg [-0.E2, 0.z0]
oon 1993 zg 47 L. 00¢39_00) g 4477, 00¢23_00) 2Z.E7 O.Z3 [-0.232, 0.2E]
Subtotal (95% CI) =11 =1 100,00 =001 [-0.31, 0.Z23]

Test for heterogeneity: Chi*=1.94, df =1 (P =016, F =45.4%
Test for overall effect Z=0.09 (P =093

02 Individualized WAP - PEF personal best

Ignacio-Garcia 1995 35 411.00(1l07.00) 35 33Z.00(89.00) - 16.22 0.79 [0.31, 1.28]
Jones 1995 33 g2_00(17.50) 33 87.70(16_70) 5 17.93 0.08 [-0.3%, 0_54]
Ghosh 1993 140 33Z_00(50.78) 136 £230.00(77.63) = 65.85 0.64 [0.40, 0.88]
Subtotal (35% C z0s z10 & 100,00 0.56 [0.37, 0.76]

Test for heterogeneity: Chi® = 5.50, df = 2 (P =0.08), F = 63.6%
Test for overall effect: £ =563 (P = 0.00001)
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Fig S5: A comparison of the number of action points in written action plans on the outcome of hospitalisations

Stucly AP zual care R (fixed) Wigighit R (fixed)

oF sub-categary T T 95% Cl g 95% Cl

1 Individualized WAP (4 action points)

Perneger 2002 4757 [ —_— £_7E 0o.&68 [0.20, Z.Z8]
Cote 1997 2450 Z2rEd Z2.19 l1.08 [0.1&6, 7.38]
Cowvie 1997 Zide Ed8 :Tri E_B7 0.3 [0.07, 1.684]
Ghosh 1995 38,140 S0/136 E7._ 64 o.74 [0.5z2, 1.0&]
Heard 1994 2597 E/94 —_— E.77 0.3%3 [0.08, 1.25]
Mgl 2000 1o0/304 12,889 —a— za.97 0o.&53 [0.25, 1.1&]
Subtotal (95% N 594 679 &% 100,00 0.65 [0.48, 0_.88]
Total events: 58 (WAPY, 87 (Usual care)

Test for heterogeneity; Chi* = 2.09, df =5 (P =024), F=0%

Test for overall effect: £ =285 (P = 0.004)

02 Individualized WAP (= 4 action points)

Yoon 1993 l/z8 7/Z8 —— 45 39 0.14 [0.02, 1.09]
lgnacio-Garcia 1995 0/35 B35 4 = - 0.0% [0.01, 1.55]
Lahdenzuo 1996 Z/56 asE9 —a— 15.5%5 o.70 [0.1Z2, 4.05]
Subtatal (95% C 119 122 -=ani .- 100,00 0.23 [0.07, 0.71]
Taotal eventz: 3 0WAP), 15 (Usual care)

Test for heterageneity: Chi* =218, df=2(P=034),F=81%

Test for overall effect Z=255(P =0.01]
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Fig S6: A comparison of the number of action points in written action plans on the outcome of ER visits

Study AR uzual care RR (fixed) Wigight RR (fixed)
of sub-categary T it 95% Cl k) 95% Cl

01 Individualized WYWAP (4 action poirts)

Perneger 2002 TFET 3/58 —_— 1Z._41 0.8% [0.35, 2.29]
Cote 1997 15750 25/54 — 37.63 0.78 [0.49, 1.24]
Covvie 19397 Er485 159/45 —a— za.l1l 0.27 [0.11, 0.67]
Heard 1993 3497 1794 = b 1.53 Z.91 [0.31, 27.45]
MoLicgil 2000 5/304 lz/z89 —a— 13,26 0.63 [0.26, 1.53]
Subtatal (35% CN £G4 543 il 100,00 0.65 [0.46, 0.92]

Tatal eventz: 41 (WAP), B3 (usual care)
Test far heterogeneity: Chi* =623, df =4 (P =0.18), F = 358%
Test far overall effect: Z =244 (P=0.01)

02 Individualized WWAP (= 4 action poirtz)

Yoon 1993 3SzZ8 728 = E.z0 0.43 [0.12, 1.49]
Ignacio-Garcia 1995 183r35 18,35 13.62 1.00 [0.82, 1.52]
Ghozh 1993 £0,/140 &3S 136 Lz.z24 o.26 [0.66, 1.11]
Lewy 2000 26,103 295108 Z8_83 0.97 [0.67, 1.39]
Subtotal (95% N 306 307 100,00 o.g9 [0.72, 1.07]

Tatal events: 117 QAVAPTY, 132 (uzual care)
Test for heterogenety: Chit =187, df =3 (P =0E60), F = 0%
Test for overall effect: Z=126(P=0.21)
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Fig S7: A comparison of the number of action points in written action plans on the outcome of PEF (mean)

Study AP Uzual care ShiD (fiwed) Wigight ShD (fixed)
at sub-categary M Mean (S0 M Mean (S0 959 Cl A 95% Cl
0 Individualized WYWAP - 4 action points
Perneger 2002 57 474, . 00(11s.00) La 44z 00(104._00) = z5_ L& -0.1& [-0_.E53, O.20]
Jones 1985 33 S3.00017.50) 39 7. T0(1le. 70 — 15.94 0.08 [-0.39%, 0.54]
Ghosh 1995 140 33Z.00050.78) 136 Z230.00(77.63) - L5851 O.&64 [0O_.40, 0O.88]
Subtatal [95% CI) Z30 233 ] lo0.00 0.34 [0.16, 0O_53]
Test for heterogeneity: Chi® = 14 38, df =2 (P =0.0005), I* = 86.1%
Test for overal effect: £ = 3.65 (P = 0.0003)
02 Individualized WYWAP - = 4 action points
“oon 1993 pd=] 475.00(33_00) =] 447 00083 00) = 45 15 0.5 [-0.23, 0.82]
lgnacio-Garcia 1993 35 411.004107._00) 35 33Z.00485.00) —- £E3.85 o.72 [0.31, 1.Z8]
Subtotal (35% I 63 63 e 100,00 0.586 [0.Z0, 0O.9Z]
Test far heterogenety: Chif=187, df =1 (P =017),F =46.5%
Test for averall effect: £ =3.05 (P = 0.002)
-4 -2 0 2
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Fig S8: A comparison of action plan presentations (traffic light vs other) on the outcome hospitalisations

Study WWAP Uzual Care RR (fixed) Wigight RR (fixed)
ot sub-categary rutd rutd 95% 1 % 95% I

M Individualized WAP (Traffic light)

Cote 1997 2550 27554 £27.47 l.08 [0.1le, 7.38]
Heard 1993 Z4537 £so4 TE_E3Z .39 [0.02, 1.9&]
Subtotal (95% CI 147 l4s loo_aa o.52 [0.17, 1.9%2]

Tatal events: 4 QAP 7 (Uzual Care)
Test for heterogeneity: Chi? = 064, df =1 (P =0421, P =0%
Test far overall effect: £ =030 (P = 0.37)

=0
=

02 Individualized WAP (Mo traffic light)

“oon 1993 l/za 7SS e —| 7,74 0.14 [0.0F, 1.09]
Ignacio-Garcia 1995 0738 LF3E 4 - .08 0.0% [0.01, 1.58]
Lahdensuo 1996 ZSEE 2SE9 I B 3.E3 0.70 [0.1Z, 4.0E]
Cowvie 1997 EF4E G448 — 649 0.35 [0.07, l.54]
Ghoszh 19595 357140 E0/1368 il E&_07 0.74 [D.52Z, 1.05]
Moudgil 2000 107304 187285 —— Z0._40 0.E53 [0.25, 1.121]
Subtotal (95% CN &02 413 L 4 10000 0.55 [0.43, 0.79]

Tatal events: 53 (WAPTY, B9 (Usual Care)
Test far heterageneity: Chi* = 5375, df =5 (P =0.33), F=13.1%
Test far overall effect: £ =350 (P = 0.0005)
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Fig S9: A comparison of action plan presentations (traffic light vs other) on the outcome ER visits

Studly AR =zual Care RR (fixed) Wyizight RR (fixed)

ot sub-categary T il 95% Cl e 95% Cl

M Individualized WAP [Traffic Light)

Cate 1997 lasE50 ZhiE4 —— 3g.08 o.7e [0.43, 1.Z24]
Heard 1999 3597 1594 = P 1l.51 Z.91 [0.31, 27.45]
Lewy 2000 3ES103 Fas108 &0, 321 o.2%7 [0.e7, 1.39]
Subtotal (95% CI ZE0 256 t lao.00 o.2z2 [o.70, 1.23]
Total ewentz: 57 (WAPT, B5 (Usual Care)

Test for heterogeneity: Chi* =159 df =2 (P =045), F=0%

Test for overall effect: £ =052 (P = 060)

02 Individualized WaAP (Mo traffic light)

Yoon 1993 3FER TFES = E.&5l 0.42 [D.12, 1.4%9]
lgnacio-Garcia 1995 las35 18/25 14. 41 l1.00 [D.&e3, 1.E5%8]
Cowie 1997 Eide 19748 —_— 14 83 o7 [0.11, O0.67]
Ghash 1995 E0,140 E8/138 EE.Zd o.g6 [D.65, 1.11]
floucgil 2000 B304 1z 7283 e S.8L 0o.e3 [D.28, 1.53]
Subtotal (35% N EE3 E2E 4 loo.00 0.74 [0.60, 0.92]
Taotal events: 94 WWAPT, 124 (Usual Care)

Test for heterogeneity: Chi® =540, df = 4 (P = 0.08), F = 52 4%

Test for overall effect: £ =274 (P = 0.006)
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Fig S10: A comparison of action plan presentations (traffic light vs other) on the outcome unscheduled Dr
visits

Study WP U=ual Care RR (fixed) Wigigghit RR (fixed)

ot sub-categary T it 95% I % 95% Cl

01 Individualized VAP (Traffic Light)

Gallefozs 1999 9,3z Ze/38 —B— 95_85 0.42 [0.23, 0.77]
Heard 19349 1797 1734 4 o 4 4.15 0.97 [0.05, 15.27]

Subtotal (95% CI) 1z3 133 e 100.00 0.44 [0.Z5, 0O.20]
Total event=: 10 WWAPY, 27 (Usual Care)

Test for heterogeneity: Chi* =034, df =1 (P =0.56), F =0%
Test for overall effect: £ =273 (P = 0.008)

02 Individualized WAP (Ma traffic light)

Ignacio-Garcia 1995 31r3E 24435 k| 46_Z1 0.21 [0.80, 1.04]
Lahdenzuo 1996 17788 o= —— 37.08 0.&4 [0.40, 1.032]
houdgil 2000 EF304 1Esz89 — 1672 o.40 [O0.14, 1.11]
Subtatal (95% C0) 398 383 o loo.oo 0.7z [D.E2, 0.90]

Tatal events: 23 WAR), 74 (Usual Care)
Test for heterogeneity: Chi*=13.23, df = 2 (P =0.001), F =54 9%
Test for overall effect: £ =286 (P =0.004)
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Fig S11: The efficacy of action plan treatments using ICS and OCS based plans on hospitalisations

Study WP Uzual Care FR (fixed) Wigight FF (fixed)

ot sub-category M nt 95% C| % 95% C

M Individualised WaP - 105 & OGS

Ferneger 2002 4/57 6758 = 5.75 0.6% [0.20, Z.28]
*Yoon 1993 1/e8 g - £.77 0.14 [0.02, 1.09]
lgnacio-Garcia 1995 0735 E/3E 4 5.3z D.09 [0.01, 1.58]
Lahdensuo 1996 Z/56 3759 ' F.B3 0.70 [0.1Z, 4.05]
Cote 1997 2/50 2754 = 1.86 1.08 [0.16, 7.38]
Cavwvie 1997 Z/46 £/48 4 = 5.68 D.35 [0.07, 1.&4]
Ghosh 1998 28/140 E0/136 —i— 49_05 0.74 [0.52, 1.0E]
Heard 1994 zsa7 5794 4 = 4.91 0.3% [0.08, 1.95]
Moudgil 2000 10/304 18/289 —— 17.54 0.53 [0.25, 1.12]
Subtotal (35% CI) 213 a0l . 100. 00 0.59 [0.44, 0.78]
Total events: 61 WWAP), 102 (Usual Care)

Test for heterogeneity: Chi* =6.33, df =8 (P = 0601, F=0%

Test for overall effect: Z =365 (P = 0.0003)
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Fig S12: The efficacy of action plan treatments using ICS and OCS based plans on ER Visits

Study WP zual care FR (fixed) Wigight FF (fixed)
or sub-categary T T 95% Cl g 95% Cl
M Individuslized WAP - 105 & OC5
Perneger 2002 7487 2758 —_—— 4.0E 0.89 [0.25, Z.29]
Yoon 1993 3FES TrES = 3.57 0o.43 [0.12, 1.43]
lgracio-Garcia 1995 12738 12738 —— 2.19 l.00 [0.&3, l.58]
Cote 1997 1a/E0 EESE4 ——— 12. 27 o.78 [0.439, 1.24]
Cowvie 1997 Eidg 19748 —_—— 9._.49 o.z7 [0.11, 0.87]
Ghosh 1995 e0s140 65136 —- 35.Z21 0,86 [0.66, 1.11]
Heard 1999 34597 1794 = 14 0.5z 2.91 [0.31, 27.4E]
Lewy 2000 26,103 22,108 —— 15._43 o.27 [0.&7, 1.393]
foudgil 2000 8/304 127289 o 5_Z8 o.g3 [0.2&6, 1.583]
Subtotal (95% N 860 850 bt 100,00 0.81 [0.69, 0.96]
Total events: 158 0WAPY, 197 (Usual care)
Test for heterogeneity: Chi? = 1012, df =8 (P =026, F =21 0%
Test for averall effect Z=249 (P =0.01)
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Fig S13: The efficacy of action plan treatments using ICS and OCS based plans on FEV, (mean)

Study AP Usual Care SMD (fized) Wigicght SMD (fized)
ot sub-category M Mean (S0) il Mean (=00 95% Cl % 95% Cl

01 Individualized WAP - IC5 & OCS |

‘Yoon 1993 =] 2,730 810 £8 Z.8l{o. 77 —&5— Za_0E -0.0& [-0.55, 0.50]
lgnacio-Garcia 1995 3E 20.4E5(19_EZ) 35 EE_ 48 (ZZ.01) |— 23.99 0.71 [0.23, 1.20]
Jones 1995 23 22_Z0{12.00) 29 2l z0{12.20) —— 3699 0,11 [-0.2&, 0O.57]
Subtatal (95% CN g 10z IQ 100,00 Q.27 [-0.01, 0.8&]
Test for heterogeneity: Chi® = 4 58, df = 2 (P =0.09), F =39.0%
Test for overall effect: £ =1.91 (P = 0.08)
03 Individualized WAP - OCS anly
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Fig S14: The efficacy of action plan treatments using ICS and OCS based plans on PEF (mean)
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Table S1 Outcome comparisons for action points based on % predicted or personal

best PEF

Outcome % Predicted PEF No. of studies Personal best PEF  No. of studies
Hospitalisations™ 0.46 (0.26t00.81) "  4[18,23,24,27] 0.66 (0.48t00.91)" 5[8,9,15,19,2]1
ER visits* 0.87 (0.64 t0 1.18) 5[18,22,23,24,27] 0.78 (0.64t00.95)"  4[8,9,15,19]
Unscheduled Dr 0.44 (0.17 to 1.14) 2[18,23] 0.69 (0.56 t0 0.85) " 3[19,21,10-14]
visits*

Days off work™ 0.90 (0.65 to 1.26) 3[18,24,27] 0.70 (0.53t00.92) " 2[19,21]
Nocturnal asthma*  0.65 (0.38 to 1.11) 2[18,24] 1.0 (0.92 to 1.08) 1[19]

FEV," -0.02 (-0.55t0 0.50) 1[27] 0.40 (0.06 t0 0.73) " 2[19,20]

PEF* -0.01 (-0.31t0 0.29) 2[24,27] 0.56 (0.37t0 0.76) " 3[15,19,20]

*Relative risk (95% CI).
*Standardised mean difference (95% ClI).
" p<0.05.



Table S2 Outcome comparisons for number of action points

Outcome 4 Action points No. of studies <4 Action points  No. of studies
Hospitalisations*  0.65 (0.48t00.88)"  6[8,9,15,18,23,24]  0.23 (0.07t0 0.71)" 3[19,21,27]
ER visits* 0.65(0.46t00.92)"  5[8,9,18,23,24] 0.89 (0.73t01.07)  4[19,21,22,27]
Unscheduled Dr  0.44 (0.17 to 1.14) 2[18,23] 0.79 (0.64100.97)" 2[19,21]
visits*

Days off work* 0.87 (0.62 to 1.23) 2[18,24] 0.74 (0.56t0 0.97) " 3[19,21,27]
Nocturnal 0.65 (0.38to 1.11) 2[18,24] 1.0 (0.92 to 1.08) 1[19]

asthma*

FEV," 0.11 (-0.36t0 0.57)  1[20] 0.37 (0.02t0 0.73) " 2[19,27]

PEF* 0.34 (0.16t0 0.53) "  3[15,20,24] 0.56 (0.20t0 0.92) " 2[19,27]

*Relative risk (95% CI).
*Standardised mean difference (95% ClI).
" p<0.05.



Table S3 Outcome comparisons for “traffic light” configuration of action plans

Outcome Traffic light No. of studies No traffic light No. of studies
Hospitalisations* 0.58 ((0.17 t0 1.92) 2[8,18] 0.58 (0.43t00.79)*  6[8,15,19,21,23,27]
ER visits* 0.93 (0.70 to 1.23) 3[8,18,22] 0.74 (0.60t0 0.92)*  5[9,15,19,23,27]
Unscheduled Dr 0.44 (0.25t0 0.80) * 2[10-14,18] 0.72 (0.58t0 0.90)*  3[19,21,23]

visits*

Days off work* 0.92 (0.63 to 1.33) 1[18] 0.74 (0.56t0 0.97) " 3[19,21,27]
Nocturnal asthma* 0.36 (0.16t0 0.81) * 1[18] 1.0 (0.92 t0 1.08) 1[19]

*Relative risk (95% CI).
" p<0.05.



Table S4 Outcome comparisons for corticosteroids

Outcome ICS & OCS No. of studies OCS only No. of studies
Hospitalisations* 0.59 (0.4410 0.78) " 9[8,9,15,18,19,21,23,24,27] 0.43(0.081t02.18)  1][28]

ER visits* 0.81 (0.69 t0 0.96) * 9[8,9,15,18,19,22,23,24,27]  0.67 (0.46t0 0.97)"  1[28]

Days off work” -0.35(-0.491t0-0.21)"  6[8,9,10-14,18,19,21] -0.13 (-0.34 t0 0.08) 3[17,26,28]
Nocturnal asthma*  0.84 (0.67 to 1.05) 3[18,19,24] 0.30(0.16t0 0.55)*  1[28]

FEV1* 0.27 (-0.01 to 0.56) 3[19,20,27] 0.03(-0.12t00.18)  2[16,28]

PEF* 0.39 (0.23t0 0.56) * 5[15,19,20,24,27] -0.02 (-0.17t0 0.13)  2[16,28]

*Relative risk (95% CI).

*Standardised mean difference (95% CI).
ICS: inhaled corticosteroid.

OCS: oral corticosteroid.

" p<0.05.
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