
Written action plan use in inner-city children:
is it independently associated with improved
asthma outcomes?
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Background: Guidelines from the National Asthma Education and Prevention Program stipulate that multicomponent
self-management interventions for asthma should include a written action plan (WAP). However the specific, independent effect
of WAPs in improving outcomes remains unclear.

Objective: To measure the association between WAP use during the previous year and improved asthma outcomes.
Methods: We conducted a longitudinal quasi-experimental study using data from the Healthy Homes II (HH-II) randomized

controlled trial in Seattle, WA. Action plan use during the previous year was measured at exit of HH-II. A participant was a WAP
user if he used his action plan every day, almost every day, or once per week, and non-user if he did not meet these criteria.
Sensitivity analyses explored less stringent criteria for WAP user designation. Prespecified outcomes were baseline-to-exit
changes in asthma control in the previous 2 weeks, Pediatric Asthma Caregiver Quality of Life Scale score, and urgent health
services utilization. We used robust linear and logistic regression to compare outcomes across groups.

Results: Two hundred fifty-one patients participated: 112 WAP users; 139 non-users. After adjustment, no significant
differences in outcomes were observed between WAP users and non-users. Among a subgroup of participants with recent urgent
health services utilization, WAP users had better asthma control than non-users. Changing WAP user criteria to include those
who simply owned an action plan, irrespective of use, did not alter our results.

Conclusion: WAP use during the previous year was not associated with improved outcomes compared with non-use.
Additional studies are needed to assess the long-term, independent benefit of this universally recommended intervention.

Ann Allergy Asthma Immunol. 2011;xx:xxx.

INTRODUCTION
Asthma remains the most common chronic condition of
childhood, affecting 9.1% of all American children. More
than 6 million children have current asthma, leading to
205,000 pediatric hospitalizations and 697,000 emergency
department visits each year.1 The majority of children have
asthma that is not well controlled, and low-income children
are less likely to have controlled asthma than children from
higher-income families.2 Many strategies to control asthma
symptoms and reduce unscheduled health care utilization
exist, including review of medication dosage instructions and
inhaler technique, guidance on self-monitoring and manage-
ment of exacerbations, promotion of behaviors to reduce
environmental triggers, and asthma education.3–7

One commonly recommended intervention to help control
symptoms is the written action plan (WAP), a document that

describes day-to-day preventive practices in addition to clear
steps a patient should take if asthma self-monitoring indicates
a deterioration in asthma control.8–11 The provision of a WAP
is a standard component of asthma education and is a core
part of national and international treatment guidelines.3,10,12,13

Multicomponent self-management interventions that include
the provision of written asthma action plans have been shown
to be effective.8,14,15 However the specific, independent effect
of the WAP in controlling asthma remains less clear.8,16–20 In
a Cochrane review by Bhogal and colleagues,17 the authors
found a gap in knowledge regarding the efficacy of asthma
action plans as part of recommended asthma education inter-
ventions. In addition, a Cochrane review by Toelle and Ram16

found no consistent evidence that asthma action plans led to
better outcomes when compared with no action plans. In the
most recent systematic review by Zemek et al,18 the authors
concluded that, because of a paucity of trial data,21 the inde-
pendent effect of the WAP in reducing symptoms in children
remains uncertain. In light of the evidence gap surrounding
this universally recommended intervention, more information
is needed regarding its efficacy, particularly with respect to
its long-term benefit.

We studied whether use of a WAP during the previous
year was independently associated with improved out-
comes among a cohort of low-income children with poorly
controlled asthma.
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METHODS
A priori, we constructed a conceptual model of action plan
use and its relationship to the primary outcomes of this study
(Fig 1). We include the model here in an effort to make
explicit the assumptions that underlie our analysis and to
provide the context in which the WAP intervention is admin-
istered and used.

Our hypothesis was that WAP ownership and use, mea-
sured longitudinally and cross-sectionally, would improve
asthma control, increase caregiver quality of life, and de-
crease urgent health services utilization among low-income
children with asthma in the Seattle area, after adjusting for
potential confounders. We conducted both a longitudinal,
quasi-experimental study as well as a cross-sectional analysis
to test this hypothesis.

DATA SOURCE
Our study used data from the Healthy Homes II (HH-II)
randomized controlled trial, gathered from 2002 to 2004.22

Briefly, HH-II measured the benefit of adding community
health worker asthma education and support visits in the
home to standard clinic-based asthma education provided by
nurses. The dataset contains extensive information on partic-
ipant demographics, asthma severity and control, extent of
action plan utilization, and variables related to health services
utilization measured at baseline and exit of the trial. Exit data
from the trial were collected approximately 1 year after
participant enrollment.

STUDY POPULATION
The original HH-II cohort enrolled 309 low-income children
aged 3 to 13 years with persistent or poorly controlled
asthma. Low-income was defined as income below 200% of
2001 federal poverty threshold or child enrollment in Med-
icaid. Asthma was considered persistent or poorly controlled
Figure 1. Conceptual model of caretaker-adm

2

f the caretaker reported that their child had symptoms or used
-agonist medications more than twice per week; the child
as using daily controller medication; or the child had a
ospitalization, emergency room, or unscheduled clinic visit
ecause of an asthma exacerbation in the past 6 months. Trial
articipants whose action plan exposure status and outcomes
ata could not be ascertained because of missing information
ere excluded. The Institutional Review Board of Children’s
ospital and Regional Medical Center approved the study.

XPOSURE VARIABLES
e assessed the efficacy of the WAP in two ways.23 First, we
easured the effectiveness of action plans based on degree of

sage during the previous year. Second, in a cross-sectional
anner, we assessed the association of action plan ownership
ith the prespecified outcomes.

efinition of Written Action Plan Usage and Ownership
or the usage analysis, the primary exposure variable was
ction plan use during the previous year. Participants were
onsidered action plan users if at exit interview of HH-II,
hey reported: (1) having an action plan (“In the past 12
onths, has the child’s doctor or other health professional

iven you a written action plan which tells you a) what to do
f your child’s asthma gets worse or he/she is having an
sthma attack or b) how to take asthma medicines?”) and (2)
aving used the action plan over the past 12 months and (3)
aving used the action plan “every day,” “several times a
eek,” or “once a week.” Those not meeting all of these

riteria (ie, participants who “never” used an action plan;
ere “not sure” whether they used an action plan; or who
sed their action plan “once a month” or “less than once a
onth”) were considered non-users and constituted the com-

arison group for the study. Exploratory analyses used less
tringent definitions of action plan use (eg, including those
inistered action plan use and outcomes.
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who used less than once a month). The action plans used in
the original trial had symptom-based and optional peak-flow
components.24,25

For the ownership analysis, the primary exposure was
action plan provision, an exposure measure used in prior
meta-analyses and systematic reviews.16–18 Participants were
considered action plan owners if they reported being given an
action plan.

OUTCOME VARIABLES
The primary outcomes were asthma control in the previous 2
weeks and Pediatric Caregiver Quality of Life Scale score.
Asthma control in the previous 2 weeks was dichotomized to
well controlled or not well controlled, with well controlled
being 4 or fewer symptom days in the prior 2 weeks, as
defined by the latest National Asthma Education and Preven-
tion Program Expert Panel Recommendations.26 Symptom
days are self-reported number of 24-hour periods during the
prior 2 weeks with wheezes, tightness in chest, cough, short-
ness of breath or slowing down activities because of asthma.
The Pediatric Caregiver Quality of Life Scale score is a
validated scale that ranges from 1-7, with higher scores
indicating better quality of life.27

The secondary outcome was urgent health services utiliza-
tion (any self-reported emergency department, hospital, or
unscheduled clinic visit in the past 3 months for asthma).

Parent-reported symptoms and parent-reported health care
utilization have been shown to be reliable assessments of
asthma severity.28

MINIMUM DIFFERENCES DETECTABLE
For the primary analysis comparing baseline-to-exit changes
between WAP users and non-users, the sample size had 80%
power to detect a change of 1.07 symptom-free days, a
0.4-point difference in quality of life score, and an 18%
change in urgent health services utilization. In assessing
statistical comparisons, the level of significance was set at
P � .05 for all outcomes.

STATISTICAL METHODS
Univariate comparisons of demographic and baseline asthma
severity measures used the �2 test for categorical variables
and the two-sample t test (two-tailed) for continuous vari-
ables. In the usage analysis, univariate comparisons of with-
in-group baseline-to-exit changes were calculated using the
paired t test (two-tailed). To discern the between-group effect
of action plan usage, robust linear and logistic regression
models were developed. These between-group effects are
reported as coefficients for continuous variables or odds
ratios for categorical variables. Residual plots confirmed
model fit in the linear regression models; the Hosmer-Leme-
show statistic was used to assure model fit in the logistic
regression models. In the ownership analysis, mean baseline
and exit values were compared across owners and non-own-

ers using a similar approach. u

VOLUME xx, MONTH, 2011
AP Usage Regression Model
he prespecified outcomes (exit values) were the primary
ependent variables of the models. User designation (user or
onuser) was the primary independent variable, with nonus-
rs as the referent group. The usage base models also in-
luded the respective baseline value of the dependent vari-
ble, as well as the following prespecified covariates:
aseline asthma severity, race/ethnicity, original HH-II arm,
overty level, parent’s education, and primary language. Be-
ond these baseline covariates, we assessed confounding on
tatistical grounds using liberal inclusion criteria; we tested
ll a priori potential confounders and included only those
hose P-values were � 0.20 in the base model.29 The fol-

owing prespecified potential confounders were tested for
nclusion in the base model: education on how to use a WAP
rom a primary caregiver in the prior 12 months (measured at
H-II baseline), asthma class attendance in the past 12

able 1. Baseline Characteristics of Written Action Plan (WAP)
sers and Non-users (N � 251)a

Age, mean 7.7 8.0
% Male 64.3 61.1
Race/ethnicity

White 8.9 12.2
African American 20.5 22.3
Other Asian 8.9 2.9
Hispanic 47.3 47.5
Vietnamese 10.7 6.5
Other 3.6 8.6

Caretaker Language
English 45.5 49.6
Spanish 42.9 41.0
Vietnamese 11.6 9.3
Household income �2001 poverty line 45.5 54.7

Caretaker education
Less than HS 42.9 43.8
HS/GED 30.4 28.4
Some college 22.3 25.6
College graduate 4.5 2.2

Asthma severity
Mild Intermittent,% 17.9 20.1
Mild persistent,% 48.2 36.7
Moderate persistent,% 25.0 34.5
Severe persistent,% 8.9 8.6
Smoker in home 42.6 43.4
Environmental trigger score, mean 0.24 0.26
Intervention group in HH-II, % 51.8 46.7
Asthma class past 12 months, % 7.1 9.4
Baseline urgent health services

utilization in prior 3 months, %
49.1 50.4

Baseline WAP owner, % 34.3 34.4
Regular PCP 97.8 98.2
Public insurance, % 88.0 88.9

bbreviations: WAP, written action plan; PCP, primary care provider;
H-II, Healthy Homes II randomized controlled trial; HS, high school;
ED, general equivalence degree.
No significant differences in baseline characteristics between WAP

sers and non-users.
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onths (measured at HH-II baseline), having a regular pri-
ary care provider, and owning an action plan before enroll-
ent in HH-II. Of these potential confounders, asthma class

ttendance in the past 12 months met the statistical criterion
or inclusion in all three WAP usage models, and patient age
et the criterion for inclusion in the Caregiver Quality of Life
cale score usage model.

AP Ownership Cross-sectional Regression Model
n the cross-sectional analyses, the prespecified outcomes
easured at baseline and exit were the primary dependent

ariables. Ownership status was the primary independent
ariable. The cross-sectional models controlled for the same
ovariates as the usage models, with the exception of study-
rm designation in the baseline models.

ESULTS

sage Analysis
hree hundred nine participants entered the HH-II trial, and
71 (88%) completed it. Of this group, 251 (93%) were
ligible for the primary WAP usage analysis. Baseline char-
cteristics, including baseline levels of the outcomes, were
imilar across the use and non-user groups (Table 1).

In unadjusted analyses, both groups showed significant
ncreases in the absolute proportion of children who were
ell-controlled, significant increases in quality of life score,

nd significant absolute decreases in the proportion of children
equiring unscheduled health services over 1 year (Table 2).

After adjustment, no significant difference was seen in
aseline-to-exit changes in the odds of being well controlled
n the prior 2 weeks comparing WAP users and non-users.
imilarly, after adjustment, no significant difference was seen

n baseline-to-exit change in Caregiver Quality of Life or in
he odds of urgent utilization (Table 2).

To test whether our exposure criteria were too strict (per-
aps excluding users who used their plans, but less than once
er week), we reran our models incorporating participants
ho used their action plans “once a month” into the WAP
ser group. This more inclusive user group also showed no
ifferences in prespecified outcomes compared with the new
ontrol group, with the exception of urgent health services
tilization. Unexpectedly, after incorporating the “once a
onth” children into the WAP user group, the adjusted odds

atio comparing use of urgent health services among users
ith that of non-users was 1.90 (95% CI, 0.96–3.74; P �

064) but was just shy of reaching statistical significance.
When our criteria were liberalized further, we designated

sers as those who simply had an action plan at the end of the
rial, regardless of how much they used it during the previous
ear. In this analysis, no differences were seen in the 3
utcomes among WAP users and non-users (data not shown).
Because we had information regarding trial participants’

ction plan use before enrolling in HH-II, we conducted an
xploratory cross-sectional analysis to test whether before-
nrollment action plan usage had any effect on outcomes at
baseline. For this analysis, we defined action plan use in theTa
b
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same way as the primary analysis. Thirty-nine participants
met criteria for action plan users before HH-II enrollment.
After adjustment, action plan users had higher odds of being
well-controlled in the previous 2 weeks compared with non-
users (OR � 2.76; 95% CI, 1.02–7.45; P � .045). Curiously,
action plan users had statistically significant higher odds of
urgent health services utilization in the prior 3 months com-
pared with non-users before enrollment in HH-II after adjust-
ing for covariates (WAP users OR � 4.72; 95% CI, 1.72–
12.96; P � .003). On account of these findings, we conducted
a post hoc analysis to explore whether urgent health services
utilization in the previous 3 months modified the effect of
action plan use on baseline symptom-free days. We found
that, among the subset of patients with recent urgent utiliza-
tion, there was a significant increase in the odds of being well
controlled comparing WAP users with non-users (OR �
4.82; 95% CI, 1.38–16.76; P � .013). This relationship was
not present among the subset of participants without recent
health services utilization, indicating that effect modification
was present (OR: 1.82; 95% CI, 0.237–14.01; P � .563).
Among the subset with recent urgent health services utiliza-
tion, no differences were seen in baseline Caregiver Quality
of Life Scale Scores between WAP users and non-users (data
not shown).

Ownership Cross-Sectional Analysis
Two hundred ninety-two participants had complete data for
the baseline cross-sectional analysis. There were 98 action
plan owners and 194 non-owners at baseline of HH-II. After
adjustment, the odds ratio of urgent health services utilization
comparing owners with non-owners was 1.98 (95% CI, 1.13–
3.48; P � .016). Two hundred fifty-four participants were
eligible for the exit cross-sectional analysis. At exit of the
trial, 197 action plan owners and 61 non-owners were eligi-
ble. After controlling for the same covariates, in addition to
study arm, the association with urgent health services was no

Table 3. Written Action Plan Ownership Associations with Outcomes

Baseline (n � 292)
WAP owne

(n � 98)

Asthma well-controlled, % 62.2
Caregiver Quality of Life Scale score 5.47
Used urgent health services within 3 mos, % 61

EXIT (n � 258)
WAP owne

(n � 197)

Asthma well controlled, % 77
Caregiver Quality-of-Life score 6.61
Used urgent health services within 3 mos, % 26

Abbreviations: WAP, written action plan; HH-II, Healthy Homes II ran
a The coefficient of the WAP ownership group assignment term is repo
OR (WAP owner vs. non-owner) is reported for categorical variables.
b Difference between WAP owner and non-owner, controlling for race/
class attendance in past 12 months. Patient age is additionally contr
c Difference between WAP owner and non-owner, controlling for race/

class attendance in past 12 months and HH-II arm assignment. Patient age

VOLUME xx, MONTH, 2011
onger present (WAP owners at exit OR � 1.24 (95% CI,
.58–2.68; P � .57). For the Caregiver Quality of Life Score
nd control outcomes, no statistically significant differences
ere seen at either baseline or exit between WAP owners and
on-owners (Table 3).

ISCUSSION
mong a cohort of low-income children with asthma in
eattle, we found no independent association of WAP use
uring the previous year with improvement in the following
respecified outcomes: asthma control as measured by symp-
om-free days, caretaker Asthma Caregiver Quality of Life
core, and urgent health services utilization. We also exam-
ned the effect of isolated action plan ownership on these
utcomes. For all 3 outcomes, no benefit was conferred from
ction plan ownership compared with non-ownership, con-
rolling for demographic and baseline asthma severity mea-
ures.

When we liberalized our definition of action plan use, there
emained no improvements in the prespecified outcomes
ompared with the control group. In an exploratory analysis,
e found that among participants requiring recent urgent
ealth services utilization, action plan use was associated
ith better asthma control compared with no use. This find-

ng is in some ways consistent with a recent randomized trial
inding that action plan use, after an ED visit for an asthma
xacerbation, can increase medication utilization and im-
rove control in the short term (within 28 days).30

To our knowledge, in the non–emergency room setting,
nly 1 positive randomized trial explicitly compared action
lan use with non-use.21 This study was limited by its small
ample size (n � 68) and relatively short follow-up (3
onths). Nevertheless, the authors found a symptom benefit

n using an action plan. Why our results (with the exception
f our exploratory analyses) differed is not entirely clear.

-sectional Analysis at Baseline and Exit of HH-II

WAP non-owners
(n � 194)

Coefficient/OR
(95% CI)a P-valueb

62.8 1.29 (0.69–2.42) .42
5.66 0.04 (�0.26–0.35) .79

40 1.98 (1.13–3.48) .016

WAP non-owners
(n � 61)

Coefficient/OR
(95% CI)a P-valuec

78.6 0.95 (0.42–2.12) .90
6.07 0.17 (�0.17–0.52) .33

21 1.24 (0.58–2.68) .57

d controlled trial; OR, odds ratio; CI, confidence interval.
r continuous variables (non-owner � referent group) and the logistic

ty, primary language, poverty level, baseline asthma severity, asthma
r in the quality-of-life scale model.

ty, primary language, poverty level, baseline asthma severity, asthma
: Cross

rs

rs

domize
rted fo

ethnici
olled fo
ethnici
is additionally controlled for in the quality-of-life scale model.
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Perhaps action plan owners and users have more symptoms
and are thus prone to have worse outcomes, which may mask
a benefit from the intervention if it is not assigned randomly.
Strong efforts were made to control for underlying asthma
severity, and still we found no benefit in our primary analysis.
Another possibility is that it may not be WAP ownership or
usage per se that leads to beneficial outcomes, but the appro-
priate behavior on the part of caregivers when their child’s
asthma deteriorates. When we tested this idea, we found that
action plan ownership and use were both associated with
improved asthma management behaviors (measured by in-
creased Parent Self Regulation Scores); however, these self-
management scores were not in turn associated with our
outcomes (data not shown), although in other studies they
have been.31,32

A more uncomfortable conclusion could be that asthma
action plans are not as effective over time as originally
believed, at least among patients with less severe asthma as
measured by the absence of recent urgent health services
utilization. We are very cautious to draw this conclusion
given that this is an observational study. However, this pos-
sibility should not be ignored, given the additional costs
associated with action plan use20 and the unclear perceived
benefit33 and limited time34 on the part of providers to help
administer this intervention.

There are limitations to our study. Because it is an obser-
vational study, unmeasured confounding potentially biased
our results. The detail of the HH-II dataset on which the study
is based, however, allowed us to control for an array of
potential confounders. Consequently, we are cautiously opti-
mistic that our results are not heavily biased. Second, our
analysis may have limited external validity, given that the
trial was conducted on a cohort composed predominantly of
minority, low-income children with poorly controlled asthma.
Thus, applying our findings to children with asthma from a
different demographic group should be done with caution.
Despite this limitation, we believe that our findings remain
relevant on account of the significant asthma burden that
disproportionately affects low-income and minority chil-
dren.35–38 Third, even though our power calculations suggest
it is unlikely, we cannot exclude the possibility of our find-
ings being the result of a type II error, particularly in our
subgroup findings.

Given the nature of action plan use, we cannot be certain of
the reasons why some people did not use their action plans.
Possibly patients used their action plan only when their
symptoms worsened, and so patients who had symptoms less
than once per week but used their action plans may not have
been captured as an exposed individual. We tested this pos-
sibility by broadening our criteria of action plan usage and
found no change in our initial findings. Finally, our exposure
criteria may not have included patients who may have learned
(or memorized) the content of their action plan. Conse-
quently, some patients may have not consulted the plan
regularly enough to be classified as an action plan user when

in reality they were utilizing the contents of the plan.

6

In this observational study, we observed no association
etween written asthma action plan provision or use in the
ast year and increased symptom free days, increased care-
iver quality of life, or decreased use of urgent health ser-
ices. Definitive confirmation of these findings with a suffi-
iently powered randomized controlled trial is needed to
eevaluate the utility of this universally recommended inter-
ention.
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