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Abstract

Objective—Asthma self-management education improves asthma-related outcomes. We
conducted this analysis to evaluate variation in the percentages of adults with active asthma
reporting components of asthma self-management education by age at asthma onset.

Methods—Data from 2011 to 2012 Asthma Call-back Surveys were used to estimate percentages
of adults with active asthma reporting six components of asthma self-management education.
Components of asthma self-management education include having been taught to what to do
during an asthma attack and receiving an asthma action plan. Differences in the percentages of
adults reporting each component and the average number of components reported across
categories of age at asthma onset were estimated using linear regression, adjusted for age,
education, race/ethnicity, sex, smoking status, and years since asthma onset.

Results—Overall, an estimated 76.4% of adults with active asthma were taught what to do
during an asthma attack and 28.7% reported receiving an asthma action plan. Percentages
reporting each asthma self-management education component declined with increasing age at
asthma onset. Compared with the referent group of adults whose asthma onset occurred at 5-14
years of age, the percentage of adults reporting being taught what to do during an asthma attack
was 10% lower among those whose asthma onset occurred at 65-93 years of age (95% CI: —-18.0,
-2.5) and the average number of components reported decreased monotonically across categories
of age at asthma onset of 35 years and older.
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Conclusions—Among adults with active asthma, reports of asthma self-management education
decline with increasing age at asthma onset.
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Introduction

Methods

Effective management of asthma requires that individuals with asthma, or their caregivers,
understand and follow treatment recommendations given by their health care providers [1].
One component of asthma care, asthma self-management education, has been shown to
improve asthma-related outcomes [2]. Asthma self-management education includes
providing patients, or their caregivers, with information about and training in asthma
management skills, the monitoring of asthma-related symptoms or peak-flow, and the use of
written asthma action plans [1].

We conducted these analyses to examine variation in the percentages of adults with active
asthma who report encountering aspects of asthma self-management education. Findings
from previous analyses suggest that the frequency and the severity of asthma-related
outcomes may vary with the age at which asthma first began [3]. In this analysis, we extend
those findings by evaluating the relationship between age at asthma onset and asthma self-
management education. Improving our understanding about the extent to which asthma self-
management education may be influenced by the timing of asthma onset has the potential to
improve our understanding of adults’” asthma self-management education needs.

We analyzed data from the landline samples of the 2011-2012 Behavioral Risk Factor
Surveillance System (BRFSS) adult Asthma Call-back Surveys [4-9], which include data
collected in 38 states, the District of Columbia, and Puerto Rico [10,11]. Of the 29 142
eligible respondents, we restricted our analyses to adults with active asthma who provided
an age at asthma onset, current age, and years since asthma onset; whose responses
regarding age at asthma onset, current age, and years since asthma onset were consistent;
and for whom, information about educational attainment, race/ethnicity, and smoking status
was not missing (n = 20 808) (Figure 1). We identified respondents as having active asthma
if they reported talking to a doctor or other health professional about his/her asthma, taking
asthma medication, or experiencing any symptoms of asthma during the past 12 months
[3,12].

To obtain information about asthma self-management education, respondents were asked six
questions: (1) “has a doctor or other health care professional ever taught you how to
recognize early signs or symptoms of an asthma episode,” (2) “has a doctor or other health
professional ever taught you what to do during an asthma episode or attack,” (3) “has a
doctor or other health professional ever taught you how to use a peak flow meter to adjust
your daily medications, (4) “has a doctor or other health professional ever given you an
asthma action plan,” (5) “have you ever taken a course or class on how to manage your
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asthma,” and (6) “has a health professional ever advised you to change things in your home,
school, or work to improve your asthma?” As in previous analysis [3,13], uninformative
responses (e.g., don’t know, not sure) were categorized as negative responses. A summary
metric of asthma self-management education was computed as the total number of positive
responses to the six asthma self-management education questionnaire items.

Each respondent reported his/her age at the time of the interview, educational attainment,
race/ethnicity, sex, cigarette smoking status, age at asthma onset, and time, in years, since
asthma onset. We categorized the distribution of respondent age: 18-34, 35-44, 45-54, 55—
64, and 65-99 years. Descriptive analyses of the mean age at asthma onset were conducted
using age as a continuous variable, where onset at <1 year of age was set to 0.5 years; all
other analyses were conducted using categories of age at asthma onset: <1-4, 5-14, 15-24,
25-34, 35-44, 45-54, 55-64, 65-93 year(s). Years since asthma onset were collected and
analyzed in categories: <1, 1-5, and >5 year(s).

We estimated percentages of adults with active asthma who reported each of the six
components of asthma self-management education across categories of age, educational
attainment, race/ethnicity, sex, smoking status, and years since asthma onset. We also
estimated the mean number of positive responses to the six asthma self-management
education questionnaire items across categories of the same participant characteristics.
Adjusted percentage differences (PDs) and mean differences (MDs) were generated across
categories of age at asthma onset using linear regression models, specified with Taylor
approximation methods for estimating variance with missing data not missing completely at
random and with onset at 5-14 years as the referent category. The age category of 5-14
years was selected as a referent group because of the larger sizes of the surveyed sample and
estimated population in this category, compared with those in the remaining categories.
Estimates were generated using seven separate models: one model for each of the six asthma
self-management education variables and one model for the summary metric of positive
asthma self-management education responses. Each model was adjusted for age, educational
attainment, race/ethnicity, sex, smoking status, and years since asthma onset as categorical
variables. All analyses were conducted using complex sample survey data analysis
procedures in SAS version 9.3 (SAS Institute Inc., Cary, NC). The data were weighted to
account for non-response and unequal sampling probabilities. The BRFSS Asthma Call-back
Survey is exempt from Institutional Review Board (IRB) review at the Centers for Disease
Control and Prevention; state-specific IRB requirements apply to each of the participating
states, the District of Columbia, and Puerto Rico.

Characteristics of the 20 808 adults in the 2011-2012 Asthma Call-back Survey sample are
presented in Table 1. These respondents ranged in age from 18 to 99 years (mean: 45.9) and
represented an estimated 37.8 million US adults with active asthma. Asthma onset was
reported at a mean of 24.6 years of age, declined monotonically with educational attainment,
and varied across categories of race/ethnicity, sex, and smoking status. Overall, an estimated
76.4% (standard error (SE): 0.8; range across 40 sampled geographic areas: 48.6-93.5%) of
adults with active asthma were taught what to do during an asthma attack, 65.6% (SE: 0.9;
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range: 52.7-79.2%) were taught to recognize the symptoms of an asthma attack, and 45.2%
(SE: 1.0; range: 15.7-60.1%) were taught to use a peak flow meter (Table 2). Lower
percentages reported having been advised to change aspects of the home, school, or work
environment (mean (SE): 39.6% (1.0); range: 26.3-48.2%), having been given an asthma
action plan (mean (SE): 28.7% (0.9); range: 14.7-43.3%), or having taken an asthma
management course (mean (SE): 9.2% (0.6); range 4.4-17.7%). Overall, respondents
reported an estimated average of 2.6 (SE: 0.03) of the six components of asthma self-
management education components; across the 40 sampled geographic areas, this average
ranged from 1.8 (SE: 0.2) in Puerto Rico to 3.1 (SE: 0.2) in Wisconsin.

Survey respondents reported the initial onset of asthma as occurring between <1 year of age
and 93 years of age. Unadjusted estimates (Table 2) and adjusted differences (Figure 2) in
percentages with positive responses to each of the six asthma self-management education
questionnaire items both indicated lower prevalences of several components of asthma self-
management education across categories of increasing age at asthma onset. For example,
among adults with active asthma, the unadjusted estimated percentage of adults reporting
being taught what to do during an asthma attack was 56.4% (SE: 2.3) among adults whose
asthma onset occurred at 65-93 years of age and 78.6% (SE: 1.6) among those whose
asthma onset occurred at 5-14 years of age, the referent category in our analysis. Similarly,
adjusted percentage of adults reporting being taught what to do during an asthma attack was
10% lower among those whose asthma onset occurred at 65-93 years of age (PD: —10.2%,
95% CI: —18.0, —2.5) compared with that among individuals in the referent category. In
contrast, declines in the percentages reporting being given an asthma action plan were
modest and not statistically significant at a = 0.05. Compared with the referent group, the
adjusted mean number of positive responses to the six asthma self-management education
questionnaire items was highest among those whose asthma onset occurred at<1-4 year(s)
(MD: 0.3 (95% CI: 0.03, 0.5), decreased monotonically across categories of ages 35 years
and older, and was lowest among those whose onset occurred at ages 65-93 years (MD:
-0.6, 95% CI: -0.9, -0.4).

Discussion

Using data from the 2011-2012 adult Asthma Call-back Survey, we found that the majority
of adults with active asthma reported having been taught what to do during an asthma attack.
We also found that several aspects of asthma self-management education, including being
given an asthma action plan and being advised to make changes in home, school, or work
environments in order to improve one’s asthma, were reported less frequently. The
percentages reporting each element declined modestly with increasing age at asthma onset,
revealing opportunities for improvement in the delivery of asthma self-management
education regardless of the age at which asthma first began.

Our results support and extend previous findings about asthma self-management education
among adults in the United States [14,15]. Following analysis of 2006-2007 Asthma Call-
back Survey data, Zahran et al. [14] reported that older age, lower levels of educational
attainment, and smoking were associated with reporting fewer components of asthma self-
management education. Similar findings were generated using 2003 National Health

J Asthma. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mirabelli et al.

Page 5

Interview Survey data [15]. Notably, a comparison of findings reported from the 2006-2007
Asthma Call-back Survey to findings from our analysis of the 2011-2012 Asthma Call-back
Survey indicates that changes in the estimated percentages of adults reporting each
component of asthma self-management education between 2006-2007 and 2011-2012 have
been modest. For example, in 2006-2007, an estimated 26.8% (95% CI: 25.3, 28.5) of adults
with active asthma reported being given an asthma action plan [14], compared with 28.7%
(95% CI: 26.9, 30.4) in 2011-2012. The estimated percentage of adults who were advised to
make changes in the home, school, or work environment to improve asthma declined from
43.2% (95% Cl: 41.1, 45.1) in 2006-2007 [14] to 39.6% (95% ClI: 37.7, 41.5) in 2011-
2012. Changes in the survey methods over time preclude us from pooling data from 2011 to
2012 with data from earlier surveys to more efficiently evaluate trends in asthma self-
management education, though our use of the landline telephone sample of the 2011-2012
Asthma Call-back Surveys rather than the cellphone sample likely improves the degree to
which our data may be comparable with these earlier estimates, which were based on
landline telephone samples.

Our results are based on analyses of data collected in 38 US states, the District of Columbia,
and Puerto Rico. While the large number of geographic areas represented and the large
number of survey respondents across these areas are a notable strengths of our analysis, our
results are not representative of the entire US population. Furthermore, our results were
generated using a pooled sample and their generalizability is limited to the population of
adults with active asthma in the states and regions from which the respondent sample was
selected (i.e. Alabama, Arizona, California, Connecticut, Florida, Georgia, Hawaii, Illinois,
Indiana, lowa, Kansas, Louisiana, Maine, Maryland, Massachusetts, Michigan, Mississippi,
Missouri, Montana, Nebraska, Nevada, New Hampshire, New Jersey, New Mexico, New
York, North Carolina, North Dakota, Ohio, Oklahoma, Oregon, Pennsylvania, Rhode Island,
Texas, Utah, Vermont, Washington, West Virginia, Wisconsin, the District of Columbia,
and Puerto Rico); our results do not include area-specific estimates.

For adults with asthma, effective asthma self-management education can provide the
knowledge and skills needed to control the symptoms of asthma and improve asthma-related
outcomes [1,2,16-18]. Results from both observational and experimental research provide
evidence that targeted self-management education can improve self-management skills [19],
medication adherence [20,21], and some indicators of asthma control [17-21]. Despite such
evidence, the translation of research findings about the benefits of asthma self-management
education into practices that consistently improve asthma outcomes has been limited
[17,18]. Evidence that health education for chronic health conditions, including asthma, is
more frequently delivered by physician assistants and nurse practitioners than by physicians
suggests that the delivery of self-management education varies with professional training,
though explanations for the difference remain unclear [22].

Health literacy and self-efficacy have been identified as important challenges to the uptake
and implementation of asthma self-management strategies among adults with asthma
[18,23,24]. In our study, positive responses indicating that respondents encountered the six
components of asthma self-management education included in the Asthma Call-back Survey
questionnaire do not provide information about the extent to which respondents understood
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or recall the provided information or behave differently because of it. Additional
information about the delivery and content of the asthma self-management education, as
well as the extent to which the respondents in our study incorporated the content into their
self-management strategies, would further improve our understanding of effective asthma
self-management education.

In addition, the Asthma Call-back Survey did not include questionnaire items designed to
identify the timing of any components of asthma self-management education; therefore, we
cannot use the data to conduct useful evaluations of the relationships between asthma self-
management education and respiratory health outcomes, such as the frequency or severity of
asthma symptoms. This limitation prevented us from extending our analyses to evaluate the
impact of each element of asthma self-management education on respiratory health.
Exploratory adjustment of our final models for indicators of asthma severity, including self-
reported asthma attack during the past 12 months, number of days in the past 30 d with
symptoms of asthma, number of nights that symptoms of asthma made it difficult to stay
asleep, and indicators of persistent versus intermittent asthma symptoms and level of asthma
control [25] generated estimates nearly identical to those generated by our final models (data
not shown). Although the addition of these indicators did not affect our findings, the
interpretation of such results adjusted for asthma severity is limited by the lack of
information about whether the asthma outcomes reported may have preceded or followed
the components of asthma self-management education. Information about the timing of
asthma self-management training, asthma onset, and asthma exacerbations, as well as
information about behaviors associated with asthma self-management education and the
source of the asthma self-management information would improve our understanding about
the extent to which asthma self-management education affects the frequency and severity of
asthma symptoms.

As in previous analyses [3], the results presented here may be affected by collinearity among
age at interview, age at asthma onset, and years since asthma onset. Our statistical models
were adjusted for age at interview and years since asthma onset, both parameterized as
categorical variables and, therefore, we cannot exclude the possibility of residual
confounding within categories of age or years since asthma onset. However, our final results
were robust to modifications such as including age at interview as a continuous measure,
including years since asthma onset as a continuous measure, excluding one or both from our
analysis, and restricting our analysis to respondents who reported the onset of asthma within
the past year (data not shown). In combination with evidence that asthma in older adults is
an increasingly serious health issue [26], the findings presented here suggest that adults who
develop asthma at older ages may not be fully prepared to self-manage their symptoms.
However, previous research shows that self-management education programs targeted
towards older adults can be effective in promoting self-care by older people with asthma
[27]. Additional information about the extent to which older adults with new-onset asthma
encounter self-management education programs adapted to their needs and learning
preferences would improve our ability to evaluate the impact of such programs. Our findings
are notably strengthened by the large sample of adults with active asthma; the sample of 20
808 men and women in our analysis represents over 37.8 million US adults with active
asthma, all of whom are suitable candidates for asthma self-management education.
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Existing evidence suggests that asthma self-management education involving a written
action plan, self-monitoring, and regular medical review is an effective component of
asthma management and reduces asthma-related outcomes [2]. The findings presented here
illustrate the use of surveillance data to reveal opportunities for improvement in asthma self-
management education, particularly among adults whose asthma onset occurs at older ages.
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2011 BRFSS Asthma Call-back
Survey respondents
(n=16,693)

2012 BRFSS Asthma Call-back
Survey respondents
(n=12,449)

l
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Active asthma
(n=23,225; 80%)

~
7
\ 4
Age and asthma onset
information reported
(n=21,057; 72%)
~
7

Excluded:
- No active asthma (n=5,917)

Excluded:

- Age not reported (n=91)

- Age at asthma onset not
reported (n=1,585)

- Years since asthma onset not
reported (n=97)

- Inconsistent responses for age,
age at asthma onset, and time
since asthma onset (n=474)

A\ 4

Final selected study sample
(n=20,808; 71%)

Figure 1.
Selection of the study sample: 2011-2012 BRFSS Asthma Call-back Survey.

Excluded:
- Missing data for educational

attainment (n=20), race/ethnicity

(n=169), or smoking status
(n=63)
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Figure2.
Percentage differences (PDs) in reporting each element of asthma self-management

education (panels A—C) and mean differences (MDs) in the number of positive responses
(panel D) by age at asthma onset. MDs and PDs (with 95% Cls) are adjusted for age,
educational attainment, race/ ethnicity, sex, smoking status, and years since asthma onset.
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Table 1

Demographic characteristics and mean age at asthma onset for the 2011-2012 Asthma Call-back Survey
sample and weighted population estimate.

Survey sample  Weighted population estimate  Age at asthma onset, in years
No. Noab  percent (95% CI) M ean (SE)
Total 20808 37 760 24.6 (0.3)
Age at asthma onset, in years
<1-4 1733 5206 13.8 (12.0, 15.5) 1.9(0.1)
5-14 3640 9825  26.0(24.3,27.7) 9.4 (0.1)
15-24 2426 6064 16.1(14.4,17.7) 19.0 (0.2)
25-34 2781 5304  14.0 (12.8,15.3) 28.9(0.1)
35-44 3114 4317 11.4 (10.5, 12.4) 38.8(0.1)
45-54 3218 3720 9.9 (9.1, 10.6) 48.5(0.1)
55-64 2356 2050 5.4 (5.0,5.9) 58.7 (0.1)
65-93 1540 1275 3.4(3.1,3.7) 70.9 (0.2)
Age at interview, in years
18-34 1582 11931  31.6(29.4, 33.8) 11.1 (0.4)
35-44 2153 6635 17.6 (16.1, 19.0) 19.4 (0.5)
45-54 3849 6937 18.4 (17.2, 19.6) 27.6 (0.5)
55-64 5929 6331  16.8(15.8,17.8) 34.2(0.5)
65-99 7295 5927 15.7 (14.8, 16.6) 44.0 (0.6)
Educational attainment
Less than high school 1973 5748 15.2 (13.7, 16.8) 27.1(1.0)
Graduated high school 5483 9516 25.2 (23.4, 27.0) 25.1(0.8)
Some college/technical school 6103 12 875 34.1(32.3,35.9) 23.9(0.5)
Graduated college/technical school 7249 9621 25.5(24.1,26.9) 23.7(0.4)
Race/ethnicity
Black, non-Hispanic 1672 4385 11.6 (10.2, 13.0) 22.6 (1.0)
Hispanic 1172 4628 12.3(10.6, 13.9) 19.7 (1.2)
Other, non-Hispanic 1356 2807 7.4 (6.3,8.6) 23.6(1.2)
White, non-Hispanic 16 608 25941 68.7 (66.7, 70.7) 25.9 (0.3)
Sex
Female 15322 24347  64.5(62.6,66.4) 26.0 (0.4)
Male 5486 13414  35.3(33.6,37.4) 22.1(0.6)
Smoking status
Current smoker, smokes every day 2520 6266 16.6 (15.1, 18.1) 23.9(0.8)
Current smoker, smokes some days 969 2367 6.3(5.3,7.2) 22.0 (1.0)
Former smoker 7187 10019 26.5(25.0, 28.1) 30.3 (0.6)
Lifetime non-smoker 10 132 19 108 50.6 (48.7, 52.5) 22.2 (0.5)
Years since asthma onset
<1 593 1034 2.7(22,33) 465 (1.7)
1-5 2169 4114 10.9 (9.5, 12.3) 426 (1.2)
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Survey sample  Weighted population estimate  Age at asthma onset, in years

No. Noab  Ppercent (95% CI) M ean (SE)

>5 18046 32613  86.4(84.9,87.8) 21.7 (0.3)

a
In thousands.

Due to rounding, the sum of category-specific weighted population estimates may not equal the total weighted population estimate.
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