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Abstract

Objective—Asthma severity is defined as the intensity of treatment required to achieve good
control of asthma symptoms. Studies have shown that work-related asthma (WRA) can be
associated with poorer asthma control and more severe symptoms than non-WRA. Associations
between asthma medications and WRA status were assessed using data from the 2012-2013
Asthma Call-back Survey among ever-employed adults (=18 years) with current asthma from 29
states.

Methods—~Persons with WRA had been told by a physician that their asthma was work-related.
Persons with possible WRA had asthma caused or made worse by their current or previous job, but
did not have physician-diagnosed WRA. Asthma medications were classified as controller (i.e.,
long-acting B-agonist, inhaled corticosteroid, oral corticosteroid, cromolyn/nedocromil,
leukotriene pathway inhibitor, methylxanthine, anticholinergics) and rescue (i.e., short-acting S~
agonist). Demographic and clinical characteristics were examined. Associations between asthma
medications and WRA status were assessed using a multivariate logistic regression to calculate
adjusted prevalence ratios (PRs).

Results—Among an estimated 15 million ever-employed adults with current asthma, 14.7% had
WRA and an additional 40.4% had possible WRA. Compared with adults with non-WRA, those
with WRA were more likely to have taken anti-cholinergics (PR=1.80), leukotriene pathway
inhibitor (PR=1.59), and methylxanthine (PR=4.76), and those with possible WRA were more
likely to have taken methylxanthine (PR = 2.85).

Conclusions—Results provide additional evidence of a higher proportion of severe asthma
among adults with WRA compared to non-WRA. To achieve optimal asthma control, adults with
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WRA may require additional intervention, such as environmental controls or removal from the
workplace exposure.
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ACBS; BRFSS; WRA

Introduction

Asthma is a chronic airway disease that affected 18.7 million adults in the United States in
2010 [1]. Symptoms of asthma include shortness of breath, chest tightness, and wheezing
caused by airflow obstruction due to reversible narrowing of bronchial airways and an
increase in bronchial responsiveness to inhaled stimuli [1, 2]. In 2009, asthma was
responsible for more than 1.3 million emergency department visits, 350 000 hospitalizations,
and 3500 deaths among adults with current asthma [1]. Work-related asthma (WRA) is the
asthma that is caused or made worse by workplace exposures, and has been associated with
poorer asthma control, increased asthma attacks, more emergency department visits, greater
asthma-related hospitalizations, and more frequent urgent treatment for worsening asthma
[3, 4].

For most asthma patients, asthma symptoms can be controlled by implementing effective
asthma treatment and environmental controls [5]. The National Asthma Education and
Prevention Program’s (NAEPP) Expert Panel Report 3 (EPR-3): Guidelines for the
Diagnosis and Management of Asthma recommends rescue medications to treat acute
symptoms and exacerbations, and long-term controller medications to achieve and maintain
control of persistent asthma [2]. A stepwise approach to therapy, in which the number and
frequency of medications are increased as asthma worsens and decreased as control is
achieved, is recommended to maintain optimum control of asthma symptoms with the lowest
possible dose of medications [2].

Early diagnosis and removal of asthma patients from workplace exposures have been shown
to improve WRA symptoms [4, 6-8]. However, some adults elect to remain in their current
workplace because they are unable to find alternative employment. In addition, others may
have persistent symptoms despite removal [6]. A previous study estimated that 62% of the
WRA patients have poorly controlled asthma [3]. Underutilization of available asthma
treatments and poor management may be reflected in more frequent emergency department
visits and hospitalizations, particularly as seen among adults with WRA [5, 9].

Previous studies using data from the Behavioral Risk Factor Surveillance System (BRFSS)
Asthma Call-back Survey have assessed controller medications among adults with current
asthma [10, 11]. Knoeller et al. [9] found that adults with WRA take significantly more
prescription medications than those with non-WRA. However, a detailed analysis of
medications taken by adults with WRA has not been performed [9-11]. Also, asthma
severity in these studies has not been assessed using the 2009 European Respiratory Society
(ERS) and the American Thoracic Society (ATS) guidelines that defined severity as the
difficulty in controlling asthma with treatment [3, 12, 13]. Here, we report on asthma
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medications and asthma severity among adults with WRA using data from the 2012-2013
Asthma Call-back Survey.

The BRFSS is a state-based, random-digit-dialed landline and cellular telephone survey of
the non-institutionalized U.S. population aged =18 years that collects information on health
risk factors, preventive health practices, and disease status [14]. BRFSS includes a standard
set of core questions, optional modules, and state-added questions. BRFSS respondents who
have ever been told by a health professional that they have asthma are invited to participate
in the Asthma Call-back Survey, an optional module [15]. Those who agree to participate are
interviewed within 2 weeks of the initial BRFSS interview and detailed information on
asthma, including WRA, is collected. The Asthma Call-back Survey was administered
among adults in 22 states in 2012 and 28 states in 2013. The median American Association
for Public Opinion Research response rate in 2012 among the 22 states was 44.9% (range:
27.7-56.8%) for BRFSS and 47.2% (range: 38.5-60.6%) for Asthma Call-back Survey, and
in 2013 among the 28 states was 43.9% (range: 31.1-57.2%) for BRFSS and 46.0% (range:
32.5-57.1%) for Asthma Call-back Survey. The Institutional Review Board at the Centers
for Disease Control and Prevention has granted a surveillance exemption for BRFSS.
Participating states are subject to state-specific Institutional Review Board requirements.
Reports of selected statistical indicators of 2013 BRFSS data quality (outcome measures,
selection biases, and missing values) are available at http://www.cdc.gov/brfss/annual_data/
2013/pdf/2013_dqr.pdf.

Using previously established definitions, this study analyzed data on the ever-employed
adults with current asthma [3, 9, 12]. Survey participants who responded “yes” to the
questions “Have you ever been told by a doctor or other health professional that you have
asthma?” and “Do you still have asthma?” had current asthma. Ever-employed participants
were those who indicated that they were currently employed full-time, part-time, or had ever
been employed. Participants who responded “yes” to the question “Have you ever been told
by a doctor or other health professional that your asthma was caused by, or your symptoms
made worse by, any job you ever had?” had WRA. Adults with possible WRA were those
who did not have WRA and described their asthma as caused by or made worse by things
like chemicals, smoke, dust, or mold in their current or previous job. Adults with current
asthma who did not have WRA or possible WRA had non-WRA.

The Asthma Call-back Survey asked respondents about their prescription medication use
during the 3 months preceding the interview. For this study, medications were classified as
controller (i.e., long-acting S-agonist [LABA], inhaled corticosteroid, oral corticosteroid,
cromolyn/nedocromil, leukotriene pathway inhibitor, methylxanthine, anti-cholinergics) or
rescue (i.e., short-acting B-agonist [SABA]) and grouped into six treatment groups following
EPR-3 guidelines (online Appendix 1) [2].

Smoking status was defined as current (i.e., smoked =100 cigarettes during lifetime and
currently smoke every day or some days), former (i.e., smoked =100 cigarettes during
lifetime and currently do not smoke at all), and never (i.e., never smoked or smoked <100
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cigarettes during lifetime). Adverse asthma outcomes, including asthma attack, emergency
room visit, hospital stay, and urgent treatment for worsening asthma in the last 12 months,
were classified using previously developed definitions [3, 9]. Asthma control was defined
according to EPR-3 guidelines and categorized into well controlled, not well controlled, and
very poorly controlled based on the category with the most severe impairment using
responses to questions on asthma symptoms, nighttime awakenings, and SABA medication
use for symptom control [2, 3].

Asthma severity was defined, using EPR-3 and the ERS/ATS Severe Asthma Guidelines, as
intermittent and persistent according to respondents’ level of asthma control and use of
asthma controller medications [2, 16]. Adults with well-controlled asthma not using long-
term control medications had intermittent asthma. Adults using long-term control
medications, regardless of their asthma control, and those with uncontrolled asthma not
taking long-term control medications had persistent asthma.

The 2012-2013 Asthma Call-back Survey data collected from 29 states using landline and
cellular telephone samples were weighted to account for non-coverage, unequal probability
of sample selection, and survey non-response to produce estimates which are representative
of these state populations. Analyses were performed using SAS software version 9.3 (SAS
Institute Inc., Cary, NC) and SUDAAN release 11.0.1 software (Research Triangle Institute,
Research Triangle Park, NC). Data from 2012 to 2013 were combined and re-weighted by
multiplying the percentage of subjects in each state and survey year by the corresponding
survey year’s weight. Weights were unaltered for states with 1 year of data available.
Estimates were not reported if the relative standard error was >30% or the estimate was
based on a sample of <50 respondents [14].

We examined demographic and clinical characteristics of ever-employed adults with current
asthma. The Rao—Scott chi-square test was used to assess associations between selected
characteristics and a history of using asthma medications. A multivariate logistic regression
was used to calculate adjusted prevalence ratios (PRs) for the associations among WRA
status, asthma medications (drug class and treatment group), adverse asthma outcomes, and
asthma control by asthma medication use. Age (continuous), sex, race/ethnicity, income,
education, current employment status, smoking status, health insurance, chronic obstructive
pulmonary disease (COPD), depression, and adverse asthma outcomes were all
independently associated with WRA status and a history of taking asthma medication, and
were simultaneously included in the multivariate logistic regression models. Using backward
selection, non-significant covariates were removed from the model. Sex and race/ethnicity
remained in the model regardless of significance because previous research has shown
associations with either WRA status or asthma medication [17, 18]. Results were considered
statistically significant at an alpha of <0.05.

In the 29 states during 2012-2013, a sample of 20 823 adults participated in the Asthma
Call-back Survey. Of these, 14 915 were ever-employed adults with current asthma.
Participants with no current asthma (n = 5,123), who were never employed (n = 305), and
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with missing information on employment or current asthma status (n = 480) were excluded
from analyses.

Among an estimated 15 million ever-employed adults with current asthma in these 29 states,
an estimated 14.7% had WRA and an additional 40.4% had possible WRA (Table 1).
Overall, 64.9% (95% CI = 63.0-66.8) of the ever-employed adults with current asthma used
any asthma medication in the 3 months preceding the interview; this proportion varied from
69.5% for adults with WRA to 67.3% for adults with possible WRA, and 61.2% for those
with non-WRA. Age, sex, health insurance, and smoking status were significantly associated
with a history of asthma medication use in the 3 months preceding the interview (Table 1).

Proportion of ever-employed adults with current asthma taking asthma controller
medications by the number of medications and WRA status is shown in Table 2. Compared
with adults with non-WRA, those with WRA and possible WRA were more likely to be
taking =3 asthma controller medications (PR = 2.66, 95% CI = 1.67-4.26 and PR = 1.98,
95% CI = 1.34-2.93, respectively).

Proportion of ever-employed adults with current asthma taking specific asthma medications
by asthma drug class and WRA status is shown in Table 3. Those with WRA were more
likely to be taking anti-cholinergics (PR = 1.80, 95% CI = 1.05-3.06), leukotriene pathway
inhibitor (PR = 1.59, 95% CI = 1.22-2.07), and methylxanthine (PR = 4.76, 95% CI = 2.06—
11.0) than those without WRA (Table 3). Furthermore, an analysis by treatment regimen
showed that, compared with non-WRA, adults with WRA were more likely to be taking a
combination of inhaled corticosteroids and either a leukotriene pathway inhibitor or
methylxanthine in addition to taking SABA as needed (PR = 2.21, 95% CI = 1.57-3.11)
(Table 4). Those with possible WRA were more likely to be taking methylxanthine (PR =
2.85, 95% CI = 1.55-5.23) (Table 3), and were more likely to be taking a combination of
inhaled corticosteroids and either a leukotriene pathway inhibitor or methylxanthine in
addition to SABA (PR = 1.41, 95% CI = 1.05-1.89) (Table 4).

Associations among WRA, adverse asthma outcomes, and asthma control by history of
medication use are shown in Table 5. Adults with WRA were more likely than those with
non-WRA to have adverse asthma outcomes in the last 12 months including an asthma
attack (PR = 1.62, 95% CI = 1.47-1.79), urgent treatment for worsening asthma (PR = 1.51,
95% CI = 1.28-1.77), an asthma-related emergency room visit (PR = 1.65, 95% CI = 1.24—
2.20), and to have very poorly controlled asthma (PR = 1.54, 95% CI = 1.28-1.86). By a
history of asthma medication use in the last 3 months, the associations between WRA and
having an asthma attack (PR = 2.16, 95% CI = 1.72-2.70), and unscheduled treatment (PR =
2.13, 95% CI = 1.38-3.30) were stronger among adults who did not take asthma medication
compared with those who took asthma medication (PR = 1.42, 95% CI = 1.28-1.57 and PR
=1.18, 95% CI = 1.02-1.35, respectively). Also, very poorly controlled asthma remained
associated with WRA among individuals who had taken medications in the last 3 months
(Table 5).

By asthma severity, 75.2% of the adults with WRA had persistent asthma, compared to
57.9% of the adults with non-WRA (PR = 1.07, 95% CI = 0.98-1.18). Similarly, 69.8% of
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the adults with possible WRA had persistent asthma, significantly greater than those with
non-WRA (PR =1.09, 95% CI = 1.02-1.16).

Discussion

This is the first study to use Asthma Call-back Survey data to evaluate the specific use of
asthma medication among adults with WRA. Results indicate that adults with WRA were
more likely than those with non-WRA to be taking less commonly prescribed medications,
including anti-cholinergics, leukotriene pathway inhibitors, and methylxanthines. Those
with possible WRA were more likely to be taking methylxanthines than those with non-
WRA. Moreover, adults with WRA were significantly more likely than those with non-
WRA to have used two or more controller medications, and to be taking medications
recommended for controlling severe asthma symptoms (i.e., combination of inhaled
corticosteroid and either a leukotriene pathway inhibitor or methylxanthine in addition to
SABA, as needed). These findings are consistent with previous reports using data from
Asthma Call-back Survey that persons with WRA used significantly more asthma
medications in the past 3 months than individuals with non-WRA (1.5 vs 1.3; p <0.001) and
those with WRA had more severe asthma symptoms, higher healthcare utilization, and less
well-controlled asthma than those with non-WRA [3, 9, 12].

Early diagnosis and elimination of exposures may resolve asthma symptoms and should be
considered first in the management of asthma [4, 6-8]. In addition, the reduction of exposure
may be considered when appropriate for some adults with irritant-induced asthma and
asthma exacerbated by work [4, 6, 7, 19]. However, WRA is often under recognized and, if it
is diagnosed, may be difficult to manage, resulting in delayed or inadequate medical care [4,
20]. A recent study showed as few as one in seven employed adults with asthma talk to their
clinician about the possible relation between work and their asthma [21]. Moreover, some
adults may choose to remain in their current workplace, and thus exposed, due to adverse
social and financial consequences associated with job loss or job change [22]. The large
proportion of adults taking medications in this study may represent a missed opportunity for
control of exposures or removal, and the subsequent need for pharmaceutical intervention.
Physicians should collect a thorough occupational history in all working adults with new-
onset or exacerbated asthma. Establishing a WRA diagnosis and recommending appropriate
management are necessary to improve health outcomes among these individuals [4, 6, 8].

In this study, adults with WRA were more likely than adults with non-WRA to be taking
anti-cholinergic medications (i.e., ipratropium bromide, a bronchodilator indicated for the
treatment of COPD) [23]. While ipratropium bromide has been used in addition to SABA to
treat asthma attacks, its use among adults with WRA may suggest asthma—COPD overlap
syndrome (ACOS) [24]. ACOS is characterized by overlapping clinical features of both
asthma and COPD, and has been associated with more symptoms and worse outcomes than
asthma or COPD alone [25-28]. Results from a previous report using the 2006-2008 Asthma
Call-back Survey data indicated that 52% of the adults with WRA also have COPD [3]. An
ACOS diagnosis among adults with WRA not responding to traditional asthma medication
despite adherence to treatment guidelines may lead to better clinical characterization and
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improved treatment among these patients [25]. Future studies should examine how overlap
between COPD and WRA may impact WRA management.

Optimal control of asthma depends on the avoidance or reduction of exposures, correct
inhaler technique, medication compliance, and appropriate recognition and response to an
asthma episode [2, 4, 29, 30]. Lack of asthma control among adults with WRA may be
explained, in part, by inadequate asthma management education in some patients (e.g., older
adults, those with less formal education, and cigarette smokers) [31]. Moreover, asthma-
related misconceptions (i.e., patients only have asthma when symptoms are present, asthma
can be cured rather than symptoms controlled) and low health literacy may contribute to
poor asthma medication compliance and adverse health outcomes [32].

Over one-third of the adults were not taking any asthma medications in the last 3 months,
despite evidence of adverse asthma outcomes and uncontrolled asthma symptoms among
some of these individuals. Moreover, over half of the adults with WRA and possible WRA
were not taking any controller medications. This was similar to the findings by Zahran et al.
[10] who found that only 53% of the adults with uncontrolled asthma were on long-term
control medications. Adults may perceive taking asthma medication to have greater risks
than benefits, or their asthma to be well controlled when it is not, and may not take asthma
medications as prescribed [32-34]. Additionally, over a quarter of the adults with WRA
experience financial barriers and may take less than the recommended dose or are unable to
buy medications [9]. However, because the Asthma Call-back Survey is a cross-sectional
survey, the temporal relationship of adverse asthma outcomes to a history of asthma
medication use could not be established.

At least four asthma phenotypes (i.e., paucigranulocytic, eosinophil predominant, neutrophil
predominant, and mixed granulocytic) have been identified through a cluster of analyses of
clinical, physiological, and laboratory features [5, 35]. Available treatments may be less
effective for some asthma phenotypes with more severe symptoms; thus, distinguishing
asthma phenotypes among workers with WRA may provide the opportunity for more
targeted treatment options for some patients with WRA [2, 5, 36]. Biological treatments
have been developed to treat severe allergic asthma and include omalizumab, mepolizumab,
and reslizumab [37-40]. In this study, only one respondent indicated using omalizumab in
the 3 months preceding the interview. The American College of Chest Physicians concluded
that immunotherapy may effectively manage sensitizer-induced occupational asthma when
the causative agent cannot be avoided and the allergen extract is available [4, 6]. However,
limited evidence exists on the efficacy of immunotherapy for adults with WRA. Exposure
avoidance is the preferred primary strategy to reduce signs and symptoms of WRA. Removal
of the workers with sensitizer-induced WRA from further exposure in addition to another
asthma management may be necessary [4, 41].

This study is subject to additional limitations. Information on asthma and medications was
self-reported and not validated by medical records or follow up with health care providers.
Also, the survey did not collect information on the medication dose or duration of treatment;
thus, it was necessary to combine some treatment groups (i.e., low-dose inhaled
corticosteroid, medium-dose inhaled corticosteroid, and high-dose inhaled corticosteroid).
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The Asthma Call-back Survey was not designed to collect information on the timing of
WRA diagnosis or episodes of asthma worsening. Moreover, no data were available to
categorize WRA cases as new-onset or work-exacerbated asthma. Small sample sizes for
some subgroups resulted in unreliable estimates that were not reported. Finally, data used in
this analysis were for adults living in 29 states; therefore, results may not be nationally
representative or representative of non-participating states.

Conclusions

The results of this study provide additional evidence of severe asthma among individuals
with WRA. Adults with WRA were taking more medications for their asthma and those less
commonly prescribed medications typically recommended for more severe asthma
symptoms; however, despite treatment, adults with WRA were still more likely to have
adverse asthma outcomes and less well-controlled asthma than adults with non-WRA.
Collection of detailed information on occupational exposures, asthma triggers, and
determination of asthma phenotype is critical for accurate WRA diagnosis and
implementation of targeted interventions to achieve optimal asthma symptom control [4, 20].
Physicians should focus on optimizing and intensifying guideline-directed treatment to
improve asthma control, and may consider prescribing phenotype-specific treatments [2].
Physicians should also consider counseling patients to reduce or avoid workplace exposures,
particularly for patients with difficult-to-control or sensitizer-induced asthma [4].
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Table 5

Adverse asthma outcomes and asthma control by history of medication use and work-related asthma (WRA)
status.

Total Medication use in last 3 months ~ No medication use in last 3 months

Adverse asthma outcomes PR&(95% ClI) PR2(95% ClI) PR2(95% ClI)

Asthma attack?
WRA 1.62 (1.47-1.79) 1.42 (1.28-1.57) 2.16 (1.72-2.70)
Possible WRA 1.32 (1.20-1.44) 1.24 (1.13-1.35) 1.44 (1.14-1.78)
Non-WRA 1.00 1.00 1.00

Urgent treatment?
WRA 1.51 (1.28-1.77) 1.18 (1.02-1.35) 2.13 (1.38-3.30)
Possible WRA 1.22 (1.06-1.40) 1.11 (0.98-1.24) 0.91 (0.60-1.40)
Non-WRA 1.00 1.00 1.00

ER visit?
WRA 1.65 (1.24-2.20) 1.40 (1.05-1.84) —
Possible WRA 1.26 (0.99-1.61) 1.17 (0.92-1.49) 1.33 (0.73-2.42)
Non-WRA 1.00 1.00 1.00

Overnight hospital stayb
WRA
Possible WRA
Non-WRA

Well-controlled asthma®
WRA
Possible WRA
Non-WRA

Not well-controlled asthma®

1.18 (0.72-1.93)
1.27 (0.79-2.05)
1.00

0.74 (0.64-0.85)
0.81 (0.75-0.88)
1.00

1.10 (0.65-1.84)
1.33(0.82-2.17)
1.00

0.68 (0.54-0.85)
0.80 (0.70-0.92)
1.00

0.87 (0.77-0.98)
0.89 (0.81-0.96)
1.00

WRA 1.16 (0.95-1.41) 0.99 (0.80-1.23) 1.69 (1.05-2.74)
Possible WRA 1.19 (1.03-1.38) 1.06 (0.91-1.23) 1.65 (1.11-2.47)
Non-WRA 1.00 1.00 1.00

Very poorly controlled asthma®

WRA 1.54 (1.28-1.86) 1.47 (1.22-1.76) 1.49 (0.89-2.49)
Possible WRA 1.31 (1.14-1.50) 1.22 (1.07-1.39) 1.36 (0.86-2.16)
Non-WRA 1.00 1.00 1.00

a . ) . . .

Consists of five models where the outcome variables were adverse asthma outcomes and asthma control and the predictor variable was WRA
status, adjusted for age, sex, race/ethnicity, income, health insurance, current employment status, and chronic obstructive pulmonary disease among
the total population and those reporting medication use in last 3 months.

bln the last 12 months.

cBased on NAEPP Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma, using information on the number of days with
any asthma symptoms and nighttime awakenings in the last 30 days, and the frequency of inhaler SABA use in the last 3 months.

ClI, confidence interval; PR, prevalence ratio; WRA, work-related asthma; Bold text indicates significance; “~" indicates relative standard error
>30%, estimate not reportable.
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