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Background: Depression has been associated with a decreased level of asthma control. The aim
of our study was to examine associations between health-professional diagnosed work-related
asthma (WRA) and current depression and the effect of current depression on the associations
of WRA with adverse asthma outcomes.
Method:We analyzed data from the 2006 and 2008 Behavioral Risk Factor Surveillance System
Asthma Call-Back Survey and the Anxiety and Depression Module conducted in 25 states and
District of Columbia for ever-employed adults with current asthma. We computed weighted
proportions and prevalence ratios adjusted for age, sex, race/ethnicity, education, current em-
ployment status, and smoking status. Survey participants who were ever told by a doctor or
other health professional that their asthma was related to any job they ever had were deter-
mined to have WRA. Participants with current depression were identified using self-report
of depressive symptoms.
Results: Of ever-employed adults with current asthma, an estimated 9.1% had WRA and 17.0%
had current depression. Persons with WRA were significantly more likely than those with non-
WRA to have current depression. Persons with either WRA, current depression, or both WRA
and current depression were significantly more likely to have adverse asthma outcomes
than persons with asthma and neither condition. The associations with adverse asthma out-
comes were stronger when both current depression and WRA were present.
Limitations: This is a cross-sectional and hypothesis-generating study.
Conclusions: Depression may play an important role in asthma management and should be
considered when assessing patients with asthma and, in particular, those with WRA.
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1. Introduction

In 2009, 13% (29.7 million) of U.S. adults ≥18 years of age
had ever been told they had asthma and 8% (17.5 million)
still had asthma (National Center for Health Statistics,
2009). Based on a review of published studies, the American
ntrol and Prevention,
ivision of Respiratory
0.2, 1095 Willowdale
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Thoracic Society reported that 4%–58% (median 15%) of
adults with asthma have work-related asthma (WRA),
which includes asthma caused by factors related to work or
the workplace environment (occupational asthma) and pre-
existing or concurrent asthma worsened by factors related
to work or the workplace environment (work-exacerbated
asthma) (Balmes et al., 2003; Tarlo et al., 2008). WRA has
been associated with acute morbidity, long-term disability,
death, and adverse socioeconomic outcomes (Tarlo et al.,
2008; Vandenplas et al., 2003).

Data from the 2006–2008 U.S. Behavioral Risk Factor Sur-
veillance System (BRFSS) survey showed that an estimated
9.0% of the U.S. adult population has current depressive
ression on the association of work-related asthma with ad-
Disord. (2011), doi:10.1016/j.jad.2011.09.045
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symptoms, including 3.4% with major depression (CDC,
2010). Studies have documented an association between de-
pression and the onset and course of asthma (Goodwin et al.,
2003; Hurwitz and Morgenstern, 1999; Katon et al., 2004;
Kessler et al., 2003; Oraka et al., 2010; Scott et al., 2007; Solis
et al., 2006; Strine et al., 2008b; Van Lieshout and Macqueen,
2008). Solis et al. (2006) reported that asthma preceded
major depression in 62% of cases, asthma and major depres-
sion had a concurrent onset in 14% of cases, and depression
preceded asthma in 24% of cases. Several hypotheses have
been proposed to explain the association between mental
health disorders and asthma, and evidence suggests that
this association is related to alteration of the hypothalamic-
pituitary-adrenocortical axis regulation (Di Marco et al.,
2011; Van Lieshout et al., 2009).

Persons with a lifetime diagnosis of asthma have 1.7 times
higher odds of having current depressive symptoms than
those with no history of asthma (CDC, 2010; Strine et al.,
2008b). Similar results were reported from theWorld Mental
Health Survey conducted in 17 countries (Scott et al., 2007).
In that study, persons with lifetime asthma compared to
those with no asthma had 1.6 higher odds for depressive
disorders.

Current depression in persons with asthma is associated
with increased number of emergency room visits for asthma,
asthma-related doctor visits, days with asthma symptoms
(Strine et al., 2008a), increased risk for premature mortality
(Aromaa et al., 1994; Zheng et al., 1997), co-morbidity (Katon
et al., 2007), decreased work performance, and increased
costs to employers, in particular the cost of lost work days
(Druss et al., 2000; Kessler et al., 2003, 2008; Stein et al.,
2006). Moreover, higher prevalence of depression, functional
impairment, and decreased work productivity are associated
with poorly controlled asthma (Gonzales Barcala et al., 2011;
Wertz et al., 2010; Williams et al., 2009).

To date there is limited information on current depression
among persons with WRA and its impact on adverse WRA
outcomes. Using data from the 2006 and 2008 BRFSS Anxiety
and Depression Module and the Asthma Call-Back Survey for
ever-employed adults with current asthma in 25 states and
DC, we examined associations of self reported health-
professional diagnosed WRA with current depression. In addi-
tion, we examined the effect of current depression on the asso-
ciation of WRA with adverse asthma outcomes.

2. Methods

2.1. Data source

The BRFSS is an ongoing, state-based, telephone survey con-
ducted by random-digit-dialing of the non-institutionalized
U.S. civilian population aged≥18 years. The survey collects in-
formation on health risk behaviors, preventive health practices,
health care access, and disease status (see http://www.cdc.gov/
brfss/). The BRFSS questionnaire has three parts: the core com-
ponent administered in all 50 states, the District of Columbia
(DC), Puerto Rico, the U.S. Virgin Islands, and Guam; optional
modules which are sets of questions on specific topics; and
state-added questions. We used demographic information
from the core component and health data collected using the
optional Anxiety and Depression Module and the optional
Please cite this article as: Mazurek, J.M., et al., Effect of current de
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Asthma Call-Back Survey. The Anxiety and Depression Module
was administered as part of BRFSS to all participants and the
Asthma Call-Back Survey was administered within two weeks
of the BRFSS telephone interview to a subset of BRFSS respon-
dents. The BRFSS respondents were eligible to participate in
the Asthma Call-Back Survey if they answered “yes” to the
question “Have you ever been told by a doctor, nurse, or
other health professional that you had asthma?” The Anxiety
and Depression Module and the Asthma Call-Back Survey
were administered together in 20 states and DC in 2006 and
in 11 states in 2008 (six states administered both in 2006 and
in 2008).We combined 2006 and 2008data to increase reliabil-
ity and precision of the estimates. The Council of American
Survey and Research Organizations (CASRO) median response
rates among the 20 participating states and DC in 2006 were
49.2% (range, 36.9%–66.0%) for BRFSS/Anxiety and Depression
Module and 53.7% (range, 37.0%–70.8%) for Asthma Call-Back
Survey and among the 11 participating states in 2008 were
50.3% (range, 40.0%–65.5%) for BRFSS/Anxiety and Depression
Module and 55.0% (range, 35.1%–61.5%) for Asthma Call-Back
Survey.

For this study we used 2006 and 2008 BRFSS data without
personal identifiers available at http://www.cdc.gov/brfss/
technical_infodata/surveydata.htm. The BRFSS has a surveil-
lance exemption from Institutional Review Board review at
the Centers for Disease Control and Prevention (protocol
#2988). Participating states are subject to state-specific IRB
requirements.
2.2. Definitions

Respondents with current asthma were those who
answered “yes” to both questions: “Have you ever been told
by a doctor, nurse, or other health professional that you had
asthma?” and “Do you still have asthma?” Respondents were
ever-employed if they described their current employment
status as “employed full-time” or “employed part-time” or, if
not currently employed, answered “yes” to the question
“Have you ever been employed outside the home?” Of ever-
employed participants with current asthma, those who
responded “yes” to the question “Were you ever told by a doc-
tor or other health professional that your asthmawas related to
any job you ever had?” were determined to have health-
professional diagnosed WRA.

Participants with current depression were identified
using the standardized and previously validated eight-item
Patient Health Questionnaire (PHQ-8) from the Anxiety and
Depression Module (Kroenke et al., 2001, 2009). These eight
questions were designed to collect information on the number
of days in the past two weeks that the respondent experienced
depressive symptoms. Following a previously used algorithm,
we assigned a score from 0 to 3 to the number of days for
each of the eight items as follows: 0–1 days=0; 2–6 days=1,
7–11 days=2, and 12–14 days=3. Individuals with a summed
score over the eight items ≥10 were defined as having current
depression.

We based asthma control definitions on the “Expert Panel
Report 3 (EPR-3): Guidelines for the Diagnosis and Manage-
ment of Asthma” (NHLBI, 2007) criteria using participant re-
sponses to questions on asthma symptoms, nighttime
pression on the association of work-related asthma with ad-
Disord. (2011), doi:10.1016/j.jad.2011.09.045
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awakenings, and the use of rescue medication (well con-
trolled, not-well-controlled, or very poorly controlled).

Adverse asthma outcomes were assessed using responses
to the following questions: “During the past 12 months, have
you had an episode of asthma or asthma attack?” (yes, no);
“During the past 12 months, have you had to visit an emer-
gency room or urgent care center because of your asthma?”
(yes, no); “During the past 12 months, have you had to stay
overnight in a hospital because of your asthma?” (yes, no);
“During the past 12 months, how many times did you see a
doctor or other health professional for urgent treatment of
worsening asthma symptoms or for an asthma episode or
attack?” (0 times, ≥1 times); “During the past 12 months,
how many days were you unable to work or carry out your
usual activities because of your asthma?” (0 days, 1–13 days,
≥14 days).

Participants were asked whether they were of Hispanic or
Latino ethnicity. Next they were asked to identify their race:
White, Black or African American, Asian, Native Hawaiian or
other Pacific Islander, American Indian or Alaskan Native, or
Other. We used responses to these two items to categorize
race/ethnicity into one of the four categories: non-Hispanic
white, non-Hispanic black, Hispanic, non-Hispanic other
(i.e., Asian, Native Hawaiian or other Pacific Islander, American
Indian or Alaska Native, those who classified themselves as
“other,” and those who identified themselves as belonging to
multiple racial groups).

Respondent cigarette smoking status was categorized into
three groups: current smokers were those who had smoked
at least 100 cigarettes during their lifetime and who smoked
“every day” or “some days” at the time of the interview; former
smokers were those who had smoked at least 100 cigarettes in
their lifetime but did not smoke at the time of the interview;
never smokers were those who never smoked or those who
had smoked fewer than 100 cigarettes during their lifetime.

Some respondents indicated that their asthmamay be asso-
ciated with workplace exposures (i.e., responded “yes” to any
of the four questions “Was your asthma caused by chemicals,
smoke, fumes or dust in your current job?”, “Was your asthma
caused by chemicals, smoke, fumes or dust in any previous job
you ever had?”, “Is your asthma made worse by chemicals,
smoke, fumes or dust in your current job?”, or “Was your
asthma made worse by chemicals, smoke, fumes or dust in
any previous job you ever had?”). These respondents were
asked if they changed or quit a job because exposures in the
workplace caused or made their asthma worse (“Did you ever
change or quit a job because chemicals, smoke, fumes, or dust
caused your asthma or made your asthma worse?”). Respon-
dents who did not indicate that their asthmamay be associated
withworkplace exposures (i.e., negatively responded to all four
questions) were assumed to have never changed a job because
of the exposures in their job.

2.3. Statistical analyses

We used SAS® software version 9.2 (SAS Institute Inc.,
Cary, NC) survey procedures and SUDAAN® release 10.0.1
software (Research Triangle Institute, Research Triangle
Park, NC) for analyses. We weighted the data to account for
non-response differences in the sample and the unequal
probability of sample selection. Data from 2006 for each of
Please cite this article as: Mazurek, J.M., et al., Effect of current dep
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the 20 states (Alaska, California, Connecticut, Georgia, Hawaii,
Indiana, Iowa, Kansas, Maine, Maryland, Michigan, Missouri,
Montana, Nebraska, New Hampshire, Oregon, Texas, Vermont,
Washington, and Wisconsin) and DC and from 2008 for
each of the 11 states (Arizona, Hawaii, Illinois, Kansas, Maine,
Nebraska, New York, North Dakota, Ohio, Vermont, and
Washington) administering the Anxiety and Depression
Module and the Asthma Call-Back Survey were used. In eight
states (Connecticut, Kansas, Maine, Maryland, Nebraska, New
York, Ohio, and Washington), the Anxiety and Depression
Module was administered to a subset of the state sample in
one version of the questionnaire. For these states, the Asthma
Call-Back Survey final weight was proportionately adjusted
based on the value of the BRFSS version final weight relative
to the value of the BRFSS core final weight. For states with
two years of data (Hawaii, Kansas, Maine, Nebraska, Vermont,
and Washington), weights based on the proportionate distri-
bution of the sample completing the Anxiety and Depression
Module and the Asthma Call-Back Survey between the two
years were calculated. Sampled persons who did not have
current asthma, were never employed, and had missing
data on asthma, employment, or PHQ-8 were included in
the standard error computations to account for the complex
sample design.

We examined associations betweenWRA, current depres-
sion, and adverse asthma outcomes using univariate logistic
regression to calculate unadjusted prevalence ratios (PRs)
and multivariate logistic regression to calculate adjusted
PRs (Thompson et al., 1998). All multivariate associations
were simultaneously adjusted for age (continuous), sex, race/
ethnicity (four categories: non-Hispanic white, non-Hispanic
black, Hispanic, non-Hispanic other), education (two catego-
ries: high school or less, more than a high school), employment
status (two categories: currently employed, not currently
employed), annual household income (five categories:
b$15,000, $15,000–$24,999, $25,000–$34,999, $35,000–
$49,999, ≥$50,000), and smoking status (three categories:
current, former, never smoker). Age, education, employment
status, annual household income, and smoking status were
selected as covariates because of their significant association
either with WRA or current depression in the univariate ana-
lyses. Sex and race/ethnicity were included in the adjustment
because of reported disparities in adverse asthma outcomes
(i.e., emergency department visits, hospitalizations, and
death) associated with these factors (Moorman et al., 2007).
Although variables such as health insurance status, financial
barriers to asthma care, and body mass index were associated
either with WRA or current depression, they did not substan-
tially change findings when adjusted for andwere not included
in the final analyses.

To examine whether current depression modified the asso-
ciation between WRA and adverse asthma outcomes among
adults with current asthma, we repeated the analyses by
depression status. Finally, we examined whether there was
an interaction between WRA and current depression and its
impact on the association with adverse asthma outcomes
using multivariate logistic regression analysis. For this analysis
we created a new variable with four distinct categories ofWRA
and current depression, i.e., WRA alone, current depression
alone, WRA and current depression, and no WRA or current
depression (referent group).
ression on the association of work-related asthma with ad-
Disord. (2011), doi:10.1016/j.jad.2011.09.045
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To account for sampling effect, we reported the 95% con-
fidence intervals (CIs) around the estimates and PRs. PRs
with CIs that did not include 1.0 were considered statistically
significant.
3. Results

A total of 7494 adults in the 25 states and DC that admin-
istered the Anxiety and Depression Module and the Asthma
Call-Back Survey in 2006 and 2008 were ever-employed
and had current asthma. Characteristics of the study popula-
tion are shown in Table 1.
Table 1
Characteristics of ever-employed adults with current asthma by work-related asthm

Characteristics Samplea Total

%b

Age group (years)
18–44 2118 49.8
45–64 3597 36.1
≥65 1754 14.1

Sex
Male 2020 36.6
Female 5474 63.4

Race/ethnicity
White, non-Hispanic 6200 76.5
Black, non-Hispanic 322 8.0
Hispanic 258 9.1
Other, non-Hispanic 664 6.4

Education
≤High school 2637 31.5
>High school 4852 68.5

Household income
b$15,000 1106 14.3
$15,000–$24,999 1252 15.2
$25,000–$34,999 843 11.0
$35,000–$49,999 1084 13.9
≥$50,000 2502 45.6

Health insurance
Yes 6805 86.7
No 660 13.3

Current employment
Employed 3871 58.3
Not employed 3616 41.7

Smoking status
Current 1418 20.1
Former 2478 26.7
Never 3530 53.2

Depression status
Current depression 1270 17.0
No current depression 6169 83.0

Adverse asthma outcome
Very poorly controlled 2092 24.0
Asthma attackd 3794 52.8
Urgent treatment for worsening asthmad 1746 24.1
Asthma-related emergency room visitd 826 11.5
Overnight stay in hospital because of asthmad 265 3.8
Unable to work or carry out usual activities 1–13 daysd 1481 22.6
Unable to work or carry out usual activities ≥14 daysd 729 9.4
Change/quit job due to asthma 745 10.1

Total 7494 100.0

“–” indicates that relative standard error for the estimate >30%; estimate not repo
a Categories do not sum to total due to item nonresponse.
b Based on an average annual estimate.
c Prevalence ratio represents the probability of a person with work-related asthm

non-WRA. For each model, the dependent variable was the individual characteristi
d During the past 12 months.
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Of ever-employed adultswith current asthma, an estimated
9.1% (CI: 7.5–10.7) had WRA and 17.0% (CI: 14.8–19.2) had
current depression. Persons with WRA were significantly
more likely than those with non-WRA to have current depres-
sion (27.6% versus 16.0%, PR: 1.73; CI: 1.19–2.51). In addition,
persons with WRA were significantly more likely to be aged
45–64 years, to identify as other non-Hispanic, to have an
annual household income b$15,000, to be currently unem-
ployed, and to have adverse asthma outcomes (Table 1).

Among ever-employed adults with current asthma those
with current depression were significantly more likely than
those with no current depression to be 45–64, to identify as
other non-Hispanic, to have low annual household income,
a (WRA) status.

WRA No WRA PRc 95% CI

95% CI %b 95% CI %b 95% CI

46.8–52.8 32.3 23.1–41.6 51.5 48.5–54.6 0.63 0.47–0.85
33.5–38.8 57.8 48.4–67.1 34.0 31.4–36.7 1.70 1.42–2.04
12.7–15.5 9.9 6.5–13.3 14.5 12.9–16.0 0.68 0.48–0.98

33.5–39.7 37.7 28.1–47.3 36.4 33.1–39.6 1.04 0.79–1.36
60.3–66.5 62.3 52.7–71.9 63.6 60.4–66.9 0.98 0.83–1.15

73.7–79.3 66.0 55.4–76.6 77.5 74.6–80.3 0.85 0.72–1.01
6.4–9.5 9.5 5.1–14.0 7.8 6.2–9.5 1.21 0.68–2.16
6.8–11.4 – – 9.0 6.6–11.4 1.16 0.50–2.66
5.0–7.9 – – 5.7 4.4–6.9 2.47 1.19–5.12

28.9–34.2 31.4 23.7–39.0 31.3 28.5–34.1 1.00 0.77–1.30
65.8–71.1 68.6 61.0–76.3 68.7 65.9–71.5 1.00 0.89–1.13

11.9–16.6 24.1 15.2–32.9 13.2 10.8–15.6 1.82 1.21–2.75
13.1–17.3 15.4 10.7–20.1 15.2 13.0–17.4 1.01 0.72–1.42
9.0–13.0 – – 10.6 8.7–12.5 1.25 0.59–2.65

11.9–15.9 14.9 9.1–20.7 13.8 11.7–15.9 1.08 0.71–1.65
42.6–48.7 32.4 23.7–41.1 47.2 43.9–50.4 0.69 0.52–0.91

84.3–89.1 81.8 73.3–90.2 87.2 84.7–89.7 0.94 0.84–1.04
10.9–15.7 18.2 9.8–26.7 12.8 10.3–15.3 1.42 0.86–2.35

55.4–61.2 49.7 40.1–59.2 59.2 56.1–62.2 0.84 0.69–1.03
38.8–44.6 50.3 40.8–59.9 40.8 37.8–43.9 1.23 1.00–1.51

17.8–22.5 24.4 15.0–33.8 19.8 17.3–22.2 1.24 0.82–1.86
24.2–29.1 24.7 18.4–30.9 26.6 24.0–29.2 0.93 0.70–1.22
50.3–56.2 50.9 41.5–60.4 53.6 50.5–56.7 0.95 0.78–1.16

14.8–19.2 27.6 18.1–37.1 16.0 13.7–18.2 1.73 1.19–2.51
80.8–85.2 72.4 62.9–81.9 84.0 81.8–86.3 0.86 0.75–0.99

21.6–26.5 38.4 28.8–48.0 22.6 20.1–25.1 1.70 1.29–2.23
49.8–55.8 68.4 59.8–77.0 51.2 48.1–54.4 1.33 1.16–1.54
21.6–26.6 38.7 29.4–48.0 22.6 20.1–25.2 1.71 1.31–2.23
9.7–13.2 19.4 12.6–26.3 10.7 8.8–12.5 1.83 1.23–2.71
2.9–4.7 9.2 5.0–13.4 3.2 2.3–4.1 2.87 1.68–4.92

20.0–25.1 29.1 20.8–37.4 21.9 19.3–24.6 1.33 0.97–1.82
7.9–10.9 21.5 14.3–28.8 8.2 6.8–9.7 2.62 1.79–3.85
8.4–11.7 35.6 27.2–44.0 7.4 5.9–8.9 4.79 3.49–6.58

9.1 7.5–10.7

rted.

a (WRA) having the individual characteristic as compared with a person with
c and the independent variable was WRA.

pression on the association of work-related asthma with ad-
Disord. (2011), doi:10.1016/j.jad.2011.09.045
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to not have health insurance, to be not currently employed,
to be a current smoker, to have WRA, and to have adverse
asthma outcomes (Table 2).

After adjusting for age, sex, race/ethnicity, education, em-
ployment status, annual household income, and smoking sta-
tus, individuals with WRA were more likely than those with
non-WRA to have current depression (PR: 1.44; CI:
1.08–1.92) (data not shown). When associations between
WRA and adverse asthma outcomes among ever-employed
adults with current asthma were examined by current depres-
sion status, WRA remained associated with adverse asthma
outcomes in both groups and the stratum-specific adjusted
PRs were similar with 95% CIs overlapping between categories
(Table 3).

Multivariate associations betweenWRA, current depression
and adverse asthma outcomes among ever-employed adults
Table 2
Characteristics of ever-employed adults with current asthma by presence of curren

Characteristics Current depres

%a 9

Age group (years)
18–44 45.3 3
45–64 48.4 4
≥ 65 6.3

Sex
Male 30.4 2
Female 69.6 6

Race/ethnicity
White, non-Hispanic 66.6 5
Black, non-Hispanic 10.3
Hispanic 10.4
Other, non-Hispanic 12.7

Education level
≤High school 46.4 3
>High school 53.6 4

Household income
b$15,000 29.3 2
$15,000–$24,999 29.4 2
$25,000–$34,999 15.3
$35,000–$49,999 9.0
≥$50,000 17.0 1

Health insurance
Yes 76.3 6
No 23.7 1

Current employment
Employed 35.1 2
Not employed 64.9 5

Smoking status
Current 34.3 2
Former 30.8 2
Never 34.9 2

Asthma work-relatedness
Work-related 14.8
Non-work related 85.2 7

Adverse asthma outcome
Very poorly controlled 45.1 3
Asthma attackc 71.0 6
Urgent treatment for worsening asthmac 31.4 2
Asthma-related emergency room visitc 19.6 1
Overnight stay in hospital because of asthmac 10.4
Unable to work or carry out usual activities 1–13 daysc 24.3 1
Unable to work or carry out usual activities ≥14 daysc 28.4 2
Change/quit job due to asthma 22.2 1

a Based on an average annual estimate.
b Prevalence ratio represents the probability of a person with current depression

pression. For each model, the dependent variable was the individual characteristic
c During the past 12 months.
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with current asthma are shown in Table 4. The magnitude of
associations of current depression alone with the adverse asth-
ma outcomes was similar to associations of WRA alone with
the adverse asthma outcomes. A notable exceptionwaswheth-
er one changed or quit their job because of workplace expo-
sures — the association for WRA alone was much greater than
that for current depression alone. In general, associations be-
tween the presence of both WRA and current depression with
the adverse asthma outcomes were greater compared with as-
sociations for current depression alone or WRA alone.

4. Discussion

Our study analyzed the data from the 2006 and 2008
BRFSS Anxiety and Depression Module and Asthma Call-
back Survey for ever-employed adults with current asthma
t depression.

sion No current depression PRb 95% CI

5% CI %a 95% CI

8.1–52.5 50.7 47.5–53.9 0.89 0.75–1.06
1.3–55.5 33.7 30.9–36.4 1.44 1.22–1.70
4.3–8.3 15.6 14.0–17.3 0.40 0.29–0.57

3.2–37.7 37.9 34.5–41.3 0.80 0.62–1.04
2.3–76.8 62.1 58.7–65.5 1.12 1.00–1.26

9.2–74.0 78.5 75.6–81.5 0.85 0.75–0.95
6.0–14.6 7.5 5.8–9.1 1.40 0.86–2.21
4.9–16.0 8.9 6.4–11.3 1.18 0.64–2.15
6.8–18.6 5.2 3.9–6.4 2.45 1.45–4.16

9.2–53.5 28.5 25.7–31.2 1.63 1.36–1.96
6.5–60.8 71.5 68.8–74.3 0.75 0.65–0.86

3.4–35.3 11.3 8.7–13.9 2.60 1.91–3.53
2.5–36.2 12.3 10.4–14.3 2.38 1.80–3.15
7.9–22.6 10.2 8.3–12.0 1.50 0.90–2.51
5.5–12.5 14.8 12.5–17.1 0.61 0.40–0.92
1.3–22.7 51.4 48.0–54.8 0.33 0.24–0.47

9.7–82.9 88.8 86.3–91.4 0.86 0.78–0.94
7.1–30.3 11.2 8.6–13.7 2.12 1.48–3.04

8.2–42.0 63.0 59.9–66.1 0.56 0.46–0.68
8.0–71.8 37.0 33.9–40.1 1.76 1.54–2.01

7.6–41.0 17.2 14.7–19.7 1.99 1.56–2.54
4.1–37.5 25.8 23.2–28.4 1.19 0.94–1.52
8.2–41.6 57.0 53.8–60.2 0.61 0.50–0.75

9.1–20.5 7.9 6.4–9.5 1.86 1.20–2.88
9.5–90.9 92.1 90.5–93.6 0.93 0.86–0.99

7.9–52.3 19.7 17.4–22.1 2.28 1.87–2.79
5.2–76.7 49.0 45.7–52.3 1.45 1.30–1.61
5.2–37.7 22.6 19.9–25.4 1.39 1.10–1.76
4.5–24.6 9.8 8.0–11.7 1.99 1.45–2.74
6.6–14.2 2.4 1.6–3.2 4.30 2.63–7.02
9.1–29.5 22.2 19.4–25.1 1.09 0.85–1.40
2.1–34.6 5.9 4.7–7.0 4.84 3.59–6.53
6.2–28.2 7.6 6.1–9.0 2.94 2.11–4.09

having the individual characteristic as compared with a person with no de-
and the independent variable was current depression.

ression on the association of work-related asthma with ad-
Disord. (2011), doi:10.1016/j.jad.2011.09.045
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Table 3
Logistic regression. Independent variable work-related asthma (yes/no).

Dependent variable Current depression No current depression

Very poorly controlled asthma 1.30; 0.38–1.32 1.32; 0.96–1.81
Asthma attacka 1.21; 1.07–1.37 1.30; 1.08–1.55
Urgent treatment for worsening asthmaa 1.31; 0.89–1.91 1.65; 1.21–2.24
Asthma-related emergency room visita 1.79; 1.09–2.93 1.39; 0.77–2.49
Asthma-related hospitalizationa 1.40; 0.58–3.35 2.81; 1.37–5.74
Unable to work or carry out usual activities 1–13 daysa 1.55; 1.01–2.39 1.19; 0.86–1.66
Unable to work or carry out usual activities ≥14 daysa 1.27; 0.82–1.98 2.85; 1.67–4.86
Changed/quit job due to asthma 2.90; 1.92–4.38 6.03; 4.13–8.80

Results: Prevalence ratios (PRs) adjusted for age, sex, race/ethnicity, education, employment, annual household income, and smoking status; 95% CI.
PR represents the probability of a personwith work-related asthma having an adverse asthma outcome as comparedwith a person with non-work-related asthma.

a During the past 12 months.
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to determine the association of WRA with current depression
and the effect of current depression on the association of
WRA with adverse asthma outcomes. Overall, the estimated
proportion of current depression in ever-employed adults
with current asthma was 17.0%; nearly twice the prevalence
of current depression reported for the general U.S. adult pop-
ulation (9.0%) (CDC, 2010). The proportion of current depres-
sion in adults with WRA (27.6%) was over three times that in
the general U.S. adult population. Compared to those with
non-WRA, persons with WRA were 1.6 times more likely to
have current depression. Furthermore, we found that WRA
is associated with adverse asthma outcomes regardless of
the depression status which suggests that other factors such
as medical (e.g., increased severity of WRA), behavioral
(e.g., non-compliance with treatment), or environmental
(e.g., persistence of the workplace exposure) factors may
be associated with adverse asthma outcomes and decrease
asthma control. Finally, the associations with adverse asthma
outcomes were stronger when both WRA and current
depression were present.

Results of our study are consistent with previous research
on the presence of depression among persons with asthma
and the effect of depression on asthma outcomes (Lavoie
et al., 2005; Miedinger et al., 2011; Strine et al., 2008a; ten
Brinke et al., 2005; Yacoub et al., 2007). Based on a structured
psychiatric interview of asthma patients presenting to an
asthma clinic, Lavoie et al. (2005) found that 15% of patients
had major depression and 5% had minor depression. Strine
et al. (2008a) demonstrated that among persons with
asthma, current depression is associated with more severe
Table 4
Logistic regression. Models with independent variables WRA alone, current depres

Dependent variable Current depress

Very poorly controlled asthma 1.59; 1.25–2.02
Asthma attacka 1.42; 1.25–1.62
Urgent treatment for worsening asthmaa 1.28; 0.96–1.70
Asthma-related emergency room visita 1.38; 0.96–1.98
Asthma-related hospitalizationa 2.98; 1.70–5.20
Unable to work or carry out usual activities 1–13 daysa 0.99; 0.72–1.35
Unable to work or carry out usual activities ≥14 daysa 2.95; 2.10–4.13
Change/quit job due to asthma 2.42; 1.50–3.91

Results: Prevalence ratios adjusted for age, sex, race/ethnicity, education, employm
Prevalence ratios from the multivariable logistic regression model examining four
depression alone, WRA and current depression, and no WRA or depression as a ref
“–” indicates that relative standard error for the estimate >30%; estimate not repo

a During the past 12 months.

Please cite this article as: Mazurek, J.M., et al., Effect of current de
verse asthma outcomes: A cross-sectional study using..., J. Affect.
disease, more frequent visits to the emergency room and
health care providers, increased inability to work or carry
out usual activities, and decreased asthma control. Similarly,
ten Brinke et al. (2005) reported that frequent exacerbations
in difficult-to-treat asthma patients were associated with
psychological dysfunctioning. Yacoub et al. (2007) assessed
psychological distress among 40 occupational asthma claim-
ants who applied to the Workers' Compensation Agency of
Quebec for assessment of occupational asthma. The authors
found that 47.5% of participants had a clinically significant
level of depression including 7.5% with major depression.

WRA has been associated with reduction in income,
increased healthcare utilization, adverse emotional and social
functioning, and impaired quality of life that persists after
removal from the workplace (Miedinger et al., 2011; Tarlo
et al., 2008; Vandenplas et al., 2003; Yacoub et al., 2007).
Workers who develop WRA may need to change jobs or the
activities conducted in the same job, may become unem-
ployed, may develop functional limitations at work, or may
require the use of assistive devices while remaining in the
same job (Harber, 2009; Toren et al., 2009). These factors
can explain, in part, the fact that persons with WRA are
more likely to develop depression.

The findings of this report are subject to some limitations.
Information on asthma and depression are self-reported and
are not validated by medical records or follow up with health
care providers, thus estimates may be subject to misclassifi-
cation bias. Adverse asthma outcomes may be under- or
overestimated due to recall bias. Also, the levels of asthma
control in this study do not include objective measures of
sion alone, or WRA and current depression.

ion alone WRA alone Current depression and WRA

1.31; 0.96–1.78 2.22; 1.54–3.21
1.30; 1.09–1.55 1.79; 1.56–2.05
1.68; 1.22–2.30 1.88; 1.25–2.82
1.46; 0.83–2.57 2.29; 1.29–4.07
– –

1.20; 0.86–1.68 1.71; 1.11–2.63
2.78; 1.64–4.68 4.20; 2.43–7.25
6.04; 4.10–8.91 6.28; 3.70–10.67

ent, annual household income and smoking status; 95% CI.
disjoint categories of WRA and current depression (i.e., WRA alone, curren
erent category).
rted.

pression on the association of work-related asthma with ad-
Disord. (2011), doi:10.1016/j.jad.2011.09.045
t
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lung function such as spirometry or peak flow measures or
information on activity limitation as recommended in the
EPR-3 (NHLBI, 2007). Therefore, the proportion of very poor-
ly controlled asthma is likely to be underestimated. More-
over, in 2006 and 2008 the surveys queried only persons
with landline telephone access and did not include persons
who resided in households that lacked a landline telephone
and persons who only used cellular telephones. A recent
study showed that adults using cellular telephones only
were more likely to have an unmet need for medical care
and were less likely to have any kind of health-care coverage
and to use preventive health care services (Hu et al., 2011)
suggesting that current depression is likely to be underesti-
mated. Finally, persons with severe depression may be less
likely to participate in the surveys, thus the results might
underestimate the actual prevalence of current depression.

To the best of our knowledge, this is the first study exam-
ining the relationship between WRA and current depression
in the United States. Clinicians should be aware of the poten-
tial risk for poorer asthma control and increased utilization of
emergency health services among persons with WRA and
current depression. These results indicate that a large propor-
tion of ever-employed adults with WRA could benefit from
mental health screening and implementation of optimized
treatment similar to models developed for patients with
depression and other chronic illnesses (Ford, 2008).
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