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Abstract

Objective: The recent increase in asthma prevalence is thought to be partially due to
environmental changes such as changes in air pollution and occupational exposures. Nationally
representative information on workplace exposures among US adults with asthma is limited.
Methods: We examined 2010 National Health Interview Survey data to determine the
proportion of employed adults with asthma who had frequent workplace exposures. Results:
Among adults with current asthma, 19.6% frequently worked outdoors, 17.5% were frequently
exposed to workplace secondhand smoke and 28.1% were frequently exposed to workplace
vapors, gas, dust or fumes. Adults ever told by a health professional that asthma is probably
work-related, when compared to adults who were not, had increased odds of frequent
work outdoors [prevalence odds ratio (POR)=2.76], frequent workplace exposure to
secondhand smoke (POR=3.08) and frequent workplace exposure to vapors, gas, dust or
fumes (POR=3.56). Conclusions: To our knowledge, this is the first population-based study
in USA that estimates the proportion of working adults with asthma that have frequent
workplace exposures. Increasing the understanding of workplace exposures among adults
with asthma will help enable prevention of asthma through workplace exposure reduction or
avoidance. Future studies should further examine industries and occupations of individuals
with asthma and frequent workplace exposures.
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Introduction

The prevalence of asthma in adults has significantly increased
in USA from 6.9% in 2001 to 8.0% in 2012 [1]. In 2010,
nearly 19 million adults in USA had current asthma [2].
The increase in asthma prevalence is thought to be partially
due to environmental changes such as changes in air pollution
and occupational exposures [3,4]. Adult asthma is associated
with a large number of agents, including over 350 that can be
found in the workplace [5]. An estimated 17% of adult-onset
asthma is attributable to workplace exposures [6] and an
estimated 22% of asthma in working adults is exacerbated by
workplace exposures [7]. Asthma caused or made worse by
workplace exposures (work-related asthma) is preventable
and control of this condition relies on control of the offending
workplace exposure through avoidance or reduction [8].
Identifying workplace respiratory exposures may be useful
in revising current strategies or developing new prevention
programs for asthma and work-related asthma. For example,
exposures to occupational hazards can be prevented
through substitution, by conducting workplace engineering
evaluations and developing control technology interventions,
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and by evaluating work practices [9]. When respiratory
exposures cannot be avoided, respirators may be used. Several
factors must be considered when selecting respirators,
including physical, chemical and toxicological properties
of the contaminant and its expected concentration [10].
Use of respirators among individuals already affected by
work-related asthma may result in improvement, but not
complete suppression, of asthma symptoms [11].

During 1981-1983, the National Institute for Occupational
Safety and Health (NIOSH) conducted the National
Occupational Exposure Survey (NOES) to collect data on
potential occupational exposures to chemical, physical
and biological agents (http://www.cdc.gov/noes/). Because
of the ongoing changes to workplace production processes,
job tasks, work schedules and changes to the workforce, more
current data on workplace exposures were needed. In 2013,
using 2010 National Health Interview Survey (NHIS)
Occupational Health Supplement data, Calvert et al. [12]
reported that an estimated 24.7% of adults employed in the
past year frequently worked outdoors; 25.0% were frequently
exposed to vapors, gas, dust or fumes; and 10.0% of non-
smokers were frequently exposed to secondhand smoke
at work; and that these potentially hazardous workplace
exposures varied by industry and occupation.

Workers with asthma and work-related asthma are at
risk for asthma exacerbation with exposure at work [7].
No nationally representative information on the proportion
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of working adults with asthma that experience frequent
workplace exposures potentially relevant to asthma is avail-
able in USA. To address this gap, we determined the
proportion of adults employed in the past year with current
asthma that had frequent workplace exposures using the 2010
NHIS Occupational Health Supplement data.

Methods
Data source

The NHIS is a cross-sectional household interview survey
with continuous sampling and interviewing throughout the
year in which one randomly selected adult (aged >18 years)
household member is interviewed in person. The National
Center for Health Statistics conducts the survey annually in
collaboration with the US Census Bureau to collect health
information on the civilian non-institutionalized US popula-
tion. In 2010, NIOSH sponsored an Occupational Health
Supplement to the 2010 NHIS in order to collect information
on occupational health conditions including asthma in relation
to work. The 2010 NHIS sample adult response rate was
60.8% [13]. The 2010 NHIS received Institutional Review
Board approval from the National Center for Health Statistics
(Research Ethics Review Board protocol no. 2009-16).
All 2010 NHIS respondents provided oral consent prior to
participation in the survey. The 2010 NHIS questionnaire,
dataset and related documentation are available at: http://
www.cdc.gov/nchs/nhis/quest_data_related_1997_forward.htm
and information on the 2010 NHIS Occupational Health
Supplement is available from: http://www.cdc.gov/nchs/nhis/
supplements_cosponsors.htm.

Definitions

We defined respondents employed in the past year as those
who (i) were ‘‘working for pay at a job or business’’, ‘‘with
a job or business but not at work’” or ‘‘working, but not for
pay, at a family owned job or business’’ during the week prior
to the NHIS interview and (ii) among respondents who were
“‘looking for work’’ or ‘‘not working at a job or business and
not looking for work’” during the week prior to the interview,
those who answered ‘‘yes’” to the questions: ‘‘have you
ever held a job or worked at a business?’’ and ‘‘although you
did not work last week, did you have a job or business at any
time in the past 12 months?”’.

We defined respondents as having current asthma if they
answered ‘‘yes’’ to the questions, ‘‘have you ever been told by
a doctor or other health professional that you had asthma?’’
and ‘‘do you still have asthma?’’. We defined asthma that was
probably work-related as a ‘‘yes’” response to the question
‘‘have you ever been told by a doctor or other health
professional that your asthma could be or probably was work-
related?”’. Adults employed in the past year with current
asthma were also asked a series of questions on asthma
outcomes in the 12 months prior to the interview such as
having an asthma attack or episode and having an emergency
room visit or urgent care visit for their asthma.

A series of questions on potential workplace exposures
were asked of respondents who were employed in the
past year. Frequent work outdoors was defined by a ‘‘yes’
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response to the question ‘‘during the past 12 months, did you
regularly work outdoors twice a week or more?”’ Frequent
workplace exposure to secondhand smoke was defined by a
‘‘yes’’ response to the question ‘‘during the past 12 months,
were you regularly exposed to tobacco smoke from other
people at work twice a week or more?’’. We defined frequent
workplace exposure to vapors, gas, dust or fumes as a ‘‘yes’’
response to the question ‘‘please tell me if you are/were
regularly exposed to vapors, gas, dust or fumes at work
twice a week or more?”’. The questions on frequent work
outdoors and frequent exposure to secondhand smoke at
work were pertinent to the main job the respondent held in
the week prior to the interview. If the respondent was not
working in the week prior to the interview, the questions
addressed the job held most recently. The question on
frequent workplace exposure to vapors, gas, dust or fumes
was pertinent to the respondent’s longest held job. Research
has shown that a single question on vapors, gas, dust or fume
exposures defines exposure risk as well as multiple-item
questions [14].

Data analysis

We analyzed data using SAS® software (version 9.3; SAS
Institute Inc., Cary, NC) survey procedures. Data were
weighted to account for the probability of selection and to
adjust for participant non-response [13]. All estimates in
this report have relative standard errors <30% and represent
the US population aged >18 years employed in the past year
with current asthma.

We examined the proportions of adults employed in the
past year with current asthma that had frequent workplace
exposures. We also examined frequent workplace exposures
among adults employed in the past year with current asthma
by select characteristics. We compared proportions using x>
statistics. Using multivariable logistic regression to calculate
adjusted prevalence odds ratios (PORs), we examined asso-
ciations between select characteristics and frequent work-
place exposures. For each workplace exposure, we adjusted
for all variables that were significantly associated with
that particular workplace exposure as determined by the x>
statistics. All test results were determined statistically
significant at p value <0.05.

Results

A total of 1227 NHIS Occupational Health Supplement
respondents (representing an estimated 11.1 million adults)
were employed in the past year and had current asthma.
Characteristics of adults employed in the past year with
current asthma have previously been published [15]. Among
adults employed in the past year with current asthma, an
estimated 19.6% frequently worked outdoors, 17.5% were
frequently exposed to secondhand smoke in the workplace
and 28.1% were frequently exposed to vapors, gas, dust or
fumes in the workplace. Among adults employed in the past
year with current asthma, an estimated 6.6% had ever been
told by a health professional that their asthma was probably
work-related [16]. When compared to adults who were never
told by a health professional that their asthma was probably
work-related, adults who were told that their asthma was
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probably work-related had higher proportions who frequently
worked outdoors (34.1 versus 18.5%; p=0.003) and were
frequently exposed to secondhand smoke at work (31.8 versus
16.5%; p=0.001) in their current or most recent job;
and were frequently exposed to vapors, gas, dust or fumes
at work (51.2 versus 26.5%; p<0.0001) at their longest held
job (Table 1).

In bivariate analyses, sex, education, income, health
insurance, smoking status and being told that asthma is
probably work-related were independently associated with
frequently working outdoors and were included in multi-
variable logistic regression. After adjusting for covariates, the
following groups had significantly elevated odds of frequently
working outdoors: males compared to females (POR =4.29),
those with high school education compared to those with
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more than a high school education (POR = 1.70), those with
an annual income of $35 000-$74 999 compared to those with
an annual household income >$75000 (POR =1.95), those
without health insurance compared to those with health
insurance (POR =1.66), those with an asthma attack in the
past year compared to those without an asthma attack in the
past year (POR =1.41) and those who were told that their
asthma is probably work-related compared to those who were
not (POR =2.76) (Table 1).

In bivariate analyses, age, sex, education, income, health
insurance, smoking status, emergency room oOr urgent care
visit for asthma and being told that asthma is probably work-
related were independently associated with frequent expos-
ure to secondhand smoke at work and were included in

multivariable

logistic

regression.

After

Table 1. Proportion of adults with current asthma employed in the past year who had frequent workplace exposures.

adjusting  for

Characteristic
(number in sample®)

Frequent work outdoors

Frequent exposure to
secondhand smoke at work

Frequent exposure to vapors,
gas, dust or fumes at work

%® (95% CI)

POR® (95% CI)

%® (95% CI)

POR? (95% CI)

%® (95% CI)

POR® (95% CI)

Age group in years
18-29 (316)
3044 (411)
45+ (500)
Sex
Male (399)
Female (828)
Race
White (875)
Non-White®(351)
Hispanic ethnicity
Hispanic (185)
Non-Hispanic (1042)
Education
Less than high school (93)
High school graduate (264)
More than high school (868)
Income
<$34999 (419)
$35000-$74999 (401)
>$75000 (363)
Health insurance
Not covered 194)
Covered (1028)
Smoking status
Never (736)
Former (251)
Current (235)
Asthma attack"
No (602)
Yes (325)

20.7 (15.2-26.2)
20.8 (16.2-25.5)
17.7 (13.5-21.9)

34.7 (29.0-40.4)f
10.9 (8.5-13.4)

19.5 (16.5-22.5)
19.8 (14.0-25.7)

27.5 (18.1-36.9)
18.5 (15.7-21.4)

22.5 (12.8-32.3)F
29.1 (21.9-36.2)
16.5 (13.4-19.6)

22.3 (17.1-27.6)
24.4 (19.3-29.6)
13.6 (9.8-17.4)

30.8 (22.2-39.5)"
17.7 (15.0-20.4)

18.4 (14.9-22.0)
20.8 (14.7-26.8)
22.4 (16.0-28.9)

19.0 (14.9-23.0)
20.2 (16.6-23.7)

Emergency room/urgent care visit"

No (1086)
Yes (141)

Ever told by a health professional that asthma is probably work-related

No (1131)
Yes (93)
Total

19.2 (16.4-22.0)
22.9 (14.4-31.5)

18.5 (16.1-21.0)f
34.1 (22.1-46.1)
19.6 (16.9-22.2)

1.07 (0.68-1.68)
1.11 (0.75-1.66)
1.00 (ref)

4.29 (3.09-5.96)
1.00 (ref)

1.00 (ref)
0.88 (0.57-1.34)

1.43 (0.89-2.29)
1.00 (ref)

1.31 (0.70-2.45)
1.70 (1.12-2.58)
1.00 (ref)

1.48 (0.92-2.38)
1.95 (1.27-2.99)
1.00 (ref)

1.66 (1.03-2.69)
1.00 (ref)

1.00 (ref)
0.99 (0.63-1.54)
0.94 (0.60-1.48)

1.00 (ref)
1.41 (1.00-1.99)

1.00 (ref)
1.47 (0.87-2.47)

1.00 (ref)
2.76 (1.55-4.92)

23.6 (17.7-29.4)f
18.2 (14.0-22.4)
12.6 (8.7-16.4)

24.8 (19.5-30.1)f
13.4 (10.6-16.2)

16.5 (13.4-19.6)
21.5 (16.1-26.9)

17.9 (10.9-24.9)
17.5 (14.5-20.5)

35.6 (22.7-48.6)"
22.5 (16.0-29.0)
14.6 (11.4-17.7)

24.5 (19.1-29.9)
19.7 (14.9-24.5)
11.6 (7.5-15.6)"

39.3 (30.1-48.5)"
13.9 (11.3-16.6)

12.2 (8.9-15.5)
18.6 (12.3-25.0)
34.5 (27.5-41.5)

16.1 (12.3-19.8)
19.1 (15.2-22.9)

16.7 (13.8-19.5)f
25.7 (17.1-34.3)

16.5 (14.0-19.1)f
31.8 (21.2-42.5)
17.5 (14.8-20.3)

2.04 (1.23-3.40)
1.43 (0.91-2.25)
1.00 (ref)

2.19 (1.48-3.26)
1.00 (ref)

1.00 (ref)
1.33 (0.86-2.05)

0.79 (0.48-1.31)
1.00 (ref)

1.90 (0.82-4.39)
1.19 (0.76-1.85)
1.00 (ref)

1.02 (0.62-1.69)
1.37 (0.83-2.25)
1.00 (ref)

2.96 (1.73-5.06)
1.00 (ref)

1.00 (ref)
1.64 (0.97-2.76)
2.92 (1.83-4.66)

1.00 (ref)
1.27 (0.81-1.99)

1.00 (ref)
1.67 (0.95-2.92)

1.00 (ref)
3.08 (1.75-5.43)

25.2 (19.2-31.2)
28.5 (23.6-33.5)
30.0 (25.4-34.5)

40.5 (34.8-46.1)"
21.1 (17.7-24.5)

28.9 (25.2-32.5)
25.4 (20.0-30.7)

35.8 (26.9-44.7)
27.1 (23.8-30.4)

34.3 (22.9-45.7)f
40.0 (32.1-47.9)
24.0 (20.5-27.5)

28.5 (23.2-33.8)
33.9 (28.2-39.6)
22.9 (17.6-28.1)"

35.9 (27.6-44.2)"
27.0 (23.6-30.4)

25.2 (21.4-29.0)
33.8 (26.9-40.6)
32.0 (24.2-39.8)

25.3 (21.0-29.5)
31.0 (26.5-35.4)

27.9 (24.6-31.1)
30.5 (21.6-39.4)

26.5 (23.5-29.5)f
51.2 (38.4-64.0)
28.1 (25.0-31.3)

0.81 (0.54-1.21)
0.90 (0.63-1.28)
1.00 (ref)

2.48 (1.84-3.35)
1.00 (ref)

1.00 (ref)
0.76 (0.55-1.06)

1.32 (0.88-1.97)
1.00 (ref)

1.63 (0.93-2.85)
2.07 (1.41-3.03)
1.00 (ref)

1.09 (0.71-1.66)
1.63 (1.10-2.41)
1.00 (ref)

1.20 (0.79-1.82)
1.00 (ref)

1.00 (ref)
1.32 (0.91-1.91)
1.05 (0.69-1.59)

1.00 (ref)
1.55 (1.14-2.11)

1.00 (ref)
1.29 (0.87-1.92)

1.00 (ref)
3.56 (1.94-6.54)

CIL, Confidence interval; ref, reference group. “The numbers may not add to total because of missing values (0 for age, O for sex, 1 for race, 0 for
Hispanic ethnicity, 2 for education, 44 for income, 5 for health insurance, 5 for smoking status, O for asthma attack, O for emergency room visit and 3
for ever told by a health professional that asthma is probably work-related). °Results presented as weighted estimate. Adjusted for sex, education,
income, health insurance, smoking status and ever told by a health professional that asthma is probably work-related. *Adjusted for age, sex,
education, income, health insurance, smoking status, emergency room visit/urgent care and ever told by a health professional that asthma is probably
work-related. “Adjusted for sex, education, income, health insurance, smoking status and ever told by a health professional that asthma is probably
work-related. ‘Indicates significant association between the particular variable and workplace exposure as determined by the X2 statistics (p value

<0.05). ®Includes American Indian/Alaskan Native, Asian, Black/African American and multiple races. "n the past 12 months.
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covariates, the following groups had significantly elevated
odds of frequent secondhand smoke exposure in the work-
place: those 18-29 years old compared to those >45 years
(POR =2.04), males compared to females (POR=2.19),
those without health insurance compared to those with health
insurance (POR =2.96), current smokers compared to never
smokers (POR =2.92) and those who were told that their
asthma is probably work-related compared to those who were
not (POR =3.08) (Table 1).

In bivariate analyses, age, sex, education, income, health
insurance, smoking status and being told that asthma is
probably work-related were independently associated with
frequent workplace exposure to vapors, gas, dust or fumes
and were included in multivariable logistic regression. After
adjusting for covariates, the following groups had signifi-
cantly elevated odds of frequent workplace exposure to
vapors, gas, dust or fumes: males compared to females
(POR =2.48), persons with a high school education
compared to those with more than high school education
(POR =2.07), those with an annual income of $35000-
$74 999 compared to those with an annual household income
>$75000 (POR = 1.63), those with an asthma attack in the
past year compared to those without an asthma attack in
the past year (POR =1.55) and those who were told that
their asthma is probably work-related compared to those who
were not (POR =3.56) (Table 1).

Discussion

These results show that between 17.5 and 28.1% of adults
with current asthma and between 31.8 and 51.2% of adults
who were told that their asthma is probably work-related
asthma are frequently exposed to workplace exposures which
may play a role in asthma onset or exacerbation. We found
that an estimated 19.6% of adults employed in the past year
with current asthma frequently worked outdoors which is
lower than the estimate by Calvert et al. [12] in all adults
employed in the past year (24.7%). This may suggest the
healthy worker effect where persons with asthma are less
likely to be hired into or remain in jobs with significant
exposures [12,17]. In addition, individuals with childhood
asthma may avoid occupations that may be associated with
increased risk of asthma symptom exacerbation [18-23].
In contrast, we found slightly higher estimated proportions
of adults employed in the past year with asthma who were
frequently exposed to vapors, gas, dust or fumes at work
in their longest held job than Calvert et al. [12] found in all
adults employed in the past year (28.1 versus 25.0%,
respectively).

A variety of respiratory triggers are associated with work
outdoors. These agents may include pollen [24], grass cuttings
[25], hot and cold weather [24], and pesticides [26] which are
all associated with multiple cases of work-related asthma
in sentinel surveillance data [26]. Additionally, outdoor air
pollutants are associated with pulmonary inflammation,
decreased lung function and asthma exacerbation [27].

Calvert et al. [12] found that, among non-smokers
employed in the past year, 10% were frequently exposed to
secondhand smoke in the workplace and that this prevalence
was higher in the mining and construction industries. This
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is lower than what we found among current non-smokers
with asthma in this study (12.2% of never smokers and 18.6%
of former smokers) indicating that workers with asthma have
more frequent exposure to workplace secondhand smoke [12].
We found in our bivariate analysis that frequent workplace
exposure to secondhand smoke was higher among adults
18-29 years old. This may partially be explained by young
adults working in industries and occupations where they are
frequently exposed to secondhand smoke. For example, in the
accommodation and food services industry, where workers are
less likely than other workers to be protected by smoke-free
workplace policies, the median age of workers is 30 years old
compared to the median age of all workers which is 42.3 years
[28,29]. In children with asthma, secondhand smoke exposure
is associated with increased rates of healthcare utilization
and asthma exacerbations [30,31]. Results from a case-control
study of incident asthma in adults indicate that adults with
workplace exposure to environmental tobacco smoke have
higher odds of developing asthma than those not exposed
to environmental tobacco smoke at work [32]. Exposure to
secondhand smoke in the workplace can have far-reaching
consequences. In 2008, Stanbury et al. [33] reported that a
waitress died from asthma associated with work-related
environmental tobacco smoke at the bar where she worked.

In USA, progress has been made in the adoption of
comprehensive smoke-free laws in most states and in the 50
largest US cities [34,35]. However, in 2010, 48% of states
and in 2012, 40% of the 50 largest US cities still did not
have comprehensive smoke-free laws protecting workers in
all indoor areas of private workplaces, restaurants and bars
[34,35]. A study examining the impact of smoke-free
legislation in UK found a 4.9% reduction in emergency
room admissions for asthma among adults after the initiation
of smoke-free legislation [36].

We found that males had significantly higher odds of all
measures of frequent workplace exposures of concern when
compared to females. This may be because of differences in
the occupations and industries in which males and females
work as well as differences in job task by gender [37,38].
Interestingly, frequent exposure to vapors, dust, gas or fumes
at work and frequent work outdoors differed by education and
income while frequent exposure to secondhand smoke at work
did not.

The strength of this study is that it provides recent
population-based information on workplace exposures among
adults with asthma in USA. However, because of the cross-
sectional design of the survey, we were unable to assess the
temporal relationship between asthma onset and workplace
exposures. We were also unable to determine whether the
workplace exposure categories examined occurred in the
same job the respondent had when their asthma symptoms
first developed. This may explain, in part, why more
adults with work-related asthma did not report the specific
workplace exposures examined here. Moreover, due to small
sample sizes, we were unable to further examine the
characteristics of individuals with work-related asthma and
workplace exposures. We were also unable to examine
workplace secondhand smoke exposure among non-smokers
or workplace exposures among adults with asthma in specific
industry and occupation groups due to small sample sizes.
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Research by Calvert et al. [12] found that the proportion
of workers exposed to workplace exposures such as frequent
work outdoors, frequent exposure to secondhand smoke in the
workplace and frequent exposure to vapors, gas, dust and
fumes at work varied by both industry and occupation.
Additionally, because adults not employed in the past year
were not included in this analysis, our estimates of the
proportion of adults with asthma frequently exposed to
vapors, gas, dust or fumes in their longest held job may be
underestimated, particularly if individuals with asthma and
workplace exposure to vapors, gas, dust or fumes withdrew
from the workforce.

Conclusion

To our knowledge, this is the first population-based study
in USA that examines the proportion of working adults
with asthma that have frequent workplace exposures pertinent
to asthma onset or exacerbation. As expected, we found
that individuals who were told that their asthma is probably
work-related had higher proportions of frequent workplace
exposure than individuals who were not. This may reflect
increased frequent workplace exposure in adults with work-
related asthma but may also indicate that physicians
are more likely to recognize and diagnose work-related
asthma in individuals with frequent workplace exposures.
Increasing the wunderstanding of workplace exposures
among adults with asthma will help enable the prevention
of asthma through workplace exposure reduction or avoidance
[7,8]. Future studies should further examine industries
and occupations of individuals with frequent workplace
exposures.
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