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Introduction: Asthma is associated with an increased risk for cardiovascular disease, and adults
with persistent, severe asthma have a significantly higher risk of cardiovascular disease than adults
with intermittent or no asthma.

Methods: The objective of this cross-sectional study was to assess the association between work-
related asthma status and cardiovascular disease among ever-employed adults (aged 18—64 years)
with current asthma using data from the 2012—2017 Behavioral Risk Factor Surveillance System
Asthma Call-Back Survey from 37 states and the District of Columbia. Weighted prevalence ratios
and 95% Cls, adjusted for age, sex, race/ethnicity, education, household income, smoking status,
chronic obstructive pulmonary disease, diabetes, and BMI, were calculated. In addition, the associa-
tions of cardiovascular disease with adverse asthma outcomes and asthma control among adults
with work-related asthma were examined. Analyses were conducted in 2021.

Results: Among an estimated annualized 14.8 million ever-employed adults aged 18—64 years
with current asthma, adults with work-related asthma (prevalence ratio=1.5; 95% CI=1.2, 1.8) and
possible work-related asthma (prevalence ratio=1.2; 95% CI=1.0, 1.5) were significantly more likely
to have cardiovascular disease than adults with non-work-related asthma. Among adults with
work-related asthma, those with very poorly controlled asthma (prevalence ratio=1.8; 95% CI=1.3,
2.5) and an asthma-related emergency room visit (prevalence ratio=1.5; 95% CI=1.1, 2.0) were sig-
nificantly more likely to have cardiovascular disease.

Conclusions: Adults with work-related asthma were more likely to have cardiovascular disease
than those with non-work-related asthma. Primary prevention, early diagnosis, and implementa-
tion of optimal work-related asthma management are essential for workers’ health. Cardiovascular
disease should be considered where appropriate when diagnosing and recommending treatment
and interventions for adults with work-related asthma.

Am ] Prev Med 2023;64(2):194—203. Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine.
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INTRODUCTION

sthma is a chronic airway disease that is charac-
A terized by chronic airway inflammation, vari-

able airflow limitation, and tissue remodeling.'
It can also be associated with chronic systemic inflam-
mation beyond the airways." Symptoms of asthma
include wheeze, shortness of breath, chest tightness, and
cough.l’2 In 2019, asthma affected more than 20 million
adults, resulting in more than 8 million asthma attacks,
860,000 emergency department visits, and 100,000 hos-
pital inpatient stays in the U.S.” Annually, asthma is
associated with an economic burden of more than $80
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billion in the U.S. owing to medical costs, absenteeism,
and deaths.”

A subset of asthma, work-related asthma (WRA), is
comprised of new-onset asthma that is caused by
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exposures in the workplace (occupational asthma) or pre-
existing asthma that is made worse by exposures in the
workplace (work-exacerbated asthma).” An estimated
16% of incident adult asthma and 21.5% of pre-existing
asthma are attributable to workplace exposures.”” Adults
with WRA who have uncontrolled asthma tend to have
greater asthma medication use, more asthma symptoms,
more frequent asthma attacks, increased emergency
department visits, more frequent asthma-related hospital-
izations, and more frequent urgent treatment for worsen-
ing asthma than those with non-WRA.™’ Moreover,
WRA is associated with reduced quality of life and
adverse socioeconomic outcomes such as unemployment
and reduction or loss of income.'"™ "

Previous research has found that asthma is associated
with an increased risk for cardiovascular disease
(CVD)."*" " CVD includes coronary heart disease, heart
attack, and stroke and was the leading cause of death in
the U.S. in 2017.*° Inflammatory pathophysiology char-
acteristic of both asthma and CVD may contribute to
cardiovascular complications seen among individuals
with asthma.'>'~** Moreover, adults with more severe
and less controlled asthma have a significantly higher
risk of developing CVD than adults with less severe and
more controlled asthma.'***

Because WRA is associated with more frequent and
more severe asthma symptoms, adults with WRA may
be at a greater risk for developing CVD than those with
non-WRA.™*’ In addition, there is evidence that certain
workplace exposures, including welding fumes, pesti-
cides, organic solvents, and engine exhaust, may be asso-
ciated with both WRA and CVD.””** Concurrent
diagnosis of a comorbid condition, such as CVD, may
make treatment of asthma symptoms and achieving con-
trol more difficult among adults with WRA than among
those with no WRA.*

In this cross-sectional study, data from the Behavioral
Risk Factor Surveillance System (BRFSS) Asthma Call-
Back Survey (ACBS) were used to assess the association
between WRA and CVD among ever-employed adults
aged 18—64 years with current asthma. In addition, the
association of asthma control and adverse asthma out-
comes with CVD by WRA status was assessed.

METHODS
Study Sample

The BRESS is a cross-sectional, population-based, random digit-
dialed landline and cellular telephone survey of the non-institu-
tionalized U.S. adult (aged >18 years) population.29 The ACBS is
an optional follow-up survey of BRFSS respondents with asthma
conducted within 2 weeks after the initial interview and is
designed to collect detailed information on respondents’ asthma.”
The IRB at the Centers for Disease Control and Prevention has
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granted a surveillance exemption for studies using BRFSS data;
however, states participating in BRFSS are subject to the IRB
requirements of their state.

Data were assessed from 37 states (Arizona, California, Con-
necticut, Florida, Georgia, Hawaii, Illinois, Indiana, Iowa, Kansas,
Kentucky, Maine, Maryland, Massachusetts, Michigan, Minne-
sota, Mississippi, Missouri, Montana, Nebraska, Nevada, New
Hampshire, New Jersey, New Mexico, New York, North Carolina,
Ohio, Oklahoma, Oregon, Pennsylvania, Rhode Island, Texas,
Utah, Vermont, Washington, West Virginia, and Wisconsin) and
the District of Columbia (DC) that conducted the ACBS during
2012—2017. The median response rate for these 37 states ranged
from 44% in 2013 to 47% in 2014 for BRFSS and ranged from
43% in 2017 to 47% in 2012 for ACBS.**”° Despite recent declines
in telephone survey response rates, the BRESS produces preva-
lence rates comparable with those of other national and state pop-
ulation-level surveys.”'

Measures

Adults with current asthma were identified by affirmative
responses 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? Respondents were considered ever employed if they
described their current employment status as employed full time
or employed part-time or answered yes to the question Have you
ever been employed? Adults with current asthma were then classi-
fied as having either WRA, possible WRA, or non-WRA.
Respondents had WRA if they 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? Adults with possible WRA were those who
did not have WRA as defined previously and responded yes to
any of the following 4 questions: Are your asthma symptoms made
worse by things like chemicals, smoke, dust, or mold in your current
job?, Was your asthma first caused by things like chemicals, smoke,
dust, or mold in your current job?, Were your asthma symptoms
made worse by things like chemicals, smoke, dust, or mold in any
previous job you ever had?, and Was your asthma first caused by
things like chemicals, smoke, dust, or mold in any previous job you
ever had? Ever-employed adults with current asthma who did not
meet definitions for WRA or possible WRA were classified as
non-WRA.

Respondents had CVD if they responded yes to any of the fol-
lowing questions: Has a doctor, nurse, or other health professional
ever told you that you had a heart attack also called a myocardial
infarction? or Has a doctor, nurse, or other health professional
EVER told you that you had angina or coronary heart disease? or
Has a doctor, nurse, or other health professional EVER told you
that you had a stroke? Cigarette 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 ciga-
rettes during lifetime and currently do not smoke at all), and
never (i.e., never smoked or smoked <100 cigarettes during life-
time). Respondents had chronic obstructive pulmonary disease
(COPD) if they responded yes to any of the following questions:
Have you ever been told by a doctor or health professional that you
have chronic obstructive pulmonary disease also known as COPD?,
Have you ever been told by a doctor or other health professional
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that you have emphysema?, or Have you ever been told by a doctor
or other health professional that you have chronic bronchitis?
Respondents had diabetes if they responded yes to the question
Has a doctor, nurse, or other health professional ever told you that
you have diabetes? Female respondents who indicated that their
diabetes only occurred during pregnancy were not considered to
have diabetes. BMI was calculated from respondents’ self-reported
weight and height (weight in kilograms divided by height in
meters squared) and categorized as underweight (<18.5), normal
weight (18.5—24.9), overweight (25.0—29.9), and obese (>30.0).
In accordance with the Expert Panel Report 3: Guidelines for the
Diagnosis and Management of Asthma, asthma control was catego-
rized into well controlled, not well controlled, and very poorly con-
trolled on the basis of the category with the most severe
impairment using responses to questions on asthma symptoms,
nighttime awakenings, and short-acting B-agonist medication use
for symptom control.>* On the basis of previously developed defi-
nitions, adverse asthma outcomes, including asthma attacks, emer-
gency room (ER) visits for asthma, hospital stays, and urgent
treatment for worsening asthma in the last 12 months, were classi-
fied on the basis of responses to the following questions: During
the past 3 months, how many asthma episodes or attacks have you
had?; During the past 12 months, how many times did you visit an
emergency department or urgent care center because of your
asthma?; During the past 12 months, how many different times did
you stay in any hospital overnight or longer because of your
asthma?; and 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?>**
The ACBS asked respondents about their prescription medica-
tion use during the 3 months preceding the interview. For this
study, respondents who indicated that they had taken pill or syrup
corticosteroids were classified as using oral corticosteroids.

Statistical Analysis

Analyses were performed in 2021 using SAS, Version 9.4, and
SUDAAN, Release 11.0.1, using survey procedures to account for
the complex survey design of the data. Data from 37 states and
DC collected during 2012—2017 were combined and reweighted
to increase the reliability and precision of estimates and produce
estimates representative of the population of each participating
state. Weights for analyses were established by multiplying the
survey sample weight provided for each survey participant by the
percentage of subjects in each state and survey year.” Estimates
were considered unreliable if the relative SE (i.e., SE divided by
the estimate) for the estimate was >30% or if the estimate was
based on a sample of <50 respondents.’”

Analyses were restricted to adults aged 18—64 years because
77% of the U.S. population aged >65 years were not in the labor
force in 2014, the midpoint of the study.” In addition, age is an
independent risk factor for CVD.” The demographic characteris-
tics of the study population were described using weighted fre-
quencies and proportions. Unadjusted prevalence ratios (PRs) to
assess the association of WRA and CVD were calculated using
bivariate logistic regression. Age, sex, race/ethnicity, education,
household income, smoking status, COPD, diabetes, BMI, and
oral corticosteroid use have been previously associated with WRA
or CVD and were assessed for potential confounding.***° The
Rao-Scott chi-square test was used to assess for associations

between potential confounders and CVD. Multivariable logistic
regression, using the logistic regression predicted marginal risk
ratio method, was used to calculate adjusted PRs. The multivari-
able model was adjusted for significant covariates in the model,
including age, sex, race/ethnicity, education, household income,
smoking status, COPD, diabetes, and BML. In addition, multivari-
able logistic regression was used to calculate adjusted PRs to assess
the association of CVD with adverse asthma outcomes and
asthma control by WRA status. Observations with missing data
were excluded from the multivariable logistic regression. Results
were considered statistically significant at a p<0.05.

RESULTS

During 2012—2017, a sample of 70,454 adults in 37
states and DC participated in the BRFSS ACBS. Partici-
pants with no current asthma (#=18,180) or missing
information on their asthma status (n=1,451), who were
never employed (n=942) or had missing employment
information (n=128), were aged >65 years (n=17,463)
or had missing information on their age (1n=203), or
who had missing information on their WRA status
(n=84) or CVD status (n=7) were excluded (Figure 1).
The remaining 31,996 ever-employed adults aged 18
—64 years with current asthma (representing a weighted
estimate of 14.8 million adults) were included in the
analyses.

Select characteristics of ever-employed adults aged 18
—64 years with current asthma are illustrated in Table 1.
Most of these adults were aged 18—44 years (54%),
female (64%), and non-Hispanic White (54%). Among
ever-employed adults, 9.4% (representing an estimated
1.4 million adults) had CVD, and 14.3% (representing
an estimated 2.1 million adults) had WRA. Age, sex,
race/ethnicity, education, household income, smoking
status, COPD, diabetes, BMI, and WRA status were
independently associated with CVD (Table 1).

The unadjusted PRs and 95% ClIs for the associations
between CVD and sociodemographic characteristics,
comorbidities, and WRA are presented in Table 2. After
adjusting for confounders, ever-employed adults with
current asthma were more likely to have CVD among
those aged 45—64 years (PR=2.7), with an annual house-
hold income <$15,000 (PR=2.1), with COPD (PR=1.8),
and with diabetes (PR=2.0) and those overweight
(PR=1.3) or obese (PR=1.3) and current (PR=1.3) and
former (PR=1.2) smokers than among those aged 18
—44 years, with an annual household income >$50,000,
with no COPD, with no diabetes, of normal weight, and
never smokers. Females (PR=0.7) and those of Hispanic
ethnicity (PR=0.7) were significantly less likely to have
CVD than males and those of non-Hispanic, White eth-
nicity. Adults with WRA (PR=1.5) and possible WRA
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BRFSS Patrticipants 2012-2017
n=2,809,899

Did not participate in ACBS

\ 4
ACBS Participants 2012-2017
n=70,454

h 4

Excluded: n=2,739,445

No current asthma/missing

Adults with current asthma
n=50,823

Excluded: n=19,631

Never employed/missing

v

Adults who have ever been employed
n=49,753

Excluded: n=1,070

Aged 265 years/missing

v
Adults aged 18-64 years
n=32,087

Excluded: n=17,666

Missing WRA

y
Complete information on WRA status
n=32,003

\ 4

Excluded: n=84

Missing CVD

y
Ever-employed adults with current
asthma and no missing WRA or CVD
status
n=31,996

Excluded: n=7

Figure 1. Flow diagram of participant selection, ACBS, 2012—2017.
ACBS, Asthma Call-back Survey; BRFSS, Behavioral Risk Factor Surveillance System; CVD, cardiovascular disease; WRA, work-related asthma.

(PR=1.2) were significantly more likely to have CVD
than those with non-WRA.

Bivariate and multivariate associations between CVD
and adverse asthma outcomes by WRA status are pre-
sented in Table 3. After adjusting for confounders,
among adults with WRA, those with very poorly con-
trolled asthma (PR=1.8) and an asthma-related ER visit
(PR=1.5) were more likely to have CVD. Among adults
with possible WRA and non-WRA, those with urgent
treatment for worsening asthma (PR=1.3 and PR=1.3)
and an overnight stay in the hospital because of asthma
(PR=1.4 and PR=1.9) were more likely to have CVD.

DISCUSSION

The results of this study suggest that adults with WRA
and those with very poorly controlled asthma were sig-
nificantly more likely to have CVD than those with non-
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WRA and well-controlled asthma, respectively. An esti-
mated 324,000 adults with WRA and 667,000 with possi-
ble WRA had CVD among these ever-employed adults
(aged 18—64 years) with current asthma from 37 states
and DC. Consistent with findings from previous
research, Hispanic adults were less likely to have CVD
than White, non-Hispanic adults.”” Moreover, adults
with a household income < $15,000, current and former
smokers, adults with COPD and diabetes, and those
with overweight and obese BMI were more likely to have
CVD. To the authors’ knowledge, this is the first study
specifically assessing the association between WRA and
CVD as well as the association between adverse asthma
outcomes and asthma control with CVD among adults
with WRA.

Studies have shown that 62% of adults with WRA
have poorly controlled asthma.®*® Moreover, adults
with WRA are significantly more likely to have more
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Table 1. Characteristics of Ever-Employed Adults Aged 18—64 Years With Current Asthma, by CVD Status

CVD (n=1,388,728)" No CVD (n=13,397,669)"
Characteristics Sample N Weighted N° % %" (95% Cl) %" (95% Cl) p-value®
Age, years
18-44 10,258 7,987,544 54.0 20.7 (17.2,24.1) 57.5 (56.1, 58.8) <0.0001
45—-64 21,738 6,798,853 46.0 79.3 (75.9, 82.8) 42.5(41.2,43.9)
Sex
Male 9,940 5,257,988 35.6 40.5 (37.1, 44.0) 35.0(33.7, 36.4) 0.0031
Female 22,056 9,528,409 64.4 59.5 (56.0, 62.9) 65.0 (63.6, 66.3)
Race/ethnicity
Non-Hispanic, White 20,361 8,011,282 54.2 51.4 (48.0, 54.9) 54.5 (53.1, 55.9) 0.0004
Non-Hispanic, black 2,010 1,520,175 10.3 14.2 (11.1, 17.2) 9 (9.0, 10.8)
Hispanic 1,512 1,359,277 9.2 7 (4.9, 8.6) 4 (8.4,10.5)
Other 2,017 892,397 6.0 1(5.7,10.4) 8 (5.0, 6.6)
Missing 6,096 3,003,266 20.3 19.6 (17.1, 22.0) 20.4 (19.4,21.4)
Education
<High school 10,170 5,366,463 36.3 54.4 (51.1, 57.8) 34.4 (33.0, 35.8) <0.0001
Some college 9,990 5,295,410 35.8 30.8 (27.8, 33.9) 36.3 (34.9, 37.8)
College graduate 11,804 4,114,413 27.8 14.7 (12.9, 16.6) 29 2(28.0,30.4)
Missing 32 10,111 0.1 0 (0.0, 0.02) 1(0.0,0.1)
Household income, $
<15,000 5,249 2,250,799 15.2 31.3 (27.9, 34.6) 13.6 (12.6, 14.5) <0.0001
15,000—24,999 5,039 2,243,453 15.2 21.8 (19.3, 24.3) 14.5 (13.5, 15.5)
25,000—34,999 2,553 1,201,968 8.1 4 (5.9, 8.8) 2(7.3,9.1)
35,000-49,999 3,490 1,411,956 9.5 5(6.2,8.9) 8(9.0,10.5)
>50,000 12,762 6,052,587 40.9 20.5 (17.5, 23.4) 43.1 (41.7, 44.5)
Missing 2,903 1,625,634 11.0 11.6 (9.3, 13.9) 10.9 (10.0, 11.9)
Smoking
Current 6,550 3,098,152 21.0 35.5(32.2, 38.7) 19.4 (18.3, 20.6) <0.0001
Former 8,242 3,311,871 224 29.3(26.2, 32.3) 21.7 (20.6, 22.8)
Never 17,107 8,313,410 56.2 34.4 (31.1, 37.7) 58.5 (57.1, 59.9)
Missing 97 62,964 0.4 9 (0.0,1.9) 4 (0.1, 0.6)
COPD
Yes 11,197 4,314,521 29.2 62.7 (59.3, 66.2) 25.7 (24.5, 26.9) <0.0001
No 20,769 10,458,434 70.7 37.0 (33.5,40.4) 74.2 (73.0, 75.4)
Missing 30 13,441 0.1 0.3 (0.0, 0.6) 0.1 (0.005, 0.1)
Diabetes
Yes 5,292 1,808,384 12.2 35.1(32.0, 38.3) 9.9 (9.1, 10.7) <0.0001
No 26,650 12,957,445 87.6 64.5 (61.3, 67.6) 90.0 (89.2, 90.8)
Missing 54 20,568 0.1 0.4 (0.4, 0.8) 0.1 (0.04, 0.2)
BMI
Underweight 439 225,629 1.5 2(1.4,3.2) 5(1.1,1.8) <0.0001
Normal weight 7,323 4,030,127 27.3 14.6 (12.7, 16.5) 28.6 (27.2,29.9)
Overweight 8,575 3,861,129 26.1 25.3 (22.6, 28.0) 26.2 (24.9, 27.4)
Obese 14,135 6,005,345 40.6 54 6 (51.3,57.9) 39 2(37.8,40.5)
Missing 1,524 664,165 4.5 3(2.2,4.4) 6(4.0,5.2)
Oral corticosteroid use®
Yes 966 452,809 31 3.6(2.5,4.8) 3.0(2.5, 3.5) 0.3167
No 30,960 14,304,726 96.7 96.2 (95.0, 97.3) 96.8 (96.3, 97.3)
Missing 70 28,861 0.2 0.2 (0.4, 0.3) 0.2 (0.4, 0.3)
(continued on next page)
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Table 1. Characteristics of Ever-Employed Adults Aged 18—64 Years With Current Asthma, by CVD Status (continued)
CVD (n=1,388,728)" No CVD (n=13,397,669)"
Characteristics Sample N Weighted N° % %" (95% Cl) %" (95% Cl) p-value®
WRA status
WRA 5,172 2,109,441 14.3 23.4 (20.6, 26.1) 13.3(12.4, 14.2) <0.0001
Possible WRA 13,062 5,834,329 39.5 48.0 (44.7,51.4) 38.6 (37.2,39.9)
Non-WRA 13,762 6,842,626 46.3 28.6 (25.4, 31.7) 48.1 (46.7, 49.5)
Note: Boldface indicates statistical significance (p<0.05).
COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; WRA, work-related asthma.
®Weighted to the state populations using the survey sample weights for each survey participant.
PCharacteristic associated with CVD; Rao-Scott chi-square test.
°During the 3 months before the interview.
Table 2. Associations of CVD With Sociodemographic Characteristics, Comorbidities, and WRA
CVD, Bivariate, Multivariate,
Characteristics P? (95% Cl) PR (95% CI) PR" (95% CI)
Age, years
18-44 3.6(2.9,4.3) 1.0 1.0
45—-64 16.2 (15.2, 17.2) 4.5 (3.7, 5.6) 2.7(2.14,3.4)
Sex
Male 10.7 (9.5, 11.9) 1.0 1.0
Female 8.7 (8.0,9.3) 0.8 (0.7, 0.9) 0.7 (0.6, 0.9)
Race/ethnicity
Non-Hispanic, White 8.9 (8.2,9.6) 1.0 1.0
Non-Hispanic, black 13.0 (10.1, 15.8) 1.5(1.1,1.8) 1.2 (0.9, 1.5)
Hispanic 6.9 (4.9,8.9) 0.8 (0.6, 1.0) 0.7 (0.5, 0.9)
Other 12.5 (8.8, 16.3) 1.4(1.0,1.9) 1.3(0.9,1.7)
Education
<High school 14.1 (12.7, 15.5) 2.8(2.4,3.3) 1.2 (0.9,1.5)
Some college 8.1(7.2,9.0) 1.6 (1.4,1.9) 1.0(0.8,1.2)
College graduate 5.0 (4.4, 5.6) 1.0 1.0
Household income, $
<15,000 19.3 (16.8, 21.7) 41 (3.3,5.1) 2.1(1.6,2.7)
15,000—24,999 13.5(11.9, 15.0) 2.9 (2.3,3.5) 1.5 (1.2, 2.0)
25,000—34,999 8.5 (6.7,10.3) 1.8 (1.4,2.4) 1.1 (0.8,1.4)
35,000—-49,999 7.4(6.2,8.7) 1.6 (1.2, 2.0) 1.2 (0.9,1.6)
>50,000 4.7 (3.9,5.4) 1.0 1.0
Smoking
Current 15.9 (14.2, 17.6) 2.8 (2.4,3.3) 1.3 (1.0,1.6)
Former 12.3(10.8,13.7) 21 (1.8,2.5) 1.2(1.0,1.5)
Never 5.7 (5.1, 6.4) 1.0 1.0
COPD
Yes 20.2 (18.7,21.7) 4.1 (3.6,4.8) 1.8 (1.5, 2.2)
No 4.9 (4.3,5.5) 1.0 1.0
Diabetes
Yes 27.0 (24.4, 29.6) 3.9(3.4,4.5) 2.0(1.6,2.3)
No 6.9 (6.3, 7.5) 1.0 1.0
BMI
Underweight 13.3 (7.0, 19.6) 2.6 (1.6,4.3) 1.9 (0.9, 3.7)
Normal weight 5.0(4.4,5.7) 1.0 1.0
Overweight 9.1(8.1,10.1) 1.8 (1.5, 2.2) 1.3(1.1,1.5)
Obese 12.6 (11.4, 13.9) 2.5(2.1,3.0) 1.3(1.1,1.6)

(continued on next page)

February 2023




200 Dodd et al / Am ] Prev Med 2023;64(2):194—203
Table 2. Associations of CVD With Sociodemographic Characteristics, Comorbidities, and WRA (continued)
CVD, Bivariate, Multivariate,
Characteristics P? (95% Cl) PR (95% Cl) PR" (95% ClI)
Oral corticosteroid use®
Yes 11.1 (7.5, 14.6) 1.2 (0.8, 1.6) 0.9 (0.7, 1.3)
No 9.3 (8.7,10.0) 1.0 1.0
WRA status
WRA 15.4 (13.5, 17.3) 2.7 (2.2,3.2) 1.5(1.2,1.8)
Possible WRA 11.4 (10.4, 12.5) 2.0 (1.7,2.3) 1.2 (1.0, 1.5)
Non-WRA 5.8 (5.0, 6.6) 1.0 1.0

Note: Boldface indicates statistical significance (p<0.05).

COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; P, prevalence; PR, prevalence ratio; WRA, work-related asthma.
2Weighted to the state population using the survey sample weights for each survey participant.
bAdjusted for age, sex, race/ethnicity, education, household income, smoking, COPD, diabetes, and BMI.

°During the 3 months before the interview.

frequent asthma symptoms, greater risk of asthma
attacks, and increased healthcare utilization than those
with non-WRA.>**® Consistent with findings from pre-
vious research, the results of this study suggest that
poorly controlled and more severe asthma is associated
with CVD.'*** Research has suggested that allergic
asthma is a risk factor for CVD, and inflammatory path-
ogenesis similar to both asthma and CVD, such as
increased leukotriene and eosinophil production, may
lead to atherosclerotic plaques and the development of
CVD.”' "% Conversely, other studies have found no sig-
nificant association between asthma and CVD.”*
Future research may elucidate the potential causal rela-
tionships between WRA and CVD and examine the
pathology of disease progression.

Cigarette smoking is the leading risk factor for CVD;
however, evidence suggests that certain workplace expo-
sures associated with WRA may also contribute to the
development of CVD, including welding fumes, pesti-
cides, organic solvents, and engine exhaust, which may
contribute to the development of both diseases.”””***!
In a review of 16 studies, Leachi et al. found that expo-
sure to polycyclic aromatic hydrocarbons was associated
with cardiovascular and respiratory diseases, including
asthma and COPD, among coke oven workers, asphalt
workers, and aluminum smelter workers."” Exposure to
certain hazardous materials may explain the develop-
ment of both WRA and CVD in some workers, and
workplace interventions, such as reduction or elimina-
tion of exposures, should be considered in managing
patients with both conditions.

Primary prevention of WRA, including the elimina-
tion of exposures or removal of the worker from expo-
sures, is the most effective intervention for WRA
symptoms and should be considered first in the manage-
ment of asthma.”*~** For some adults with work-exac-
erbated or irritant-induced asthma, reduction of

. : 5,7,43,4
exposure may be considered, when appropriate.”’****°

WRA is often underdiagnosed and may be challenging
to manage when it is diagnosed, resulting in delayed or
inadequate medical care.”*’ Moreover, recent research
has shown that only 15% of employed adults with
asthma discuss the possible relationship between their
asthma and exposures in the workplace with their
healthcare provider.”* Owing to the potential for signifi-
cant adverse social and financial consequences associ-
ated with job loss or job change, some adults with WRA
may choose to remain in their current position.'’ WRA
and CVD may develop or worsen among adults who
remain exposed.”””**** In clinical practice, a thorough
occupational history should be collected for all working
adults with new-onset or exacerbated asthma. Following
current expert guidance, early diagnosis of WRA and
implementation of appropriate treatment and disease
management are necessary to improve health outcomes
among working adults.”****

This study had several strengths. In the U.S., there is
currently no nationwide surveillance system for occupa-
tional lung diseases, such as WRA.” For many states,
the ACBS provides the only data source for WRA esti-
mates. An additional strength of this study is the inclu-
sion of individuals reporting possible WRA. WRA is
often under-recognized in clinical practice, therefore,
including adults with possible WRA captures individuals
that may have undiagnosed WRA.™*’

Limitations

This study was also subject to some limitations. Infor-
mation on asthma, CVD, and potential confounders was
self-reported and was not validated by medical records
or follow-up with a healthcare provider, so estimates
might be subject to misclassification. However, previous
research has found that adult asthma can be reliably esti-
mated using self-reported data compared with medical
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Table 3. Associations Between CVD and Adverse Asthma Outcomes Among Ever-Employed Adults by WRA Status

WRA Possible WRA Non-WRA
CVD, Bivariate, Multivariate, CVD Bivariate, Multivariate, CVD, Bivariate, Multivariate,

Adverse asthma outcomes pP? PR (95% Cl) PR" (95% Cl) P? PR (95% ClI) PR" (95% Cl) P? PR (95% Cl) PR" (95% ClI)
Asthma control

Well controlled 9.2 1.0 1.0 7.7 1.0 1.0 4.0 1.0 1.0

Not well controlled 11.9 1.3(0.9,1.9) 1.3 (0.9, 2.0) 11.0 1.4(1.4,1.9) 1.3(0.9,1.8) 6.8 1.7 (1.2, 2.4) 1.5(1.1, 2.0)

Very poorly controlled 24.4 2.6(1.9,3.6) 1.8(1.3,2.5) 177  2.3(1.8,2.9) 1.3(1.0,1.7) 12.2 3.1(2.3,41) 1.3(0.9, 1.9)
Adverse asthma outcomes

Asthma attack in the past 12 months

No 12.0 1.0 1.0 9.5 1.0 1.0 4.9 1.0 1.0

Yes 16.7 1.4(1.0,1.9) 1.1(0.8,1.4) 12.8 1.3(1.1,1.7) 1.1 (0.9, 1.5) 6.8 14(11,1.8) 1.3(1.0,1.7)
Urgent treatment for worsening asthma

No 12.3 1.0 1.0 9.8 1.0 1.0 5.3 1.0 1.0

Yes 19.8 1.6 (1.2,2.1) 1.2 (0.9, 1.6) 16.4 1.7 (1.4,2.0) 1.3(1.0,1.7) 8.4 1.6 (1.2, 2.0) 1.3(1.0,1.6)
Asthma-related emergency room visit

No 12.1 1.0 1.0 11.0 1.0 1.0 5.4 1.0 1.0

Yes 25.0 2.1(1.6,2.7) 1.5(1.1, 2.0) 14.1 1.3(1.0,1.6) 1.1(0.8,1.4) 8.8 1.6 (1.2,2.2) 1.2 (0.9, 1.6)
Overnight stay in hospital owing to asthma

No 14.2 1.0 1.0 10.8 1.0 1.0 5.4 1.0 1.0

Yes 31.8 2.2 (1.5,3.3) 1.3 (0.9, 2.0) 276 2.6(1.9,3.5) 1.4 (1.0,2.2) 22.7 4.2 (2.9,6.1) 1.9 (1.3,2.9)

£0T—P61:(2)F9°€T0T PN Ad4d [ WY / [v 12 ppod

Note: Boldface indicates statistical significance (p<0.05).

COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; P, prevalence; PR, prevalence ratio; WRA, work-related asthma.
®Weighted to the state population using the survey sample weights for each survey participant.

bAdjusted for age, sex, race/ethnicity, education, household income, smoking, COPD, diabetes, and BMI.
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records review.”® In addition, the use of self-reported
myocardial infarction, angina, and stroke combined as
an indicator of CVD reduced the potential for misclassi-
fication.”’ Moreover, a previous study has shown that
occupational exposures were documented by healthcare
professionals in only 7% of adult-onset asthma cases,
suggesting potential underdiagnosis of WRA in the med-
ical record.”® The data are cross-sectional, and no infor-
mation was available to determine the temporal
sequence of asthma and CVD diagnoses; therefore, cau-
sality cannot be inferred. Finally, data used in this analy-
sis were for adults living in 37 states and DC; therefore,
the results may not be representative nationally.

CONCLUSIONS

Adults with WRA and possible WRA were significantly
more likely to have CVD than those with non-WRA.
Moreover, among adults with WRA, those with very
poorly controlled asthma and an asthma-related ER visit
were significantly more likely to have CVD. Primary
prevention (including elimination or substitution of the
offending agent), early diagnosis, and implementation of
individualized WRA and CVD management (including
removal of the worker from exposure, smoking cessa-
tion, and phenotype-specific asthma treatment) are
essential for workers” health. Cardiovascular comorbid-
ities should be considered, where appropriate, when
diagnosing and recommending treatment and interven-
tions for adults with WRA. Continued surveillance is
needed to better characterize cardiovascular risk among
adults with WRA.

ACKNOWLEDGMENTS

The authors thank the Behavioral Risk Factor Surveillance Sys-
tem state coordinators for their assistance in collecting the
data used in this analysis. The authors also thank Dr. Hatice
Zahran, National Center for Environmental Health, Centers for
Disease Control and Prevention (CDC) and Dr. Taylor Shockey,
National Institute for Occupational Safety and Health, CDC for
their helpful comments.

The findings and conclusions in this report are those of the
authors and do not necessarily represent the official views of
the National Institute for Occupational Safety and Health, CDC.

No financial disclosures were reported by the authors of this
paper.

CREDIT AUTHOR STATEMENT

Katelynn E. Dodd: Conceptualization, Formal analysis, Method-
ology, Visualization, Writing — original draft. David Blackley:
Writing — review and editing. Jacek M. Mazurek: Writing —
review and editing.

Dodd et al / Am ] Prev Med 2023;64(2):194—203

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Global Initiative for Asthma (GINA). Global strategy for asthma man-
agement and prevention updated 2017. Fontana-on-Geneva Lake, WI:
Global Initiative for Asthma (GINA); 2019. https://ginasthma.org/wp-
content/uploads/2019/04/wmsGINA-2017-main-report-final_V2.pdf.

. National Asthma Education and Prevention Program. Expert Panel

Report 3 (EPR-3): guidelines for the diagnosis and management of
asthma-summary report 2007 [published correction appears in J
Allergy Clin Immunol. 2008;121(6):1330]. ] Allergy Clin Immunol.
2007;120(5):594-S138 (suppl). https://doi.org/10.1016/j.jaci.2007.09.
043.

. Most recent national asthma data. Centers for Disease Control and

Prevention; 2021. https://www.cdc.gov/asthma/most_recent_nationa-
1_asthma_data.htm.

. Nurmagambetov T, Kuwahara R, Garbe P. The economic burden of

asthma in the United States, 2008—2013. Ann Am Thorac Soc. 2018;15
(3):348-356. https://doi.org/10.1513/ AnnalsATS.201703-2590C.

. Tarlo SM, Balmes J, Balkissoon R, et al. Diagnosis and management of

work-related asthma: American College of Chest Physicians Consen-
sus Statement [published correction appears in Chest. 2008;134
(4):892]. Chest. 2008;134(3):1S-41S (suppl). https://doi.org/10.1378/
chest.08-0201.

. Blanc PD, Annesi-Maesano I, Balmes JR, et al. The occupational bur-

den of nonmalignant respiratory diseases. An official American Tho-
racic Society and European Respiratory Society statement. Am ]
Respir Crit Care Med. 2019;199(11):1312-1334. https://doi.org/
10.1164/rccm.201904-0717ST.

. Henneberger PK, Redlich CA, Callahan DB. An official American

Thoracic Society statement: work-exacerbated asthma. Am ] Respir
Crit Care Med. 2011;184(3):368-378. https://doi.org/10.1164/rccm.
812011ST.

. Knoeller GE, Mazurek JM, Moorman JE. Characteristics associated

with health care professional diagnosis of work-related asthma among
individuals who describe their asthma as being caused or made worse
by workplace exposures. | Occup Environ Med. 2012;54(4):485-490.
https://doi.org/10.1097/JOM.0b013e3182479f93.

. Dodd KE, Mazurek JM. Asthma medication use among adults with

current asthma by work-related asthma status, Asthma Call-back Sur-
vey, 29 states, 2012—2013. J Asthma. 2018;55(4):364-372. https://doi.
org/10.1080/02770903.2017.1339245.

White GE, Mazurek JM, Moorman JE. Work-related asthma and
employment status—38 states and District of Columbia, 2006—2009. |
Asthma. 2013;50(9):954-959. https://doi.org/10.3109/02770903.2013.
829491.

Vandenplas O, Toren K, Blanc PD. Health and socioeconomic impact
of work-related asthma. Eur Respir J. 2003;22(4):689-697. https://doi.
org/10.1183/09031936.03.00053203.

Vandenplas O. Socioeconomic impact of work-related asthma. Expert
Rev Pharmacoecon Outcomes Res. 2008;8(4):395-400. https://doi.org/
10.1586/14737167.8.4.395.

Knoeller GE, Mazurek JM, Moorman JE. Health-related quality of life
among adults with work-related asthma in the United States. Qual Life
Res. 2013;22(4):771-780. https://doi.org/10.1007/s11136-012-0206-7.
Tattersall MC, Guo M, Korcarz CE, et al. Asthma predicts cardiovas-
cular disease events: the multi-ethnic study of atherosclerosis. Arte-
rioscler Thromb Vasc Biol. 2015;35(6):1520-1525. https://doi.org/
10.1161/ATVBAHA.115.305452.

Hansson GK. Inflammation, atherosclerosis, and coronary artery dis-
ease. N Engl ] Med. 2005;352(16):1685-1695. https://doi.org/10.1056/
NEJMra043430.

Prosser R, Carleton B, Smith A. The comorbidity burden of the treated
asthma patient population in British Columbia. Chronic Dis Can.
2010;30(2):46-55. https://doi.org/10.24095/hpcdp.30.2.03.

Iribarren C, Tolstykh IV, Miller MK, Sobel E, Eisner MD. Adult
asthma and risk of coronary heart disease, cerebrovascular disease,

www.ajpmonline.org


https://ginasthma.org/wp-content/uploads/2019/04/wmsGINA-2017-main-report-final_V2.pdf
https://ginasthma.org/wp-content/uploads/2019/04/wmsGINA-2017-main-report-final_V2.pdf
https://doi.org/10.1016/j.jaci.2007.09.043
https://doi.org/10.1016/j.jaci.2007.09.043
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://doi.org/10.1513/AnnalsATS.201703-259OC
https://doi.org/10.1378/chest.08-0201
https://doi.org/10.1378/chest.08-0201
https://doi.org/10.1164/rccm.201904-0717ST
https://doi.org/10.1164/rccm.201904-0717ST
https://doi.org/10.1164/rccm.812011ST
https://doi.org/10.1164/rccm.812011ST
https://doi.org/10.1097/JOM.0b013e3182479f93
https://doi.org/10.1080/02770903.2017.1339245
https://doi.org/10.1080/02770903.2017.1339245
https://doi.org/10.3109/02770903.2013.829491
https://doi.org/10.3109/02770903.2013.829491
https://doi.org/10.1183/09031936.03.00053203
https://doi.org/10.1183/09031936.03.00053203
https://doi.org/10.1586/14737167.8.4.395
https://doi.org/10.1586/14737167.8.4.395
https://doi.org/10.1007/s11136-012-0206-7
https://doi.org/10.1161/ATVBAHA.115.305452
https://doi.org/10.1161/ATVBAHA.115.305452
https://doi.org/10.1056/NEJMra043430
https://doi.org/10.1056/NEJMra043430
https://doi.org/10.24095/hpcdp.30.2.03

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Dodd et al / Am ] Prev Med 2023;64(2):194—203

and heart failure: a prospective study of 2 matched cohorts. Am J Epi-
demiol. 2012;176(11):1014-1024. https://doi.org/10.1093/aje/kws181.
Pollevick ME, Xu KY, Mhango G. The relationship between asthma
and cardiovascular disease: an examination of the Framingham off-
spring study. Chest. 2021;159(4):1338-1345. https://doi.org/10.1016/j.
chest.2020.11.053.

Bang DW, Wi CI, Kim EN, et al. Asthma status and risk of incident
myocardial infarction: a population-based case-control study. J Allergy
Clin Immunol Pract. 2016;4(5):917-923. https://doi.org/10.1016/j.
jaip.2016.02.018.

Heron M. Deaths: leading causes for 2017. Natl Vital Stat Rep. 2019;68
(6):1-77. https://www.cdc.gov/nchs/data/nvsr/nvsr68/nvsr68_06-508.
pdf.

Guo J, Zhang Y, Liu T, Levy BD, Libby P, Shi GP. Allergic asthma is a
risk factor for human cardiovascular diseases. Nat CardioVasc Res.
2022;1:417-430. https://doi.org/10.1038/5s44161-022-00067-z.

Aiello RJ, Bourassa PA, Lindsey S, Weng W, Freeman A, Showell H]J.
Leukotriene B4 receptor antagonism reduces monocytic foam cells in
mice. Arterioscler Thromb Vasc Biol. 2002;22(3):443-449. https://doi.
0rg/10.1161/hq0302.105593.

Spanbroek R, Grabner R, Lotzer K, et al. Expanding expression of the
5-lipoxygenase pathway within the arterial wall during human athero-
genesis. Proc Natl Acad Sci U S A. 2003;100(3):1238-1243. https://doi.
org/10.1073/pnas.242716099.

Cepelis A, Brumpton BM, Laugsand LE, et al. Asthma, asthma control
and risk of acute myocardial infarction: HUNT study. Eur J Epidemiol.
2019;34(10):967-977. https://doi.org/10.1007/s10654-019-00562-x.
Bulka CM, Daviglus ML, Persky VW. Association of occupational expo-
sures with cardiovascular disease among U.S. Hispanics/Latinos. Heart.
2019;105(6):439-448. https://doi.org/10.1136/heartjnl-2018-313463.
Montani D, Lau EM, Descatha A, et al. Occupational exposure to
organic solvents: a risk factor for pulmonary veno-occlusive disease.
Eur Respir J. 2015;46(6):1721-1731. https://doi.org/10.1183/13993003.
00814-2015.

Baur X, Bakehe P, Vellguth H. Bronchial asthma and COPD due to
irritants in the workplace—an evidence-based approach. J Occup Med
Toxicol. 2012;7(1):19. https://doi.org/10.1186/1745-6673-7-19.
Rosenman KD, Beckett WS. Web based listing of agents associated
with new onset work-related asthma. Respir Med. 2015;109(5):625-
631. https://doi.org/10.1016/j.rmed.2015.03.004.

Behavioral risk factor surveillance system. Centers for Disease Control
and Prevention (CDC); 2020. https://www.cdc.gov/brfss/data_docu-
mentation/index.htm.

BRFSS Asthma Call-Back Survey. Centers for Disease Control and
Prevention (CDC); 2021. http://www.cdc.gov/brfss/acbs/index.htm.
Pierannunzi C, Hu SS, Balluz L. A systematic review of publications
assessing reliability and validity of the Behavioral Risk Factor Surveil-
lance System (BRFSS), 2004—2011. BMC Med Res Methodol.
2013;13:49. https://doi.org/10.1186/1471-2288-13-49.

Knoeller GE, Mazurek JM, Moorman JE. Work-related asthma, finan-
cial barriers to asthma care, and adverse asthma outcomes: Asthma
Call-Back Survey, 37 states and District of Columbia, 2006 to 2008.
Med Care. 2011;49(12):1097-1104. https://doi.org/10.1097/MLR.
0b013e31823639b9.

Centers for Disease Control and Prevention (CDC). Behavioral risk
factor surveillance system comparability of data BRFSS 2017. Atlanta,
GA: Centers for Disease Control and Prevention (CDC); 2018. https://
www.cdc.gov/brfss/annual_data/2017/pdf/compare-2017-508.pdf.
Hipple SF. People who are not in the labor force: why aren’t they work-
ing? Washington, DC: U.S. Bureau of Labor Statistics; 2015. https://
www.bls.gov/opub/btn/volume-4/people-who-are-not-in-the-labor-
force-why-arent-they-working.htm.

Rodgers JL, Jones ], Bolleddu SI, et al. Cardiovascular risks associated
with gender and aging. J Cardiovasc Dev Dis. 2019;6(2):19. https://doi.
0rg/10.3390/jcdd6020019.

February 2023

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

203

Wei L, MacDonald TM, Walker BR. Taking glucocorticoids by pre-
scription is associated with subsequent cardiovascular disease. Ann
Intern Med. 2004;141(10):764-770. https://doi.org/10.7326/0003-
4819-141-10-200411160-00007.

Dominguez K, Penman-Aguilar A, Chang MH, et al. Vital Signs: lead-
ing causes of death, prevalence of diseases and risk factors, and use of
health services among Hispanics in the United States—2009-2013 [pub-
lished correction appears in MMWR Morb Mortal Wkly Rep. 2015;64
(40):1153). MMWR Morb Mortal Wkly Rep. 2015;64(17):469-478.
Knoeller GE, Mazurek JM, Moorman JE. Asthma symptoms among
adults with work-related asthma. J Asthma. 2013;50(2):166-173.
https://doi.org/10.3109/02770903.2012.754029.

Bellia V, Pedone C, Catalano F, et al. Asthma in the elderly: mortality
rate and associated risk factors for mortality. Chest. 2007;132
(4):1175-1182. https://doi.org/10.1378/chest.06-2824.

Schanen JG, Iribarren C, Shahar E, et al. Asthma and incident cardio-
vascular disease: the Atherosclerosis Risk in Communities Study. Tho-
rax. 2005;60(8):633-638. https://doi.org/10.1136/thx.2004.026484.
Van Eeden S, Leipsic J, Paul Man SF, Sin DD. The relationship
between lung inflammation and cardiovascular disease. Am ] Respir
Crit Care Med. 2012;186(1):11-16. https://doi.org/10.1164/rccm.
201203-0455PP.

Leachi HFL, Marziale MHP, Martins JT, Aroni P, Galdino MJQ,
Ribeiro RP. Polycyclic aromatic hydrocarbons and development of
respiratory and cardiovascular diseases in workers. Rev Bras
Enferm. 2020;73(3):¢20180965. https://doi.org/10.1590/0034-7167-
2018-0965.

Vandenplas O, Dressel H, Nowak D, Jamart J. ERS Task Force on the
Management of Work-related Asthma. What is the optimal manage-
ment option for occupational asthma? Eur Respir Rev. 2012;21
(124):97-104. https://doi.org/10.1183/09059180.00004911.
Vandenplas O, Dressel H, Wilken D, et al. Management of occupa-
tional asthma: cessation or reduction of exposure? A systematic review
of available evidence. Eur Respir J. 2011;38(4):804-811. https://doi.
0rg/10.1183/09031936.00177510.

Baur X, Sigsgaard T, Aasen TB, et al. Guidelines for the management
of work-related asthma [published correction appears in Eur Respir J.
2012;39(6):1553]. Eur Respir J. 2012;39(3):529-545. https://doi.org/
10.1183/09031936.00096111.

Tarlo S. Clinical aspects of work-related asthma: past achievements, per-
sistent challenges, and emerging triggers. ] Occup Environ Med. 2014;56
(suppl 10):S40-S44. https://doi.org/10.1097/JOM.0000000000000285.
Legiest B, Nemery B. Management of work-related asthma: guidelines
and challenges. Eur Respir Rev. 2012;21(124):79-81. https://doi.org/
10.1183/09059180.00002912.

Mazurek JM, White GE, Moorman JE, Storey E. Patient-physician
communication about work-related asthma: what we do and do not
know. Ann Allergy Asthma Immunol. 2015;114(2):97-102. https://doi.
0rg/10.1016/j.anai.2014.10.022.

National Academies of Sciences Engineering, and Medicine. A Smar-
ter National Surveillance System for Occupational Safety and Health
in the 21st Century. Washington, DC: National Academies Press (U.
S.), 2018. https://doi.org/10.17226/24835.

Jenkins MA, Clarke JR, Carlin JB, et al. Validation of questionnaire
and bronchial hyperresponsiveness against respiratory physician
assessment in the diagnosis of asthma. Int J Epidemiol. 1996;25
(3):609-616. https://doi.org/10.1093/ije/25.3.609.

Barr EL, Tonkin AM, Welborn TA, Shaw JE. Validity of self-reported
cardiovascular disease events in comparison to medical record adjudi-
cation and a statewide hospital morbidity database: the AusDiab
study. Intern Med J. 2009;39(1):49-53. https://doi.org/10.1111/j.1445-
5994.2008.01864.x.

Sama SR, Hunt PR, Cirillo CI, et al. A longitudinal study of adult-
onset asthma incidence among HMO members. Environ Health.
2003;2(1):10. https://doi.org/10.1186/1476-069X-2-10.


https://doi.org/10.1093/aje/kws181
https://doi.org/10.1016/j.chest.2020.11.053
https://doi.org/10.1016/j.chest.2020.11.053
https://doi.org/10.1016/j.jaip.2016.02.018
https://doi.org/10.1016/j.jaip.2016.02.018
https://www.cdc.gov/nchs/data/nvsr/nvsr68/nvsr68_06-508.pdf
https://www.cdc.gov/nchs/data/nvsr/nvsr68/nvsr68_06-508.pdf
https://doi.org/10.1038/s44161-022-00067-z
https://doi.org/10.1161/hq0302.105593
https://doi.org/10.1161/hq0302.105593
https://doi.org/10.1073/pnas.242716099
https://doi.org/10.1073/pnas.242716099
https://doi.org/10.1007/s10654-019-00562-x
https://doi.org/10.1136/heartjnl-2018-313463
https://doi.org/10.1183/13993003.00814-2015
https://doi.org/10.1183/13993003.00814-2015
https://doi.org/10.1186/1745-6673-7-19
https://doi.org/10.1016/j.rmed.2015.03.004
https://www.cdc.gov/brfss/data_documentation/index.htm
https://www.cdc.gov/brfss/data_documentation/index.htm
http://www.cdc.gov/brfss/acbs/index.htm
https://doi.org/10.1186/1471-2288-13-49
https://doi.org/10.1097/MLR.0b013e31823639b9
https://doi.org/10.1097/MLR.0b013e31823639b9
https://www.cdc.gov/brfss/annual_data/2017/pdf/compare-2017-508.pdf
https://www.cdc.gov/brfss/annual_data/2017/pdf/compare-2017-508.pdf
https://www.bls.gov/opub/btn/volume-4/people-who-are-not-in-the-labor-force-why-arent-they-working.htm
https://www.bls.gov/opub/btn/volume-4/people-who-are-not-in-the-labor-force-why-arent-they-working.htm
https://www.bls.gov/opub/btn/volume-4/people-who-are-not-in-the-labor-force-why-arent-they-working.htm
https://doi.org/10.3390/jcdd6020019
https://doi.org/10.3390/jcdd6020019
https://doi.org/10.7326/0003-4819-141-10-200411160-00007
https://doi.org/10.7326/0003-4819-141-10-200411160-00007
http://refhub.elsevier.com/S0749-3797(22)00469-X/sbref0037
http://refhub.elsevier.com/S0749-3797(22)00469-X/sbref0037
http://refhub.elsevier.com/S0749-3797(22)00469-X/sbref0037
http://refhub.elsevier.com/S0749-3797(22)00469-X/sbref0037
http://refhub.elsevier.com/S0749-3797(22)00469-X/sbref0037
https://doi.org/10.3109/02770903.2012.754029
https://doi.org/10.1378/chest.06-2824
https://doi.org/10.1136/thx.2004.026484
https://doi.org/10.1164/rccm.201203-0455PP
https://doi.org/10.1164/rccm.201203-0455PP
https://doi.org/10.1590/0034-7167-2018-0965
https://doi.org/10.1590/0034-7167-2018-0965
https://doi.org/10.1183/09059180.00004911
https://doi.org/10.1183/09031936.00177510
https://doi.org/10.1183/09031936.00177510
https://doi.org/10.1183/09031936.00096111
https://doi.org/10.1183/09031936.00096111
https://doi.org/10.1097/JOM.0000000000000285
https://doi.org/10.1183/09059180.00002912
https://doi.org/10.1183/09059180.00002912
https://doi.org/10.1016/j.anai.2014.10.022
https://doi.org/10.1016/j.anai.2014.10.022
https://doi.org/10.17226/24835
https://doi.org/10.1093/ije/25.3.609
https://doi.org/10.1111/j.1445-5994.2008.01864.x
https://doi.org/10.1111/j.1445-5994.2008.01864.x
https://doi.org/10.1186/1476-069X-2-10

	Cardiovascular Disease Among Adults With Work-Related Asthma, 2012-2017
	INTRODUCTION
	METHODS
	Study Sample
	Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	ACKNOWLEDGMENTS
	CRediT AUTHOR STATEMENT

	REFERENCES


