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Key messages

What is already known about this subject?
 ► People in certain occupations have a relatively 
high prevalence of asthma.

 ► However, there is limited nationally 
representative information about this risk in the 
USA, limited information about the incidence of 
work- related asthma generally or in population 
subgroups, and a lack of studies with extended 
follow- up.

What are the new findings?
 ► In results from up to 48 years of follow- up, 
people in high- risk occupations were more 
than four times as likely to report an asthma 
diagnosis than people in low- risk occupations, 
more than twice as likely to report being newly 
diagnosed, and 60% more likely to report an 
asthma diagnosis during working life (ages 
18–65).

 ► Work exposures to asthma triggers may cause 
or aggravate about 11% of all adult asthma in 
the USA.

 ► Results suggested that about 1.8 million 
Americans had asthma that was attributable to 
occupational exposures.

How might this impact on policy or clinical 
practice in the foreseeable future?

 ► The results point to the importance of 
healthcare professionals asking patients about 
their occupational exposures, of public health 
education about workplace exposures, and of 
employers’ actions to reduce those exposures, 
monitor workers for the development of asthma 
and limit exposures for those with asthma 
symptoms.

AbsTrACT
Objective We studied the associations of working in 
occupations with high asthma trigger exposures with 
the prevalence and incidence of asthma, and with ever 
reporting an asthma diagnosis throughout working life.
Methods We used the nationally representative Panel 
study of income Dynamics (1968–2015; n=13 957; 
205 498 person- years), with annual reports of 
occupation and asthma diagnoses across 48 years. We 
compared asthma outcomes in occupations likely to have 
asthma trigger exposures with those in occupations with 
limited trigger exposures. We estimated the prevalence 
ratios and the incidence risk ratios using log- binomial 
regression adjusted for age, sex, race/ethnicity, 
education, and current and past atopy and smoking, 
and accounting for the survey design and sampling 
weights. We calculated the attributable risk fractions 
and population attributable risks, and used multinomial 
logistic Markov models and microsimulation to estimate 
the percentage of people ever diagnosed with asthma 
during working life.
results The adjusted prevalence ratio comparing 
high- risk occupations with low- risk was 4.1 (95% ci 3.5 
to 4.8); the adjusted risk ratio was 2.6 (ci 1.8 to 3.9). 
The attributable risk was 16.7% (ci 8.5 to 23.6); the 
population attributable risk was 11.3% (ci 5.0 to 17.2). 
in microsimulations, 14.9% (ci 13.4 to 16.3) with low 
trigger exposure risk reported asthma at least once, ages 
18–65, compared with 23.9% (ci 22.3 to 26.0) with 
high exposure risk.
Conclusion adults were more than twice as likely 
to report a new asthma diagnosis if their occupation 
involved asthma triggers. Work exposures to asthma 
triggers may cause or aggravate about 11% of all adult 
asthma and increase the risk of work- life asthma by 
60%.

InTrOduCTIOn
About 7.7% of adults in the USA have asthma,1 
costing more than $82 billion annually.2 Researchers 
using data from 22 states in 2012 estimated that 
about 15.7% of asthma were caused or exacerbated 
by workplace asthma triggers (work- related asthma, 
WRA).3 The percentages of adult asthma that were 
work- related varied among states, ranging from 
9.0% to 23.1%.3 Other researchers who reviewed 
the evidence in 2008 concluded that 10%–15% 
of adult asthma were attributable to occupational 
factors (occupational asthma), and that as much as 
25% were WRA.4 Asthma triggers in the workplace 
include anhydrides, animal products, cereals, chlo-
ramine, dusts, dyes, enzymes, fluxes, formaldehyde, 

gums, latex, metals, pharmaceuticals and seafood. 
Certain occupations with exposures to such trig-
gers have high asthma risks. Examples include 
agriculture,5 cleaning,5–7 entertainment,5 8–10 
healthcare,8 10 manufacturing, construction and 
wood- working,5 9 and protective services.5 WRA 
may be declining generally,9 11 but it is increasing in 
some occupations such as those with cleaning agent 
exposures.6

About 8.9% of women and 5% of men in the USA 
have asthma.12 Women also have more WRA than 
men,3 7–9 12 although this may reflect different occu-
pations. For example, women in healthcare occu-
pations have elevated asthma risk,13–15 and women 
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considerably outnumber men in healthcare. Among employed 
people, non- Hispanic African–Americans may have more asthma 
than non- Hispanic whites (hereafter white), although not neces-
sarily WRA. Evidence of racial/ethnic variation in WRA is 
limited and mixed, and may be confounded by differences in 
occupational choice.3 8

Many WRA studies are limited to cross- sectional data,7 prev-
alence estimates,8 single occupations or selected occupation 
groups,10 small geographical areas,9 or countries with universal 
healthcare or well- established population registries, such as 
the UK.6 The studies reporting asthma incidence are typically 
limited to a single occupational group,16 have few participants 
in occupational groups,17 or use surveillance data that can be 
biased by reporting and data quality limitations, such as relying 
on voluntary reports from physicians or depending on individ-
uals’ healthcare access and use.18 19 In the USA several multistate 
asthma prevalence studies used data from the Behavioral Risk 
Factor Surveillance System (BRFSS) Asthma Call- back Survey 
(ACBS), with response rates typically 40%–50% and with 
12- month follow- up.3 8 20 The few WRA incidence studies typi-
cally have limited generalisability, such as a study of Norwegian 
smelters16 or studies of workers’ compensation claims.9 11

We studied the association of working in occupations with 
relatively high risks of asthma trigger exposures with the 
prevalence, incidence and total work- life rates of WRA using 
nationally representative data with up to 48 years of follow- up, 
measuring occupation and physician- diagnosed asthma through 
age 65. We hypothesised that people in occupations with rela-
tively high asthma trigger exposures (hereafter ‘high- risk occu-
pations’) would be more likely to have asthma than people in 
low- risk occupations. Our second hypothesis was that among 
people without asthma in a given year, those in high- risk occupa-
tions would be more likely than people in low- risk occupations 
to develop asthma. Third, we hypothesised that minorities and 
women would have more WRA than whites and men.

MeTHOds
data source and study sample
We used data from the Panel Study of Income Dynamics (PSID). 
The PSID originated with 30 000 families in the 1966–1967 
national Survey of Economic Opportunity (SEO), conducted by 
the US Office of Economic Opportunity. Included household 
heads were younger than 60 years old and with income less 
than twice the poverty level. The original PSID, about 18 000 
people in 5000 households, was sampled from the SEO, with an 
additional national sample, together representing all ages and 
all income groups. The PSID interviewed participants annually 
from 1968 through 1997, then every 2 years. We used data from 
1968 through 2015. The PSID maintains national representa-
tiveness by following children, ex- spouses and other adults of 
sampled households who form new households, and by adding 
additional samples as the population changes, such as Latinos 
in 1990 and immigrants in 1997.21 22 The survey was inperson 
through 1975, then by telephone; inperson survey continued 
for households without telephones. Response rates were 76% 
and 88.5% in 1968 and 1969, respectively, and 96%–98% since 
then; item- specific non- response is less than 1%.22 23 Modest 
attrition has not biased national estimates, including health 
measures.21 Participants reside in all 50 states.

As is common in population surveys, one person in each house-
hold, the ‘reference person’, provided asthma information for 
other family members. Although households may include other 
adults, the sample of reference persons and spouses/partners is 

weighted to represent the civilian adult population not living in 
institutions. Sampling weights account for selection probabilities 
and non- response, adjusted for age, sex, race/ethnicity, immi-
grant status, family income, region, urbanicity (metropolitan 
statistical area), education and employment status. The data are 
nationally representative except for Hispanic immigrants, who 
are under- represented.23

The inclusion criteria were age 18–65 at any time between 
1968 and 2015; current and life history data on asthma provided 
at least once, 1999–2015; occupation information provided at 
least twice, 1968–2015; non- missing data for all study covari-
ates; and a positive PSID sampling weight. The analytic sample 
included 13 957 participants.

dependent variable: measuring asthma
Every other year beginning in 1999, the PSID asked the 
following: if a doctor or other health professionals had ever 
diagnosed asthma and age of diagnosis; about asthma at each 
age from birth through 17; about the timing of diagnoses after 
age 17; and whether the participants ‘still have it’ or when 
it ended. We used these data to create a lifetime age- specific 
asthma history for each participant. The retrospective asthma 
record for all ages throughout life identified asthma incidence 
(new cases) and prevalence (new and existing cases) at each 
age.

Identifying occupational status: exposure and reference 
groups
With PSID occupation information collected in all waves, we 
constructed work- life occupational status records. The PSID 
measured occupation with codes from the Bureau of Census, 
using three- digit codes from the 1970 Census through 2001, 
then three- digit codes from the 2000 Census.

The exposure group reported occupations found to have high 
WRA risks in the studies cited above. We confirmed those risks 
for each occupational category using PSID data, estimating prev-
alence ratios and incidence risk ratios. High- risk occupations 
included occupations with animal or feather exposures; bull-
dozer operators; carpenters; cleaners and janitors; cooks and 
bartenders; entertainers and artists; metal filers, polishers and 
sanders; garden and farm workers; hair- stylists and nail salon 
workers; health aides and practical nurses; asbestos and insula-
tion workers; mechanics and machinists; protective services; and 
welders (codes in online supplementary table 1). We also exam-
ined other high- risk occupations in previous research: millers 
(2000 Census code 501); miners (684); stone cutters, carvers 
and sanders (620 694 865 875 892 963); sheet metal workers 
and tinsmiths (820); and textile workers (835). Finding no asso-
ciations with asthma, we excluded those occupations from the 
high- risk category.

The reference group had low asthma trigger exposure risk 
(2000 Census codes in parentheses): inspectors, examiners, 
buyers, clerks, agents, directors, managers and supervisors 
(001–016, 023–056); underwriters, analysts, auditors and 
organisation officers (086–153); academic and related profes-
sionals (180–186); editors and writers (280–296); and other 
managers and clerical workers (500–593). Corresponding 1970 
Census codes were 001–056, 086–096, 201–210 and 212–245. 
For the incidence analysis we used the principal reported occu-
pation in each survey wave. For prevalence we used the occu-
pation reported most often in the current and two preceding 
years.
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Table 1 Characteristics of the sample*

Participants meeting the inclusion criteria, n 13 957

Years of follow- up, mean (SD) 14.7 (11.7)

Person- years represented in the analysis 205 498

Participants reporting any year in an asthma trigger occupation, 
n (%)

5906 (42.3)

Years in asthma trigger occupations, all participants, mean (SD) 2.3 (4.9)

Years in asthma trigger occupations, participants with ≥1 year, 
mean (SD)

6.1 (6.4)

Ever reported an asthma diagnosis, ages 18–65, % (SD) 16.9 (24.4)

*Data source: Panel Study of Income Dynamics, 1968–2015.

Table 2 Descriptive results: variables used in the analysis*

unweighted
(sd)†

Weighted
(95% CI)

Age, first analytic observation, mean 30.8 (10.7) 31.8 (31.5 to 32.1)

Age, last analytic observation, mean 45.4 (13.6) 45.5 (45.1 to 45.8)

Female, % 53.4 49.1 (47.1 to 51.2)

Race or ethnicity, %

  African–American or black 32.0 10.5 (8.0 to 12.9)

  Hispanic 6.1 4.8 (3.5 to 6.1)

  Non- Hispanic white 58.7 80.9 (77.5 to 84.3)

  Other race or ethnicity 3.2 3.8 (2.6 to 5.0)

Educational attainment, mean years 13.6 (2.6) 13.8 (13.7 to 13.9)

Smoking status, %

  Current smoker 17.3 13.1 (9.4 to 16.7)

  Past smoker 31.9 32.1 (26.7 to 37.4)

  Never smoker 57.8 60.2 (54.9 to 65.5)

Atopy, %

  Childhood (ages 0 through 18) 5.5 4.9 (4.0 to 5.8)

  Adult 3.0 2.9 (1.5 to 4.3)

*Data source: Panel Study of Income Dynamics, 1968–2015; weighted results 
account for the survey design.
†SD shown for continuous variables.

Other measures
The analytic data included a fixed variable indicating childhood 
atopy and a time- varying variable with atopy values for each year. 
We also used time- varying values for age, education, and current 
and past smoking. Variables indicated sex and whether obser-
vations represented non- Hispanic African–Americans (hereafter 
African–Americans), Hispanics, whites or other races/ethnicities.

Analytic approach
We estimated unadjusted and adjusted prevalence ratios and 
incidence risk ratios directly using log- binomial regression,24 
accounting for the other measures just described, and for the 
survey design and sampling weights. For models that did not 
converge, we used Poisson analysis with robust variance, which 
provides similar results. We calculated the attributable risk 
fraction and the population attributable risk using indirect age 
standardisation with 5- year age intervals. The attributable risk 
fraction is the percentage of asthma that is caused or exacerbated 
by high- risk exposures among people with those exposures.25 
Population attributable risk is the percentage of all asthma diag-
noses in the USA that are caused or exacerbated by occupational 
exposures.

We also estimated the association of occupation with partic-
ipants’ reports of ever being diagnosed with asthma. Such esti-
mates are typically higher than those for current asthma. For 
example, a Massachusetts study found a 13% ever- diagnosed rate 
(11.1% for men, 14.6% for women).26 Although such estimates 
are sometimes called ‘lifetime’ asthma,27 many people reporting 
ever- diagnosed asthma have not completed their work lives, so 
reports underestimate work- life asthma. Estimating work- life 
asthma required a completed work- life cohort, one in which all 
cohort members lived through age 65. We simulated the cohort 
using the PSID data with a well- established multinomial logistic 
Markov chain regression model, estimated by maximum likeli-
hood, and dynamic microsimulation.28–31 The model accommo-
dates missing data and unmeasured asthma status transitions.28–31 
We estimated asthma onset and recovery probabilities for each 
age, as well as the probabilities for remaining asthma- free or 
continuing with asthma, adjusted for sex, race/ethnicity, educa-
tion, atopy and smoking. We used the probabilities to simulate 
populations of 100 000 individuals, each with a known annual 
asthma status, ages 18–65. Bootstrapping provided CIs, calcu-
lated from the variation in results of 1000 simulated popula-
tions, each created with a random draw from the Markov model 
parameters.28–30 We analysed the data using SAS V.9.4.

resulTs
sample characteristics
Table 1 shows the sample characteristics. There were 13 957 
participants, averaging 14.7 years of follow- up (SD 11.7), 

205 498 person- years, during which 42.3% reported working 
in a high- risk occupation at least once. Among those who ever 
worked in a high- risk occupation, the average number of years 
of exposure was 6.1 (SD 6.4).

Table 2 shows the unweighted and weighted descriptive 
results. The mean weighted baseline age was 31.8 years (95% CI 
31.5 to 32.1). The PSID oversampled people with low income, 
which included African–Americans (32.0% unweighted, 10.5% 
weighted).

WrA risks
In results not shown in the table, at ages 25–34 the unadjusted 
rate of ever having asthma was 10.5% (CI 6.3 to 14.7) in low- 
risk occupations and 21.2% (CI 7.2 to 35.2) in high- risk occu-
pations. The average annual unadjusted incidence of asthma was 
2.9/1000 (CI 2.0 to 3.7); the corresponding results were 2.1 (CI 
1.3 to 2.8) in low- risk occupations and 6.2 (CI 2.7 to 9.8) in 
high- risk occupations.

The first column of table 3 shows the number of participants 
who ever reported working in each occupation (unweighted). 
For example, the relatively large number who ever reported 
working as cleaners or janitors (n=4141) reflects the PSID’s 
oversample of households with low income and the nearly five 
decades of follow- up. Table 3 also shows the results for prev-
alent and incident asthma. For example, cleaners or janitors 
had significantly higher risk of prevalent asthma than people in 
low- risk occupations (adjusted prevalence ratio 4.6, CI 1.8 to 
11.6) and also higher risk of developing asthma in a given year 
(adjusted risk ratio 3.9, CI 1.0 to 15.5).

The summary measure shown in table 3 reports the results for 
people in any high- risk occupation. Asthma was more common 
in high- risk occupations than in low- risk occupations (adjusted 
prevalence ratio 4.1, CI 3.5 to 4.8). Working in a high- risk occu-
pation increased the adjusted risk of developing asthma by more 
than twofold (risk ratio 2.6, CI 1.8 to 3.9).

Table 4 shows the prevalence and risk ratios comparing low- 
risk and high- risk occupations for specific populations. High- 
risk occupations were associated with substantially more asthma 
in all groups. For example, among women the risk of developing 
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Table 3 Asthma prevalence and incidence associated with workplace exposure to asthma triggers, USA*

Prevalence ratio (95% CI) Incident risk ratio (95% CI)

unadjusted Adjusted unadjusted Adjusted

Summary indicator 4.9 (3.1 to 7.8) 4.1 (3.5 to 4.8) 2.9 (2.0 to 4.2) 2.6 (1.8 to 3.9)

Occupation groups (n)†

  Animal/feather exposures (1151) 14.9 (6.5 to 34.0) 14.9 (6.5 to 34.0) 1.4 (0.6 to 3.5) 1.8 (0.4 to 9.4)

  Bulldozer operators (535) 12.5 (5.4 to 28.8) 3.1 (1.7 to 5.6) 0.7 (0.2 to 2.6) 10.8 (2.2 to 52.8)

  Carpenters (970) 2.2 (0.7 to 6.8) 1.9 (0.6 to 6.1) 1.9 (0.6 to 5.6) 7.6 (1.8 to 33.0)

  Cleaners and janitors (4141) 4.9 (1.6 to 14.9) 4.6 (1.8 to 11.6)‡ 1.3 (0.7 to 2.5) 3.9 (1.0 to 15.5)

  Cooks and bartenders (3039) 4.6 (0.8 to 27.5) 5.1 (0.7 to 39.0) 1.5 (0.8 to 2.8) 1.7 (0.3 to 10.4)

  Entertainers and artists (660) 2.3 (0.3 to 16.6)‡ 3.1 (1.4 to 6.9)‡ 1.2 (0.4 to 3.6) 1.2 (0.4 to 3.6)

  Filers, polishers and sanders (848) 10.8 (5.0 to 23.1) 4.0 (2.0 to 8.0)§ 1.7 (0.7 to 4.2) 3.0 (0.4 to 19.7)

  Garden and farm workers (1758) 3.8 (0.6 to 24.5) 3.4 (0.5 to 23.2) 2.5 (0.8 to 7.9) 2.3 (0.6 to 9.0)

  Hair- stylists and nail salon (638) 3.4 (0.7 to 16.7) 4.4 (1.0 to 18.6)‡§ 0.9 (0.1 to 6.3) 0.8 (0.8 to 0.9)§

  Health aides and LPNs (2485) 1.4 (0.7 to 2.8) 7.4 (3.1 to 17.3)§ 1.6 (0.9 to 2.7) 3.6 (1.4 to 9.2)

  Insulation and asbestos (941) 15.4 (7.0 to 34.0)‡ 14.2 (8.6 to 23.4)‡ 0.8 (0.2 to 2.5) 1.5 (1.0 to 2.4)

  Mechanics and machinists (311) 1.7 (0.6 to 5.1)‡ 1.8 (0.7 to 4.7) 1.4 (0.7 to 2.8) 2.4 (1.0 to 5.6)

  Protective services (1050) 3.3 (1.1 to 10.3) 2.4 (1.1 to 5.2)§ 3.7 (1.3 to 10.7) 2.3 (0.5 to 11.0)

  Welders and flame cutters (501) 1.9 (0.4 to 9.4)‡ 1.7 (0.4 to 8.4)§ 0.6 (0.1 to 3.9) 0.2 (0.0 to 1.6)

*Data source: Panel Study of Income Dynamics, 1968–2015; n=13 957; except as noted, results of log- binomial regression, adjusted for age, sex, race/ethnicity, education, atopy 
(childhood and current), current and past smoking status, survey design, and sampling weights.
†n is the number of participants ever reporting a given occupation (unweighted).
‡To obtain convergence, estimated with Poisson analysis with robust variance.
§Current atopy excluded to obtain convergence.
LPNs, licensed practical nurses.

Table 4 Prevalence ratios and incidence risk ratios for work- related asthma, comparing employment in occupations with high- risk asthma trigger 
exposures with employment in occupations with low- risk trigger exposures, with attributable risk and population attributable risk*

Prevalence ratio risk ratio Attributable risk (%)
Population 
attributable risk (%)

Women 8.1 (6.1 to 10.7) 4.1 (2.4 to 7.0) 25.7 (17.7 to 32.3) 17.6 (10.8 to 23.9)

Men 6.1 (4.2 to 8.8) 2.4 (1.5 to 3.7) 9.7 (0.0 to 18.3) 7.0 (0.0 to 14.4)

African–American 8.5 (4.7 to 15.6) 2.2 (1.1 to 4.2) 23.3 (7.1 to 34.7) 17.2 (3.4 to 29.0)

Hispanic 8.2 (1.5 to 44.9) 6.8 (2.1 to 22.1) 33.7 (11.3 to 47.1) 23.8 (4.4 to 39.3)

White 5.3 (3.1 to 9.1) 2.6 (1.5 to 4.4) 15.3 (0.0 to 27.8) 10.1 (0.0 to 20.8)

*Data source: Panel Study of Income Dynamics, 1968–2015, weighted for national representation and accounting for the survey design; parentheses indicate lower and upper 
bounds of the 95% CI; results of log- binomial regression accounting for age, sex, race/ethnicity, education, current and past atopy and smoking, survey design, and sampling 
weights.

asthma was more than four times greater in high- risk occupa-
tions than in low- risk occupations (risk ratio 4.1, CI 2.4 to 7.0); 
the comparable result for men showed a risk ratio of 2.4 (CI 
1.5 to 3.7). Other comparisons were generally consistent with 
greater WRA risks for women and minorities than for men and 
whites.

Table 4 also shows the attributable risk fraction calculated 
with the summary indicator. Not shown is the attributable risk 
fraction for the entire population, which indicated that 16.7% 
(CI 8.5 to 23.6) of asthma in high- risk occupations were caused 
or exacerbated by occupational exposures. The corresponding 
population attributable risk indicated that 11.3% (CI 5.0 to 
17.2) of all adult asthma were caused or exacerbated by expo-
sures in high- risk occupations. The results suggest that women 
may have more WRA than men, and that African–Americans and 
Hispanics may have more WRA than whites. The attributable 
risk for women was 25.7% (CI 17.7 to 32.3), compared with 
9.7% for men (CI <0.1 to 18.3). Hispanics were particularly 
likely to have asthma that was attributable to work in a high- risk 
occupation, with a population attributable risk of 23.8% (CI 4.4 
to 39.3).

High-risk occupations and work-life asthma
Table 5 shows the total work- life microsimulation results. All 
results show more ever- reported asthma in high- risk occupations 
than in low- risk occupations. For example, 23.9% (CI 22.3 to 
26.0) of people in high- risk occupations reported an asthma 
diagnosis at least once during working life, compared with 
14.9% (CI 13.4 to 16.3) in low- risk occupations. Thus, working 
in a high- risk occupation increased ever- reported asthma by 
60%. More than one- third (36.2%, CI 30.4 to 39.9) of women 
in high- risk occupations reported an asthma diagnosis at some 
time during working life, as did a quarter of African–Americans 
(25.0%, CI 22.7 to 26.7) and 28.5% of Hispanics (CI 24.9 to 
31.8). The result for women is particularly notable given the 
corresponding rate for men: 11.5% (CI 10.3 to 12.7). These 
results suggest that women may experience a substantially high 
rate of WRA, although the result may be due to different occu-
pations of women and men.

dIsCussIOn
We studied the association of occupational asthma trigger expo-
sures with WRA using nationally representative data with up to 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
ed-2019-106121 on 13 M

ay 2020. D
ow

nloaded from
 

http://oem.bmj.com/


621Laditka JN, et al. Occup Environ Med 2020;77:617–622. doi:10.1136/oemed-2019-106121

Workplace

Table 5 Percentage of individuals who ever reported an asthma 
diagnosis in the USA, ages 18–65, by workplace exposure to asthma 
triggers*

Occupational risk of asthma trigger exposure

low High

All persons 14.9 (13.4–16.3) 23.9 (22.3–26.0)

Women 26.0 (23.9–29.2) 36.2 (30.4–39.9)

Men 7.9 (6.9–8.7) 11.5 (10.3–12.7)

African–American 15.9 (14.3–17.9) 25.0 (22.7–26.7)

Hispanic 18.4 (16.3–20.9) 28.5 (24.9–31.8)

White 14.1 (13.0–15.0) 22.2 (20.0–23.9)

*Data source: Panel Study of Income Dynamics, 1968–2015; results from a 
completed cohort (all individuals followed from age 18 through age 65), from 
dynamic microsimulation.

48 years of follow- up. The results suggested that working in a 
high- risk occupation is common; 42.3% of participants reported 
doing so at least once. The duration of their exposures was 
notable, averaging about 6 years. Although some WRA can occur 
following extended exposures during latency periods lasting over 
20 years, typically the WRA latent period with ongoing exposure 
is less than 2 years or slightly longer.4 Thus, many participants 
worked in high- risk occupations long enough to substantially 
increase their risk for WRA.

Consistent with our first hypothesis and previous esti-
mates,5 9 20 27 people in high- risk occupations were more than 
four times as likely to report asthma diagnoses than people in 
low- risk occupations. Consistent with our second hypothesis, 
people in high- risk occupations were greater than two times 
more likely to have a new asthma diagnosis than those in low- 
risk occupations. The results for individual occupational groups 
were generally consistent with that result, although there was 
considerable variation among the groups. In most instances the 
incidence risk ratios for specific occupational groups were not 
statistically significant at conventional levels, possibly due to a 
limited number of new asthma diagnoses in specific groups.

The unadjusted annual incidence of WRA was 2.9/1000. A 
previous asthma study in the USA, not limited to WRA, found 
an incidence of 3.8/1000 for adults in 2006–2008 (4.9/1000 for 
women vs 2.8/1000 for men).32 Studies of WRA incidence based 
on specialised samples16 or workers’ compensation claims9 11 
found similar results.

We also found that WRA may account for about 11.3% of all 
adult asthma, based on the population attributable risk.25 This 
standard epidemiological measure indicates the proportion of 
asthma in the population that is caused or exacerbated by occu-
pational exposures. It therefore suggests the potential opportu-
nity for reducing asthma through workplace interventions.4 The 
Centers for Disease Control and Prevention estimates that 7.7% 
of adults in the USA had asthma in 2018, or about 15.6 million 
people.1 33 Applying the population attributable risk to this esti-
mate suggests that about 1.8 million Americans had asthma that 
was caused or exacerbated by occupational exposures. However, 
if other exposures increase asthma risks in the home or the envi-
ronment, and if such exposures are correlated with occupational 
choice, then the attributable risk may be overestimated. Similar 
reasoning applies to the population attributable risk. Our work 
life results showed significantly more ever- reported asthma in 
high- risk occupations (23.9%) than in low- risk occupations 
(14.9%). In high- risk occupations, 16.7% of asthma diagnoses 
were attributable to occupational exposures, consistent with the 
combined 16.3% result of longitudinal studies,34 and another 

estimate of 18.2% that included ‘potential’ occupational asthma 
along with confirmed cases.20

Our third hypothesis was that high- risk occupations would 
increase asthma risks of women more than those of men,7–9 
and the risks of African–Americans and Hispanics more than 
those of whites. More than one- third of women in high- risk 
occupations reported an asthma diagnosis during working life, 
compared with about 11% of men. A quarter of African–Ameri-
cans did so, 28.5% of Hispanics and 22% of whites. The popu-
lation attributable risks and the attributable risk percentages 
were also considerably greater for women and minorities than 
for men and whites. The observed differences between women 
and men, and also those associated with race/ethnicity, may 
have been confounded by occupation. This could occur if the 
high- risk occupations of women or minorities had higher risks 
than the high- risk occupations of men or non- minorities, or if 
women or minorities more commonly had high- risk occupations 
or remained in those occupations for longer periods. Bureau of 
Labor Statistics 2019 data35 show that 92% of hair- stylists are 
women, 89% of health aides, 89% of housekeeping cleaners, 
91% of practical nurses, 75% of non- farm animal caretakers and 
86% of nail salon workers. Although men are more common in 
several other high- risk occupations, the results for women may 
be due in part to their high representation in these groups. The 
results for individual occupation groups did not suggest a clear 
pattern of extra risk in occupations that are more common for 
women (table 3). However, the individual high- risk occupations 
most common for women were among those with the largest 
samples, such as cleaners, health aides and practical nurses. 
This distribution of risk may have affected the results if women 
contributed disproportionately to the summary risk indicator.

The greater prevalence of asthma in high- risk occupations 
than in low- risk occupations was an expected outcome, given 
that high- risk and low- risk occupations were chosen based on 
evidence of asthma risk. What was not known prior to this study 
was the size of the extra asthma risks linked with occupations, 
whether differences between high- risk and low- risk occupa-
tions might be significant and meaningful when adjusted for 
confounders, the incidence of WRA, the association of high- risk 
occupations with total work- life ever- reported asthma, and the 
magnitude of asthma disparities affecting women and minorities.

limitations and strengths
Recall bias may affect reports of asthma diagnoses. However, a 
study of the PSID illness histories concluded that they are gener-
ally valid.36 The onset age, duration or severity of childhood 
asthma may be associated with educational attainment, which 
may contribute to the range of occupations available to an indi-
vidual as well as occupational choice. Asthma- related symptoms 
and sensitivities may also influence occupational choice indepen-
dent of educational attainment. Thus, the results may be affected 
by childhood asthma selection effects.

We defined exposures by the participant’s principal occupa-
tion. Americans increasingly work in multiple occupations at 
any given time. It would be useful to examine the impact of this 
phenomenon on WRA. Geographical confounders such as urban 
residence, air quality, housing characteristics and asthma triggers 
outside the workplace may have also contributed to the results.

Our analysis had several strengths. The PSID asked about 
asthma with questions and procedures that were similar to 
those of other national health surveys. However, few nationally 
representative data sets currently include information needed to 
estimate asthma incidence.32 PSID response rates and follow- up 
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Workplace

greatly exceed those of the BRFSS ACBS,23 limiting selection 
bias and increasing analytic power. Microsimulation allowed 
us to estimate ever- reported asthma for the entire typical adult 
working life. No previous study has provided such estimates.

The study spanned nearly five decades. Risks of asthma 
between and within occupations may have changed over time, 
affecting comparability with other studies. However, the long 
follow- up period was a study strength. It enabled us to calcu-
late WRA incidence, which is rarely reported, particularly using 
nationally representative data.

COnClusIOns And IMPlICATIOns
Occupations with high asthma trigger exposures were associated 
with more than double the risk of developing or exacerbating 
asthma, compared with working in a low- risk occupation. Work 
exposures to asthma triggers may cause or exacerbate about 11% 
of all adult asthma and about 17% of asthma among people in 
occupations with those exposures, and increase the risk of ever 
reporting asthma throughout working life by 60%. More than 
one- third of women in high- risk occupations reported asthma 
during working life. The results point to the importance of clini-
cians asking patients about occupational exposures, of public 
health education about workplace exposures and of employers’ 
actions to control asthma.

Twitter sarah B laditka @sarahladitka
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