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ARTICLE INFO ABSTRACT

Keywords: Background: Previous studies have suggested an association of asthma onset and exacerbation with cleaning and
Asthma disinfecting activities in a number of industries, including healthcare. The objective of the current study was to
Healthcare investigate the association of asthma and related outcomes with occupations and tasks in urban healthcare
Occupation workers in the United States.

g:l;;a;ks Methods: A questionnaire was implemented in a sample of workers from nine healthcare occupations in New
Disinfecting York City. We used regression models to examine the association of post-hire asthma, current asthma, exacer-

bation of asthma, a symptom algorithm for bronchial hyper-responsiveness (BHR-related symptoms), a
symptom-based asthma score, and the symptom wheeze with occupation and four healthcare tasks, while ad-
justing for other risk factors and potential confounders.

Results: A total of 2030 participants completed the questionnaire. The task of cleaning fixed surfaces was sig-
nificantly associated with most outcome variables, including current asthma (odds ratio (OR) = 1.84, 95%
confidence interval (CI) 1.26-2.68), moderate exacerbation (OR = 3.10, 95% CI 1.25-7.67), and BHR-related
symptoms (OR = 1.38, 95% CI 1.08-1.77). In comparison to nursing assistants, the occupations environmental
service workers and registered nurses were at higher risk for current asthma, and licensed practical nurses were
at higher risk for moderate exacerbation. Other tasks associated with outcomes were administering aerosolized
medications with current asthma and moderate exacerbation, and sterilizing medical equipment with BHR-
related symptoms.

Conclusions: These findings add to the growing body of evidence for the association of asthma with cleaning and
other activities in healthcare. Further research is especially needed to investigate the association of asthma-
related outcomes with exposure metrics based on tasks, products, and chemical exposures in healthcare.

1. Introduction

Asthma is a common respiratory disease, with approximately 7.7%
of adults in the United States (U.S.) having current asthma (Moorman
et al., 2012). Work-related asthma (WRA) subsumes two categories of
disease: occupational asthma (OA) that is caused by work, and work-
exacerbated asthma (WEA) that is worsening of existing asthma due to
workplace conditions (Henneberger et al., 2011). Occupation accounts
for an estimated 16.9% of new cases (Torén and Blanc, 2009), and WEA
has a prevalence of approximately 21.5% among adult asthma cases
(Henneberger et al., 2011). The 1996 estimated annual cost of WRA
was $1.6 billion, or $1082 per worker (Leigh et al., 2002). By adjusting
for a 111% increase in medical care costs between 1996 and 2016 (BLS,

2017a), the resulting 2016 cost for WRA was estimated to be $2281 per
case. With 2.7 million U.S. workers having WRA in 2016 (Dodd and
Mazurek, 2016), the projected annual cost of WRA was approximately
$6 billion.

Epidemiologic evidence indicates that some healthcare occupations
have an elevated risk for asthma and related symptoms such as wheeze
(Bakerly et al., 2008; Koehoorn et al., 2013; Liss et al., 2011; Pechter
et al., 2005). In order to inform prevention, it is important to identify
the healthcare jobs and tasks most strongly associated with asthma and
related symptoms. The healthcare industry is hierarchical, with occu-
pations requiring different training and responsible for distinctive
functions defined by skills, tasks, and tools used. Occupation can ar-
guably serve as an effective surrogate for the totality of all work-related
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exposures experienced in a job, although such a surrogate is prone to
exposure misclassification and precludes the identification of specific
exposures or tasks that pose a health risk. For example, the US-based
Nurses’ Health Study found a statistically significant association be-
tween severe persistent asthma and operating room nursing when
compared to administrative nursing (Le Moual et al., 2013). This ana-
lysis assumed that all operating room nurses were similarly exposed. At
the same time, task can potentially be a more relevant surrogate of
exposure than occupation, especially if multiple occupations perform a
task that involves high-risk exposures. For example, several studies
have identified an association between respiratory problems and the
cleaning and disinfecting activities that are common in several
healthcare occupations (Arif and Delclos, 2012; Dumas et al., 2012;
Gonzalez et al., 2014; Walters et al., 2013).

Starting in 2011, the National Institute for Occupational Safety and
Health (NIOSH) of the U.S. Centers for Disease Control and Prevention
conducted a project to identify asthma and related outcomes in
healthcare workers, and investigate associations between these re-
spiratory outcomes and different workplace exposure metrics.
Healthcare workers were recruited from nine occupations, and parti-
cipants completed a questionnaire that inquired about demographic
characteristics, tasks performed and products used in healthcare occu-
pations, and the occurrence of asthma and related health outcomes. In
the current study, we examined the association of asthma outcomes
with work in the nine healthcare occupations and with performance of
four tasks common in healthcare (i.e., clean fixed surfaces, sterilize
medical instruments, administer aerosolized medications, and use
chemicals on patients).

2. Materials and methods
2.1. Study population and data collection

The NIOSH Institutional Review Board for Human Subjects re-
viewed and approved the protocol and study documents. Invitees re-
ceived a letter that included an invitation, explained the purpose of the
study, and included text that allowed them to subsequently make an
informed decision about participation. Invitees provided informed
consent before participating.

Members of the Service Employees International Union Local 1199
in New York City were invited to participate. A search of electronic
union records identified 24,562 members who lived in New York City
and were in one of nine target occupations, which provided a range of
occupational exposures as indicated by prior field studies of exposures
in hospitals (LeBouf et al., 2014; Saito et al., 2015). The union had
email addresses for only about 10% of the members, so mail and tele-
phone services were used to contact invitees. The 502 union members
lacking a phone number and three without a mailing address were
excluded, leaving a final sample frame of 24,057.

The 24,057 were distributed unequally by the nine occupations,
ranging from a low of 284 dental assistants to a high of 10,454 nursing
assistants (NAs). Numbers for the other occupations were: 4246 en-
vironmental service workers (ESWs), 2907 licensed practical nurses
(LPNs), 2616 registered nurses (RNs), 2060 laboratory technicians (lab
techs), 600 operating room technicians (OR techs), 571 respiratory
therapists or technicians (respiratory therapists), and 319 central
supply workers (CSWs). We selected 18,243 members (76% of 24,057)
using a random sample stratified by occupation. This number was based
on sample size calculations and an anticipated 60% participation rate.
With such a large number of NAs, we selected a considerably lower
percentage of them (52%) compared to other occupations. We selected
100% of the four smallest occupations (i.e., dental assistants, CSWs, OR
techs, and respiratory therapists) to maximize the chance of attaining
adequate numbers. We also took high percentages of ESWs (98%) be-
cause of our interest in workers who performed cleaning tasks and of
LPNs (100%) because they had not always been included in other
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studies of nurses, and only somewhat lower percentages of lab techs
(85%) and RNs (86%).

Starting in February 2014, the first round of 12,000 invitees were
contacted with two mailings (introductory material followed by in-
formation about the study and informed consent), two reminder post-
cards, and at least seven phone calls initiated at various times on both
weekdays and weekends. Invitees could complete the main survey ei-
ther online or with an interviewer on the telephone. Telephone inter-
views were conducted for 14 weeks after sending the invitation letters,
with inbound calls the first four weeks and both inbound and outbound
calls the last ten weeks. Strategies used to increase the likelihood of
contact and cooperation included calling alternative numbers from the
fifth pass onwards and using a direct mailing services company to up-
date addresses of non-responders before sending the second reminder
postcard. The same methods were used with the second round of 6243
invitees.

A short telephone questionnaire was offered to non-responders after
the conclusion of attempts to contact the second round of invitees. The
non-responder sample included 13,845 and excluded invitees who had
completed the main questionnaire or were on the union no-call list, or
for whom call attempts had yielded any of the following outcomes:
ineligible (i.e., deceased, < 18 years old or not employed in healthcare,
not currently working in a target occupation, or not currently living and
working in New York City); bad or wrong telephone number; hostile
refusal; language barrier; or hearing impairment. The goal to admin-
ister the non-responder survey to 3% (or 547) of the 18,243 invitees
was met by the second pass through the phone numbers.

2.2. Survey instruments

The main questionnaire underwent extensive development and
modification, with input from survey instrument experts and two re-
searchers who had conducted studies of healthcare workers. It ad-
dressed various topics, including demographics, smoking, employment
history, frequency of task and product use, and presence of asthma-
related outcomes. Many questions were from frequently-used standar-
dized instruments (Burney et al., 1994; Ferris, 1978; Jarvis, 2002;
Sunyer et al., 2007) and a previous study of healthcare workers in Texas
(Delclos et al., 2006). We prepared the main questionnaire in English
and Spanish for telephone presentation and English for the online
version, field-tested it, and developed scripts and training for telephone
interviewers.

The non-responders survey instrument included questions from the
main questionnaire for gender, age, race/ethnicity, occupation, place of
work, smoking, and wheeze in the last 12 months. An additional
question inquired about the primary reason for not completing the main
survey.

2.3. Inverse probability weights for selection and non-participation

We used weights equal to the occupation-specific inverse prob-
ability of selection so that the 18,243 invitees more closely resembled
the final sample frame regarding distribution by occupation. Two ad-
ditional interim inverse probability weights were also calculated to
address non-participation. The first interim weight accounted for in-
vitees whose eligibility status was unknown due to insufficient in-
formation from union records or the main or non-responder survey.
Those with known eligibility status had sufficient information to clas-
sify them as either eligible (i.e., were alive, > 18 years old and em-
ployed in healthcare, working in one of the target occupations, and
living and working in New York City) or ineligible (i.e., failed to fulfill
at least one criterion). We derived these weights by fitting a regression
model with the outcome of known eligibility status among the 18,243
invitees, using the SAS Survey logistic procedure with the selection
weight in the weight statement. The independent covariates were age
(< 39 (reference), 40-49, 50-59, > 60), gender, and occupation. We
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selected NAs as the common reference category for occupation because
they were the largest occupation and had lower prevalence of cleaning
and disinfecting tasks. The age, gender, and occupation data for each
eligible invitee were inserted into the fitted model to yield an individual
log odds that was converted to a probability. The inverse of this
probability was the desired weight.

The second set of interim weights for non-participation was based
on modelling completion of the main questionnaire among eligible in-
vitees, using the SAS Survey logistic procedure and weights equal to the
product of the selection weight and the first non-participation weight.
This model included independent covariates for gender, age, occupa-
tion, smoking status (former, current, and never as reference), and
wheeze in the last 12 months. We tested all pairwise interactions of
wheeze with the other covariates, and retained two interaction terms
that had p < 0.15: wheeze x female and wheeze x LPNs. We calculated
this set of interim weights using the same methods as already described.
Final weights equaled the product of the selection weight and the two
interim non-participation weights, and had the following characteristics
for the 2030 who completed the main survey: range 5.03-17.24, in-
terquartile range 7.96-12.38, median 9.08, and mean 9.98 (SD = 2.63).

2.4. Dependent variables

We used two definitions of asthma identified among the participants
with physician-diagnosed asthma. The first was “post-hire asthma”,
which was the same as what researchers termed “reported asthma” in a
study of healthcare workers in Texas (Delclos et al., 2007). This was
defined as physician-diagnosed asthma with onset after starting in the
healthcare profession. The second definition was “current asthma,”
assessed as an individual with physician-diagnosed asthma who met
any of the following criteria: an attack of asthma in the last 12 months,
medication use for asthma in the last 12 months, hospitalized overnight
for asthma in the last 12 months, urgent care/treatment for asthma in
the last 12 months, or an asthma score >1. These criteria were based
on previous definitions of current asthma from the European Commu-
nity Respiratory Health Survey (ECRHS) (Kogevinas et al., 1999).

As a subset of current asthma, exacerbation of asthma was examined
through questions on treatment and medication use in the last 12
months. Exacerbation was divided into the two categories of either
moderate or severe. An individual with current asthma was considered
to have experienced moderate exacerbation if he or she sought urgent
treatment for asthma (e.g., at a doctor's office, urgent care facility, or
emergency room) in the last 12 months without increasing usage of oral
steroids; or if he or she increased usage of inhaled steroids, or fast-
acting or rescue bronchodilators on a short-term basis in the last 12
months. An individual was determined to have severe asthma exacer-
bation if he or she were hospitalized overnight for asthma or increased
oral steroid usage as treatment for asthma in the last 12 months.
Further, we examined the binary outcome of any exacerbation, which
included any of those with either moderate or severe asthma exacer-
bation. These criteria for exacerbation are consistent with definitions
recommended by professional organizations (Reddel et al., 2009).

In order to identify individuals with asthma-related symptoms but
not necessarily a definitive asthma diagnosis, we employed the use of a
validated asthma score and an algorithm for bronchial hyper-respon-
siveness (BHR)-related symptoms. ECRHS researchers developed a five-
item asthma score, which can evaluate asthma both as a continuous and
a dichotomous outcome (Sunyer et al., 2007). The score aims to detect
risk factors and different markers for asthma, such as asthma attacks,
use of asthma medication, and bronchial responsiveness. An in-
dividual's asthma score is calculated as the sum of the positive answers
to five questions (“no” = 0; “yes” = 1) regarding breathlessness while
wheezing, woken with a feeling of chest tightness, attack of shortness of
breath (SOB) at rest, attack of SOB after activity, and woken by attack
of SOB. All five items represent symptoms that may have occurred
within the 12-month period before completing the questionnaire

213

International Journal of Hygiene and Environmental Health 222 (2019) 211-220

(Sunyer et al., 2007). The asthma score has been validated against
several clinical indicators of asthma and used in a variety of epide-
miologic studies, including both worker-based and larger population-
based studies conducted in Europe (Sunyer et al., 2007; Vizcaya
Ferndndez et al., 2011).

We also employed a symptom-based BHR algorithm that was de-
veloped by researchers evaluating the respiratory health of healthcare
workers in Texas (Arif et al., 2009; Delclos et al., 2006, 2007). We
decided to use this outcome in addition to the asthma score because it
included questions about allergic responses as well as respiratory
symptoms, and because it was developed for and used in the study of
healthcare workers in Texas, thus providing a basis for comparison in
the same country as the current study sample. The algorithm yields a
dichotomous outcome for BHR-related symptoms based on responses to
questions regarding the following eight symptom scenarios: trouble
with breathing; attack or episode of SOB in the last 12 months;
wheezing or whistling in the chest in the last 12 months; woken by an
attack of cough in the last 12 months; woken by an attack of chest
tightness in the last 12 months; itchy or watery eyes when near animals,
feathers, or in a dusty part of the house; feeling of chest tightness when
near animals, feathers, or in a dusty part of the house; and itchy or
watery eyes when near flowers or pollen (Delclos et al., 2006). In the
development process, these questions were validated against the clin-
ical testing of provocative concentration of methacholine that resulted
in at least a 20% decrease in forced expiratory volume in 1s (PCyo)
from baseline. Ultimately, BHR was defined with a cut point of
PCy0 < 4mg/ml. The BHR-related symptom algorithm provided esti-
mates of 61% sensitivity and 85% specificity for PCyy < 4 mg/ml
(Delclos et al., 2006).

Wheeze is a sentinel symptom of asthma, and we defined it as a
positive response to the following survey question: “Have you had
wheezing or whistling in your chest at any time in the last 12 months?”

2.5. Independent variables

When investigating the association of health with occupation, NAs
were the common reference category for the other eight occupations.
Other analyses investigated the association of health with four different
self-reported healthcare tasks: clean or disinfect fixed surfaces, equip-
ment, or instruments; sterilize or high-level disinfect medical instru-
ments; administer aerosolized medications; and use chemicals, ad-
hesives, antiseptics, alcohols, or solvents on patients. Other risk factors
and potential confounding variables included in all regression models
of health outcomes were gender (female, male), age (years, con-
tinuous), race (African American, white, other, unspecified), smoking
status (never, former, current), and history of allergies (dichotomous,
based on self-reported history of nasal or sinus allergies (including hay
fever), ever eczema or other skin allergies, ever animal allergies, ever
dust or dust mite allergies, or latex or adhesive allergies).

2.6. Statistical analysis

Data management, summaries of crude data, and all analyses were
accomplished using SAS® 9.4 statistical software (SAS Institute Inc.,
Cary, NC, USA). Weights based on the inverse probability of selection
and participation were included in regression models to adjust for
possible bias. Simple descriptive statistics were produced for the entire
study sample, by occupation, and by healthcare task. The associations
of post-hire asthma, current asthma, any exacerbation, BHR-related
symptoms, and wheeze with both the occupational and task variables
were examined using binary logistic regression. The odds ratio (OR),
corresponding 95% confidence interval (95% CI), and p-value were
calculated for each covariate. The association of the multinomial out-
come of moderate and severe exacerbation of asthma with occupation
and task was assessed using polytomous logistic regression. We did not
report effect estimates for any models when < 5 participants had the
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Fig. 1. Eligibility and participation status of 18,243 invitees.

outcome of interest.

Sparse data necessitated combining cells when analyzing asthma
score relative to the occupations but not the tasks. All but two occu-
pations (NAs and ESWs) had at least one instance of < 5 participants
with an asthma score in the range of 2-5 (see Online Supplement Table
S1). Consequently, we combined these categories when analyzing the
association of occupation with asthma score, creating an ordinal out-
come variable with scores 0, 1, and 3. With both the abbreviated range
of asthma scores to study the association with occupation and the full
range of values to study the association with task, there was over dis-
persion in the distribution of data. Consequently, we used a negative
binomial regression model, and results were expressed as ratios of the
mean asthma score with corresponding 95% confidence intervals
(Pekkanen et al., 2005).

3. Results
3.1. Eligibility and participation status

Eligibility and participation status for the 18,243 invitees is sum-
marized in Fig. 1. Information was insufficient to confirm eligibility for
14,687: 1046 provided some data in the main or non-responder survey;
6201 were contacted by telephone but no data were collected; and 7440
were never reached by telephone and provided no data online. Data
were sufficient to confirm eligibility status for 3,556, of whom 587 were
ineligible and 2969 eligible. The eligible participants included 2030
who completed the main survey (406 online, 1624 by telephone), 434
who finished part of the main survey at least through questions about
current occupation, and 505 with complete data on the non-responders
survey.

We calculated an effective eligible sample size by presuming the
14,687 with unconfirmed eligibility status had the same percentage of
eligible invitees as the 3556 with confirmed eligibility status. The 2969
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eligible accounted for 83.5% of the 3,556, and the percentage eligible
by occupation ranged from a low of 75.3% for ESWs to a high of 88.2%
for RNs. We applied the occupation-specific eligibility percentages to
the counts of invitees with eligibility not confirmed, to yield an esti-
mated 12,244 presumed eligible (data not shown). The effective sample
size of eligible invitees was the sum of those confirmed and presumed
eligible, or 2969 + 12,244 = 15,213, and was the denominator used to
calculate the following participation rates. The 2969 eligible invitees
represented 19.5% of the effective sample, including 2030 (13.3%)
completes and 434 (2.9%) partials for the main survey, and 505 (3.3%)
who finished the non-responder survey. The occupation-specific parti-
cipation rate for completing the main survey ranged from a low of
11.2% for lab techs to a high of 15.2% for respiratory therapists (Online
Supplement Table S2). The participation rate for the non-responder
survey after two rounds of telephone calls was 505 of 13,845, or 3.6%.

Those who completed the non-responder survey were asked why
they did not complete the main questionnaire, and were given a series
of answers from which to choose and the option to write in an answer.
The two most common answers accounted for approximately 80% of
non-responders: “not aware/didn't know about it” with 44.2%
(n = 223) and “survey is too long/too busy to complete” with 35.4%
(n = 179). The other reasons individually represented < 3% of the
group. Only 1.8% (n =9) of non-responders reported they did not
participate because the topic was not relevant to them.

3.2. Descriptive characteristics of participants

Descriptive characteristics of the study cohort are presented in
Table 1. The average age of the study sample was 48.6 years
(SD = 11.4), and women were three times as numerous as men (76% vs
24%). The majority of participants were African American (62%), with
just 13% identifying their race as white, another 13% as other, and 12%
as unspecified. Approximately 17% of the sample reported ever
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Table 1
Descriptive characteristics of the 2030 study participants.
Type of characteristic Variable n (mean, %
SD)
Demographic and health-  Age, in years (mean, SD) (48.6, 11.4)
related Sex
Female 1542 76
Male 487 24
Race
African American 1249 62
White 266 13
Other 274 13
Unspecified 241 12
Smoking status
Never smokers 1676 83
Former smokers 226 11
Current Smokers 113 5.6
History of allergies” 1033 51
Healthcare occupation NAs 702 35
CSWs 41 2.0
Dental Assistants 32 1.6
ESWs 374 18
Lab Techs 166 8.2
LPNs 297 15
OR Techs 63 3.1
RNs 280 14
Respiratory Therapists 75 3.7
Major healthcare tasks Clean fixed surfaces 1291 64
Sterilize medical equipment 301 15
Administer aerosolized 395 19
medications
Use chemicals, adhesives, or 646 32
solvents on patients
Asthma-related outcomes  Physician-diagnosed asthma 223 11
Post-hire asthma 103 5.1
Current asthma 173 8.5
Any exacerbation 74 3.6
Moderate exacerbation 41 2.0
Severe exacerbation 33 1.6
BHR-related symptoms 522 26
Asthma symptom score (mean, (0.48, 1.02)
SD)
Asthma symptom score,
frequency
0 1511 74
1 277 14
2 115 5.7
3 63 3.1
4 35 1.7
5 29 1.4
Wheezing or whistling in last 291 14

12 months

Abbreviations for occupations - NAs: nursing assistants, CSWs: central supply
workers, ESWs: environmental service workers, Lab Techs: laboratory techni-
cians, LPNs: licensed practical nurses, OR Techs: operating room technicians,
RNs: registered nurses, Resp. Therapists: respiratory therapists or technicians.

2 Defined as a positive response to any of the following: ever nasal or sinus
allergies (including hay fever), ever eczema or any kind of skin allergy, ever
allergies to animals, ever allergies to dust or dust mites, or ever allergies to latex
or adhesives.

smoking, with only 5.6% currently smoking. Half (51%) of all partici-
pants indicated a history of allergies. The occupation-specific distribu-
tion of participants by descriptive characteristics is available in Table
S3 in the Online Supplement.

The 2030 who completed the main questionnaire had a similar
distribution by gender as the other 16,213 invitees, with 76% and 74%
female, respectively. The participants’ mean age of 48.6 years
(SEM = 0.25) was only somewhat greater than the comparable value of
48.1 years (SEM = 0.09) for the others (p = 0.08). The two groups
differed in their crude distribution by occupation (p < 0.05), with
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participants more likely to work as NAs (33% versus 29%) and less
likely to work as ESWs (19% versus 23%).

The number of participants varied by occupation, with NAs re-
presenting the largest group with about one-third of the cohort
(n = 702, 35% of 2030). At the other extreme, five occupations had
fewer than 200 participants (CSWs, dental assistants, lab techs, OR
techs, and respiratory therapists) and collectively represented 18.6% of
the cohort. Of the four major healthcare tasks, cleaning fixed surfaces
was the most common with 64%, and sterilizing medical equipment
was the least common with 15%. For the asthma-related outcomes,
5.1% fulfilled the criteria for post-hire asthma and 8.5% for current
asthma, 26% had BHR-related symptoms, and 26% had a nonzero
asthma score. The number of participants declined as the asthma score
increased, and the top three categories (i.e., 3, 4, and 5) each had fewer
than 65 people. Wheeze was reported by 14% of the participants.

The frequency of healthcare tasks varied by occupation (Table 2). As
expected, 82% of ESWs cleaned fixed surfaces, but at least 70% of the
participants in six other occupations also performed this task. The other
three tasks had fewer occupations with high frequencies. Using che-
micals, adhesives, or solvents on patients was the second most common
task with approximately one-third of the sample, and was conducted by
a majority of RNs (72%), LPNs (65%), and OR techs (56%). Adminis-
tering aerosolized medications was uncommon overall (19%), but over
half of the respiratory therapists (89%), LPNs (56%), and RNs (55%)
performed this task. Only 15% of all participants reported sterilizing
medical equipment, but four of every five CSWs (80%) and dental as-
sistants (81%) performed this task. LPNs and RNs were the only occu-
pations with values of at least 50% for three tasks, and NAs were the
only occupation that did not exceed 50% for any task.

3.3. Association of asthma outcomes with occupation

The crude frequencies of asthma-related outcomes by occupation
(Table 3) revealed that the five occupations with fewer than 200 par-
ticipants (i.e., CSWs, dental assistants, OR techs, respiratory therapists,
and lab techs) were more likely to have < 5 participants with an out-
come than the other four more populous occupations. For results
without small numbers, the highest crude values included 7.5% post-
hire asthma and 12% current asthma for RNs, 5.4% any exacerbation
for LPNs and RNs, 32% BHR-related symptoms for CSWs, a mean
asthma score of 0.66 for dental assistants, and 19% wheeze for re-
spiratory therapists. When cell sizes were sufficiently large, there were
few statistically significant associations of asthma outcomes with oc-
cupation, based on the results from regression models that adjusted for
other risk factors and potential confounders (Online Supplement Table
S4). The odds of having current asthma was significantly increased in
both ESWs and RNs compared to NAs, with OR = 1.70 (95% CI 1.01,
2.84) and OR = 1.89 (95% CI 1.15, 3.13), respectively. In addition,
LPNs had an elevated OR for moderate exacerbation of asthma
(OR = 2.84, 95% CI 1.17, 6.92).

3.4. Association of asthma outcomes with healthcare task

The crude frequency of outcomes by the four healthcare tasks are
available in Table 4. Participants who administered aerosolized medi-
cations had the highest percentages for post-hire asthma (6.6%), cur-
rent asthma (12%), any exacerbation (5.3%), and wheeze (18%); ster-
ilizing medical equipment had the top frequency of 32% for BHR-
related symptoms; and all four tasks were more likely to have nonzero
asthma scores relative to the entire sample. From regression models
that adjusted for other risk factors and potential confounders, cleaning
fixed surfaces had statistically significant associations with most out-
comes, as seen in Fig. 2 and Table S5 in the Online Supplement. These
associations included OR = 1.76 (95% CI 1.09, 2.85) for post-hire
asthma, OR = 1.84 (95% CI 1.26, 2.68) for current asthma, OR = 3.10
(95% CI 1.25, 7.67) for moderate exacerbation, OR = 1.38 (95% CI



M.N. Caridi et al.

Table 2
Frequency of tasks performed by different healthcare occupations, n (%).
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General healthcare task Total Healthcare Occupation

NAs CSWs Dental Assistants ESWs Lab Techs LPNs OR Techs RNs Resp. Therapists
N 2030 702 41 32 374 166 297 63 280 75
Clean fixed surfaces 1291 (64) 284 (40) 30 (73) 27 (84) 307 (82) 117 (70) 218 (73) 29 (46) 222 (79) 57 (76)
Sterilize medical equipment 301 (15) 52 (7.4) 33(80) 26(81) 48 (13) 27 (16) 43 (14) 16(25) 33 (12) 23(38)
Administer aerosolized medications 395(19) 3*(0.4) 1%(2.4) 2"(6.3) 0 (0.0) 1% (0.6) 167 (56) 1% (1.6) 153 (55) 67 (89)
Use chemicals, adhesives, or solvents on patients 646 (32) 130 (19) 5(12) 13 (41) 12 (3.2) 28(17) 193 (65) 35 (56) 201 (72) 29 (39)

Abbreviations for occupations - NAs: nursing assistants, CSWs: central supply workers, ESWs: environmental service workers, Lab Techs: laboratory technicians,
LPNs: licensed practical nurses, OR Techs: operating room technicians, RNs: registered nurses, Resp. Therapists: respiratory therapists or technicians.

2 Cell has < 5 participants.

1.08, 1.77) for BHR-related symptoms, a ratio mean asthma score of
1.47 (95% CI 1.20, 1.80), and OR = 1.45 (95% CI 1.08, 1.94) for
wheeze. Results for the other three tasks were more like those for oc-
cupations, with few or no statistically significant results. Current
asthma (OR = 1.67, 95% CI 1.15, 2.43), any exacerbation (OR = 1.77,
95% CI 1.03, 3.03), and moderate exacerbation (OR = 2.27, 95% CI
1.14, 4.50) were associated with administering aerosolized medica-
tions; BHR-related symptoms was associated with sterilizing medical
equipment (OR = 1.63, 95% CI 1.20, 2.22); and using chemicals, ad-
hesives, or solvents on patients had no statistically significant associa-
tions with any health outcome.

4. Discussion
4.1. Summary of findings

The ECRHS was one of the first large studies to describe the asso-
ciation of asthma outcomes with cleaning-related activities (Kogevinas
et al.,, 1999). Subsequent studies have confirmed this association in
healthcare settings (Arif and Delclos, 2012; Arif et al., 2009; Mirabelli
et al., 2007; Vizcaya Fernandez et al., 2011). We surveyed a sample of
urban healthcare workers in the U.S. to investigate the association of

Table 3
Frequency of asthma-related outcomes by occupation.

asthma-related outcomes with healthcare occupations and tasks, in-
cluding cleaning and disinfecting. ESWs were the workers in this study
whose primary responsibility was cleaning, and they had increased
odds of current asthma. Two occupations responsible for patient care,
LPNs and RNs, had elevated ORs for moderate exacerbation of asthma
and current asthma, respectively. Among the tasks, sterilizing medical
equipment was significantly associated with BHR-related symptoms
and administering aerosolized medications was associated with current
asthma, any exacerbation, and moderate exacerbation. However, the
most notable findings were for the task of cleaning fixed surfaces, which
was significantly associated with nearly all the outcome variables, in-
cluding post-hire asthma, current asthma, any exacerbation, moderate
exacerbation, BHR-related symptoms, asthma score, and wheeze. These
findings are consistent with reports from other studies that exposure to
cleaning-related substances have a significant impact on the develop-
ment of adverse respiratory health outcomes (Arif and Delclos, 2012;
Bello et al., 2009; Delclos et al., 2007; Gonzalez et al., 2014). Further,
the current findings suggest that task was a more proximal surrogate of
cleaning-related exposures than occupation when studying asthma
outcomes in this workforce.

Asthma-related NAs CSWs Dental ESWs Lab Techs LPNs OR Techs RNs Resp. Therapists
Outcomes N =702 N=41 Assistants N = 374 N = 166 N =297 N =63 N = 280 N=75
N =32
n(mean, % n(mean, % n(mean, % n(mean, % n(mean, % n(mean, % n(mean, % n (mean, % n (mean, %
SEM) SEM) SEM) SEM) SEM) SEM) SEM) SEM) SEM)

Physician-diagnosed 68 9.7 3° 7.3 3 9.4 42 11 10 6.0 40 13 6 10 41 15 10 13

asthma
Post-hire asthma 34 48 1° 24 3 9.4 15 4.0 4° 2.4 19 6.4 3% 4.8 21 7.5 3% 4.0
Current asthma 50 71 3° 7.3 3 9.4 34 91 6 3.6 33 1 4 6.3 33 12 7 9.3
Any exacerbation 25 3.6 2° 4.9 2° 6.3 9 2.4 3° 1.8 16 54 0% 0.0 15 54 27 2.7
Moderate 10 1.4 1° 24 1° 31 7 1.9 1° 0.6 13 44 0° 0.0 7 25 1° 1.3

exacerbation
Severe exacerbation 15 21 1° 24 1° 3.1 2° 0.5 2° 1.2 3 1.0 0" 0.0 8 29 1° 1.3
BHR-related 178 25 13 32 9 28 99 26 36 22 87 29 14 22 72 26 14 19

symptoms
Asthma symptom (0.48, (0.44, (0.66, (0.49, (0.40, (0.53, (0.40, (0.48, (0.52,

score (mean, 0.04) 0.15) 0.24) 0.05) 0.07) 0.06) 0.09) 0.06) 0.13)

SEM)
Asthma symptom score
0 526 75 30 73 23 72 283 76 127 77 214 72 46 73 204 73 58 77
1 95 14 7 17 3° 9.4 45 12 27 16 40 13 11 17 44 16 5 6.7
2-5 81 12 47 98 6 19 46 12 12 7.2 43 14 6 9.5 32 11 12 16
Wheezing or 92 13 5 12 3° 9.4 54 14 20 12 54 18 7 11 42 15 14 19

whistling in last
12 months

Abbreviations for occupations - NAs: nursing assistants, CSWs: central supply workers, ESWs: environmental service workers, Lab Techs: laboratory technicians,
LPNs: licensed practical nurses, OR Techs: operating room technicians, RNs: registered nurses, Resp. Therapists: respiratory therapists or technicians.

@ Cell has < 5 participants with the outcome.
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Table 4
Frequency of asthma-related outcomes by work tasks.

International Journal of Hygiene and Environmental Health 222 (2019) 211-220

Asthma-related Outcomes Clean fixed surfaces

N =1291

Total
N = 2030

Sterilize medical equipment
N=

Administer aerosolized drugs
N = 395

Use chemicals on patients

301 N = 646

n (mean, SEM) % n (mean, SEM) %

n (mean, SEM)

% n (mean, SEM) % n (mean, SEM) %

Physician-diagnosed asthma 223 11 161 12
Post-hire asthma 103 51 74 5.7
Current asthma 173 8.5 129 10
Any exacerbation 74 3.6 58 4.5
Moderate exacerbation 41 2.0 34 2.6
Severe exacerbation 33 1.6 24 1.9
BHR-related symptoms 522 26 363 28
Asthma symptom score (mean, SEM) (0.46, 0.02) (0.55, 0.03)

Asthma symptom score, n and %

0 1511 74 922 71
1 277 14 192 15
2 115 5.7 83 6.4
3 63 3.1 48 3.7
4 35 1.7 24 1.9
5 29 1.4 22 1.7
Wheezing or whistling in last 12 291 14 206 16

months

37 12 60 15 82 13
15 5.0 26 6.6 40 6.2
25 8.3 48 12 64 9.9
5 1.7 21 5.3 30 4.6
37 1.0 13 3.3 19 29
2° 0.7 8 2.0 11 1.7
95 32 105 27 175 27
(0.55, 0.06) (0.55, 0.05) (0.50, 0.04)

210 70 280 71 468 72
52 17 59 15 95 15
19 6.3 30 7.6 48 7.4
10 3.3 15 3.8 15 2.3
5 1.7 37 0.8 10 1.5
5 1.7 8 2.0 10 1.5
42 14 73 18 100 15

2 Cell has < 5 participants with the outcome.
4.2. Post-hire asthma, current asthma and exacerbation of current asthma

The study of healthcare workers conducted in Texas focused on
post-hire asthma, defined as asthma with onset after entering health-
care work, with prevalence estimates of 6.6% overall, 7.3% for nurses,
and 5.6% for respiratory therapists (Delclos et al., 2007). The pre-
valence of post-hire asthma in the current sample was somewhat lower,
with 5.1% (n = 103) overall, 6.9% for nurses (RNs and LPNs com-
bined), and 4.0% for respiratory therapists. The positive associations of
this health outcome in our analyses were limited to cleaning fixed
surfaces, while the researchers in Texas reported associations with
nurses and all four tasks considered in the current study (Delclos et al.,
2007).

The 8.5% prevalence estimate for current asthma observed in this
study is similar to results from the National Health Interview Survey
(NHIS) in the U.S. Based on 2004-2011 NHIS data, the prevalence of
current asthma was 7.5% for health diagnosing and treating practi-
tioners, 7.1% for health technologists and technicians, 10.0% for nur-
sing, psychiatric, and home health aides, and 6.3% for other healthcare
support occupations (NIOSH, 2015). However, a recent study of 347
healthcare workers in Milwaukee, Wisconsin, reported a higher pre-
valence of 17.6% for current asthma (Kurth et al., 2017).

Both ESWs and RNs had elevated odds of current asthma (Online
Supplement Table S4), but the responsible exposures may have differed
between these two occupations. While the vast majority of both ESWs
(82%) and RNs (79%) cleaned fixed surfaces, very few ESWs did other
tasks, while most RNs also performed the patient-care tasks of admin-
istering aerosolized medications and using substances on patients
(Table 2). Current asthma was associated with both cleaning fixed
surfaces and administering aerosolized medications (Online Supple-
ment Table S5). A majority of LPNs and respiratory therapists also
engaged in these two activities, and their ORs for current asthma were
elevated but not statistically significant (Online Supplement Table S4).
Moderate exacerbation of asthma was significantly associated with
LPNs and the tasks of cleaning fixed surfaces and administering aero-
solized medications, two tasks that a majority of LPNs performed.

4.3. BHR-related symptoms

The prevalence of BHR-related symptoms was nearly the same for
the current and Texas studies of healthcare workers, with estimates of
26% and 27%, respectively (Delclos et al., 2007). While the prevalence

among nurses was similar in the current and Texas samples (28% and
29%, respectively), it was greater for respiratory therapists surveyed in
Texas (19% and 30%, respectively) (Delclos et al., 2007). The Texas
study found BHR-related symptoms associated with three occupations
(nurses, respiratory and occupational therapists) relative to physicians,
and with all four tasks that were also evaluated in the current in-
vestigation. The current results for this health outcome included sta-
tistically significant relationships with the two tasks of cleaning fixed
surfaces and sterilizing medical equipment, but with none of the oc-
cupations (Online Supplement Tables S5 and S4, respectively). The
association of sterilizing medical equipment with BHR-related symp-
toms but not current asthma suggests the participants who fulfilled the
criteria for this symptom algorithm but not current asthma had a
considerable influence on the association. While 75% (130/173) of
participants with current asthma also fulfilled the criteria for BHR-re-
lated symptoms, there were also many (n = 392) with the latter but not
the former.

4.4. Strengths and limitations

The population sample accounts for many of the strengths of the
current research. Although other researchers have examined the effect
of healthcare occupation on various respiratory outcomes (Arif et al.,
2009; Delclos et al., 2007; Le Moual et al., 2013), this study examined
the association of asthma-related outcomes with a broad array of oc-
cupations that included predominantly lower-skill jobs such as NAs and
ESWs that were not previously studied. For example, research in Texas
examined physicians, occupational therapists, nurses, and respiratory
therapists (Delclos et al., 2007), and the Nurses’ Health Study was
limited to RNs (Le Moual et al., 2013). Further, the current study
sample had a different race distribution than in many other studies,
with substantial minority representation, notably 62% African Amer-
ican (Delclos et al., 2007; Le Moual et al., 2013). Multiple measures of
asthma were available for analysis, weights were applied to adjust for
potential selection and non-participation bias, and covariates were in-
cluded to adjust for other risk factors and potential confounders when
modelling health outcomes.

The study had several limitations. The low participation rate of
13.3% raises concerns about whether participants were representative
of the sample frame. Several factors suggest that the current results are
not necessarily impacted by non-participation bias. First, there is a
robust literature demonstrating that participation rate alone is a poor
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Post-hire asthma e 1 e
Current asthma e 1 N —
Any exacerbation I { { ——n
Moderate exacerbation I g
Severe exacerbation I { g
BHR-related symptoms - —e— E ——
Asthma symptom score F—e— 1 H—o—
Wheezing or whistling in last 12 months F—— . —e—
0 1 2 3 :t 5 0 1 ; é alt 5

Clean Fixed Surfaces

Sterilize Medical Equipment

Post-hire asthma p—o— 1 He
Current asthma e g H———
Any exacerbation e 4 H—e—
Moderate exacerbation - k { 1 I {
Severe exacerbation - I | B S —
BHR-related symptoms —er 1 —p—i
Asthma symptom score - o—1 E —o—
Wheezing or whistling in last 12 months f—e—— 1 ——
0 1 2 s . s o ! 2 3 i 5

Administer Aerosolized Medications

Use Chemicals, Adhesives, or Solvents on Patients

Fig. 2. Odds ratios and ratio mean scores with 95% confidence intervals for association of asthma-related outcomes with four healthcare tasks.

Solid dots indicate p < 0.05 and open dots indicate p > 0.05.
The vertical red line in each graph represents the null value of 1.0.

Most results are an odds ratio (OR) and 95% confidence interval (95% CI) from logistic regression models. However, for the asthma symptom score, the results are a
ratio mean score and 95% CI from a negative binomial regression model. All results were adjusted for age, gender, race, smoking status, and history of allergies.
Moderate and severe exacerbation were included as outcomes in the same model using polytomous regression.

ORs were not reported for the association of moderate and severe exacerbation with sterilize medical equipment because < 5 participants who performed this task
had the outcome. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

determinant of bias (Galea and Tracy, 2007; Groves, 2006; Mannetje
et al., 2011; Morton et al., 2012; Peytchev, 2013). The potential for bias
exists across the range of participation rates, including the current
study and studies with higher participation rates. There is neither a
participation rate below which the results are always biased nor a rate
above which the results are always safe from bias. Second, non-parti-
cipants as well as participants provided enough data to develop weights
that were applied in regression models to adjust for potential selection
and non-participation bias, with the goal of yielding results re-
presentative of the sample frame. However, we cannot be certain that
the 939 individuals who finished either the non-responder survey or
part of the main survey, and whose information was used in the cal-
culating the non-participation weights, were truly representative of all
non-participants. In other words, despite our best efforts to adjust for
non-participation, we cannot be certain that the current results are free
from bias due to unequal participation. Finally, the observation that
results from this study are similar to results from other studies of
healthcare workers, notably the study in Texas, argues against bias.

It is relevant to consider other potential limitations as well. First,
due to the study's cross-sectional design, the temporal sequence of
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occupational exposures followed by respiratory outcomes is uncertain.
Second, small sample sizes were common when examining outcomes
that had fewer than 200 cases overall (e.g., post-hire asthma, current
asthma, exacerbation), especially in occupations with fewer than 200
participants. We did not report adjusted ORs for cells with < 5 cases,
and the missing OR estimates in Online Supplement Table S4 illustrate
the limitations of this study to test whether healthcare occupations
were risk factors for asthma-related outcomes. As an example of the
limited power for certain comparisons, the prevalence of post-hire
asthma was almost twice as great for dental assistants (9.4%, 3/32) as
for NAs (4.8%, 34/702) (Table 3), but the two-tail Fisher exact test for
this comparison yielded p = 0.21. With the same number of NA parti-
cipants and no change in the prevalences of the health outcome, the
number of dental assistants would have to be five times as great (or
n = 160) to yield p < 0.05. Third, the study relied on self-reports of
health outcomes and tasks, and differential reporting of tasks, and
especially over-reporting by participants with symptoms or diseases,
could have possibly biased effect estimates away from the null (De
Vocht et al., 2005). However, the questions that made up the outcome
definitions mostly pertained to the last 12 months, which likely limited
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inaccurate recall compared to requesting details about health events
that occurred years earlier. Fourth, the current assessment of occupa-
tional exposure is basic and would be improved by using reports of
product use and metrics that estimate chemical exposures. With this in
mind, we are constructing job/task exposure matrices based on mea-
surements of airborne exposures in healthcare settings. We plan to
apply the new matrices in future analyses of health data from this
project. Fifth, the current sample was not representative of all health-
care workers in the U.S., which could limit the generalization of find-
ings. For example, the percentage of participants who were African
American in this study was 79% for NAs, 72% for LPNs, and 51% for
RNs, compared to national estimates of 38%, 30%, and 12%, respec-
tively (Online Supplement Table S3) (BLS, 2017).

4.5. Conclusions and additional research

Healthcare settings provide opportunities for possible exposure to
various irritants and sensitizers that may contribute to adverse re-
spiratory effects. In the current study, work task, and especially
cleaning fixed surfaces, performed better as a risk factor for asthma-
related outcomes than healthcare occupation. The association of
asthma outcomes with cleaning fixed surfaces suggests that additional
refinement of the cleaning task variable (e.g., by type of surface
cleaning task and products used) might provide additional insights for
prevention. While fewer associations were observed between asthma
outcomes and the tasks of sterilizing medical equipment and adminis-
tering aerosolized medications, an analysis of specific activities and
products related to these tasks might also provide findings that could
inform prevention. Future studies of the association of asthma-related
outcomes with different exposure metrics based on the tasks, products,
and chemicals encountered when conducting cleaning and other ac-
tivities in healthcare could potentially lead to focused recommenda-
tions for reducing exposures of concern.
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