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ABSTRACT

Background: Disinfectants and cleaning products (DCPs) are important asthma risk factors among healthcare workers.
However, healthcare work involves heterogenous cleaning tasks and co-exposure to many chemicals. These multidimensional
aspects have rarely been considered. We aimed to identify patterns of occupational exposure to DCPs and study their asso-
ciations with asthma.

Methods: CONSTANCES is a French population-based cohort of 220,000 adults. Current asthma and asthma symptom score
were defined by questionnaire at inclusion (2012-2021). Healthcare workers completed a supplementary questionnaire on their
current/last held occupation, workplace, and cleaning activities that were used in unsupervised learning algorithms to identify
occupational exposure patterns. Logistic and negative binomial regression models, adjusted for potential confounders, were
used to assess associations with asthma outcomes.

Results: In 5512 healthcare workers, four occupational exposure clusters were identified: Clusterl (C1, 42%, reference), mainly
characterized by low exposed nurses and physicians; C2 (7%), medical laboratory staff moderately exposed to common DCPs
(chlorine/bleach, alcohol); C3 (41%), nursing assistants and nurses highly exposed to a few DCPs (mainly quaternary ammo-
nium compounds); and C4 (10%), nurses and nursing assistants highly exposed to multiple DCPs (e.g., glutaraldehyde,
hydrogen peroxide, and acids). Among women (n = 3734), C2 (mean score ratio [95% CI]: 1.31 [1.02; 1.68]) and C3 (1.18 [1.03;
1.36]) were associated with higher asthma symptom score, and an association was suggested between C3 and current asthma
(odds ratio 1.22 [0.99; 1.51]).

Conclusion: In a large population of healthcare workers, four DCP exposure patterns were identified, reflecting the hetero-
geneity of healthcare jobs. Two patterns, including one characterized by laboratory workers, were associated with greater
asthma symptoms in women.
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1 | Introduction

Asthma is a common chronic non-communicable disease,
with around 300 million individuals affected globally [1]. In
France, the prevalence of current asthma varies from 6% to
9.5% in adults depending on the definition used [2, 3].
Clinically, asthma is characterized by variable symptoms of
bronchospasm and airway inflammation including dyspnea,
chest tightness, wheezing, cough, and phlegm, which can
occur spontaneously or in response to external triggers (i.e.,
smoke, viruses, air pollution, allergens, and microbes) [4].

Workplace environments notably contribute to the preva-
lence of adult asthma [5, 6]. Occupational exposures can
cause or exacerbate asthma [5, 7]. Approximately 15% of
adult asthma cases are linked to occupational exposures,
and 20% of adults with asthma experience exacerbations at
the workplace [8, 9]. Occupational asthma can be attributed
to exposure to sensitizers such as flours, latex or diisocya-
nates [10], and to irritants [5]. In contrast with work-related
asthma due to other agents, incidence of work-related
asthma attributed to disinfectants and cleaning products
(DCPs) has increased in the past decades, particularly
among women [11]. The use of DCPs involves exposures to
various chemicals which may have important adverse res-
piratory effects.

Although studies report associations between workplace use of
DCPs and asthma [7, 12-14], limited data are available on
specific products/compounds [15, 16] or specific tasks [17]. In
a few cross-sectional studies, exposure to DCPs, in particular
glutaraldehyde, bleach, alcohol, ammonia, or quaternary
ammonium compounds (QACs), were associated with asthma
outcomes [17-21]. The literature is nonetheless heterogeneous
about products in general, as results for products/compounds
are not systematically replicated across studies [12, 19,
20, 22-25].

Healthcare workers, frequently exposed to DCPs, are known to
present an increased risk of developing asthma [25, 26]. In
France, there were around 1.2 million healthcare workers in
2022, a group composed of 53% nurses, 19% physicians, and 4%
laboratory staff [27]. Cleaning habits involve the use of various
substances and performing various tasks. Previous studies
mainly focused on a few substances, not necessarily reflecting
the reality of multiple exposures in the working environment.
Clustering methods appear to be useful to better characterize
the multidimensional aspect of exposure [17, 28] by identify-
ing groups of participants sharing common characteristics,
and using a large amount of data with multiple co-occurring
exposures. To the best of our knowledge, only one study [17]
used clustering methods to investigate cleaning and disin-
fecting activities and assessed their associations with asthma
outcomes in a population of 2030 New York healthcare
workers.

In the present study, we aimed to identify occupational ex-
posure patterns to DCPs among a large population of French
healthcare workers with unsupervised clustering methods and
to investigate the associations between those patterns with
current asthma and asthma symptom score.

2 | Materials and Methods

2.1 | Study Population

CONSTANCES (https://www.constances.fr/en/home/) is a
French general population-based cohort [29] that includes
around 220,000 participants aged 18-69 years from 24 Health
Prevention Centres (“Centres d'examens de santé”) located in
21 cities across France between 2012 and 2021. CONSTANCES
included people affiliated with the main national health
insurance (about 85% of the French population) [29]. At
inclusion, participants had a complete health examination and
completed a self-administrated questionnaire to collect data on
lifestyle and respiratory health, as well as full job history.
Occupations were coded according to French classifications of
occupations (“Profession et Catégories Socio-professionnelles,”
PCS 2003, https://www.insee.fr/fr/information/2400059) and of
activities (“Nomenclature d'Activités Francaise,” NAF, https://
www.insee.fr/fr/information/2406147), and subsequently trans-
coded into International Standard Classification of Occupation
(ISCO)-88 codes [30].

In 2022, participants potentially exposed to DCPs either in their
last or longest-held job were identified based on a list of jobs
classified as exposed (either “medium” or “high” exposure) to
DCPs according to the occupational asthma-specific job-exposure
matrix (OASJEM) [7, 31]. All identified participants were invited
to self-complete a specific additional questionnaire on occupa-
tional exposure to DCPs. Three versions of the questionnaire
were used according to job category: healthcare or medical lab-
oratory workers, cleaning workers, and food industry workers.
Participants received either paper questionnaires or web ques-
tionnaires based on their preference. Paper questionnaires were
sent in January 2022 with a reminder in March 2022, and
returned up to end of 2023, at the latest. Web questionnaires
were sent in January 2022, with recalls in February and April
2022, then closed at the end of April 2022. The present study
focuses on healthcare workers (n=11,050 invited).

2.2 | Asthma

Asthma was defined based on questionnaires at inclusion in the
CONSTANCES cohort (2012-2021), using standardized defini-
tions (dichotomous and semi-quantitative) similar to those
previously used in the European Community Respiratory
Health Survey (ECHRS) and Epidemiological Study on the
Genetics and Environments of Asthma (EGEA) [32, 33].

2.21 | Current Asthma

Ever asthma was defined by a positive answer to the question
“have you ever had asthma?’. Current asthma was defined
among participants with ever asthma by the report in the last
12 months of asthma attacks or symptoms (wheezing, awa-
kening with chest tightness, attack of shortness of breath at rest,
attack of shortness of breath after exercise, and awakening by
an attack of shortness of breath), or use of an asthma treatment.
Age at asthma onset was used to distinguish adult-onset asthma
(> 16 years) from childhood-onset asthma (< 16 years).
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2.2.2 | Asthma Symptom Score

The asthma symptom score, a semi-quantitative score ranging
from 0 to 5 previously described and validated [34, 35], was
defined as the sum of five asthma symptoms reported in the
past 12 months: breathlessness while wheezing, awakening
with chest tightness, attack of shortness of breath at rest, attack
of shortness of breath after exercise, and awakening by attack of
shortness of breath.

2.3 | Occupational Exposure

The DCP-specific questionnaire for healthcare workers was
adapted from similar questionnaires used in ECRHS [23],
EGEA [19, 36], and the Nurses' Health Study II [37]. Questions
were asked for the current or last held job and for the longest
held job, if different from the current or last held job. It
included questions on occupations (12 items including physi-
cians, nurses, midwives, and laboratory workers), workplaces
(15 items including liberal (private or office) practice, hospitals,
retirement homes, medical analysis laboratories), the frequency
of seven cleaning tasks for different surfaces or material, the
frequency of use of 14 specific DCPs (formaldehyde, glutar-
aldehyde, ortho-phthalaldehyde, bleach/chlorine, hydrogen
peroxide, peracetic acid, acetic acid, alcohol, ammonia, QACs,
ethylene oxide, phenolic disinfectant, enzymatic cleaner, and
organic/green products), the daily duration and the type
(sprays, wipes) of DCPs use, and the frequency (daily or weekly)
of 11 various tasks (e.g., hand washing with disinfectants), ha-
bits (e.g., use of respiratory protection), or other inhalation
exposure (e.g., chemical spill cleaning, and exposure to surgical
fumes). These DCPs were selected either because of their fre-
quency of use in the healthcare environment, their known
respiratory risk, or their irritant or sensitizing potential [11].
Sprays and wipes were selected because of their variable inha-
lation risks (via projection or evaporation) and organic or green
products because their use is increasing and their respiratory
health impact remains poorly documented [38, 39]. All these
questionnaire items are listed in Tables 2, 3 and 4.

For specific DCPs, the examples of main brand names used in
French healthcare settings were provided for each agent. In
addition, participants could fill in the brand name of the
products they used if they did not know the active compound.
The safety data sheets of provided brand names was searched to
determine the products’ main active compounds.

2.4 | Statistical Analysis

The main analysis concerned exposure patterns based on cur-
rent or last held job and a supplementary analysis concerned
those based on longest held job (see Section 3.3.1).

241 | Cluster Identification

A total of 52 variables and 134 characteristics were collected for
both the current and last held job. Variables were mainly

dichotomous variables (“no” vs. “yes”) and ordinal frequency
(<1 day/week, 1-3 days/week, 4-7 days/week; or < 1 time/day,
1-3 times/day, 4-10 times/day, > 10 times/day) of tasks and
products used, or daily duration (1 h/day, 1-4 h/day, > 4 h/day)
of use of DCPs. All these categories of variables were used in
unsupervised learning algorithms to identify clusters.

Missing data were handled with two steps of imputations,
simple imputations followed by multiple imputations. First, for
questions relating to occupation, workplace, cleaning tasks, and
products used (which each included 7-14 items), when parti-
cipants had answered at least one item of the specific question,
missing data for items of the same question were considered as
“no” (occupation/workplace) or “never” (tasks, product), in
accordance with methods used to deal with missing data in food
frequency questionnaires [40], which have similar structures.
For other questions, any missing data were then handled by
multiple imputations during the multiple correspondence
analysis steps.

Clusters were identified based on current or most recent work,
using multiple correspondence analysis in hierarchical ag-
glomerative clustering (HAC) [41] followed by k-means algo-
rithms. As HAC method is a classification method initially
designed for quantitative variables, we used multiple corre-
spondence analysis to transform qualitative variables to quan-
titative ones. We followed the majority rules to determine the
optimal number of clusters. We used 30 validation indices (see
details in Table S1) by combining the number of classes, Eu-
clidian distances, and the complete agglomerative method im-
plemented in the NbClust R package [42].

Unsupervised learning algorithms were conducted using R version
4.3.2 (Copyright 2023, The R Foundation) for statistical computing
with “FactoMineR” [43] and “NbClust” [42] packages.

2.4.2 | Associations Between Clusters and Asthma
Outcomes

Cross-sectional analysis of the associations between occupational
exposure patterns and current asthma and the asthma symptom
score were evaluated by logistic regression and negative binomial
regression, respectively, adjusted for age, sex, body mass index
(BMI), and smoking status. Associations were also assessed
separately in women and men, as job tasks and asthma pheno-
types may vary according to sex, and interaction with sex was
tested by including the interaction term in the models.

Sensitivity analyses were performed: (1) by excluding partici-
pants with childhood onset asthma to focus on adult asthma,
which may have been triggered by occupational exposures; (2)
using occupational exposure clusters identified using the lon-
gest held job to take into account long-term exposure; (3) when
using occupational exposure clusters identified based on the
current or most recent held job, by excluding participants who
were included more than 5 years before 2022, the year in which
the questionnaire on occupational exposure to DCPs was
completed, as these participants are more likely to have a
potential change in exposure since inclusion, or (4) using
clusters identified on the basis of complete population data
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without any missing data handling to assess potential bias due
to missing data in the results.

Statistical analyses were conducted using SAS version 9.4 soft-
ware (SAS Institute Inc., Cary, NC). All p values were two-sided
and considered significant at the 0.05 level.

3 | Results

3.1 | Population Characteristics

Among 11,050 healthcare workers who received the specific
additional questionnaire on their occupational exposure, 5833
returned the questionnaire (response rate 52.8%; Figure 1).
Compared to non-respondents (n = 5176), participants who did
return this questionnaire were older (47.6 vs. 45.1 years;
Table S2), less often have current asthma (8.86% vs. 10.33%), with
a lower asthma symptom score (27.74% vs. 31.33% with at least
one symptom), and less often non-smokers (54.30% vs. 50.59%).

Cluster-analysis based on current or most recent job concerned 5512
healthcare workers (Figure 1) whose answers confirmed that their
current or most recent job corresponded to the selection criteria.
Among these, 44.6% were nurses, 54.6% were working in a hospital,
and 84% used at least one DCP per week. Some were excluded from
the analyses of associations between exposure patterns and asthma
outcomes because they started the job after the inclusion (1 = 583)
or had missing data on their asthma status (n=138) (Figure 1).
Therefore, we included in the association study 4791 participants
with a mean age of 48.85 + 12.46 years. Among them, 83.39% were
women, 26.75% had 4 years postsecondary education, and 7.99%
had current asthma (Table 1). Excluded participants mainly differed
from included participants in age, smoking, and respiratory out-
comes (Table S3). For current asthma analysis, we included 4382
participants, excluding those with noncurrent asthma (n = 230) and
missing data for BMI or smoking status, and for asthma symptom
score, 4478 participants excluding only those with missing data for
covariates (Table S3).

3.2 | Occupational Exposures Clusters

Four clusters of occupational exposure patterns to DCPs based
on current or most recent held healthcare job were identified
according to the majority rules (proposed by six indices).

The first cluster, C1 (n = 2337), represented 42.4% of participants
and was mainly characterized by nurses (44.6%) and physicians
(27.6%) working in a hospital (52.9%) or in private practice
(24.6%) (Table 2). Most of them used DCPs less than 1h a day
(85.5%). About a third of them performed cleaning tasks on
medical instruments (32.6%) or surfaces (35.6%) and other
medical devices (33.0%) 1-3 days per week, and few (10%-12%) of
them performed these tasks more frequently (4-7 days per week)
(Table 3). Most of them used specific DCPs less than 1 day
per week except for alcohol (17.8%) and QACs (33.5%), used
between 1 and 3 days per week. They moderately used both
sprays (28.4%) and wipes (29.4%). More than half disinfected
their hands at work (56.5%) more than 10 times a day (Table 4).

C2 (n=393, 7.13%) was mainly characterized by work as lab-
oratory staff (74.8%). Their workplace was medical analysis
laboratories (65.4%). Almost all laboratory staff were present in
this cluster (together, the other clusters accumulated less than
1% of laboratory staff). C2 was also characterized by medical
technicians (27.5%) and work in hospital (46.1%) (Table 2).
Their cleaning tasks were performed on laboratory tools
(62.1%), surfaces (43.8%), and medical instruments (21.9%)
between 4 and 7 days per week. Most of them used DCPs less
than 1h a day (82.7%). They had the highest frequency of use of
alcohol (47.6%) 4-7 days per week, and the second-highest
frequency of the use of chlorine or bleach 4-7 days per week
(20.9%), after C4 (Table 3). They used QACs (44.8%) 4-7 days
per week. They also used sprays (30.5%) and wipes (13.2%)
4-7 days per week. They also used respiratory protections
(23.6%) 4-7 days per week. They washed their hands at work
with disinfectants between 4 and 10 times a day (32.8%).
Notably, 30.0% had ever cleaned a chemical spill (Table 4).

C3 (n=2237, 40.5%) was mainly characterized by nurses (47.7%)
and nursing assistants (29.7%) who worked in a hospital (54.8%)
and in retirement homes (18.6%). They performed cleaning tasks
on medical instruments (56.6%), surfaces (75.2%), toilets (31.0%),
other medical instruments (54.98%), and other locations and
equipment (17.1%) 4-7 days per week. More than half used DCPs
in the workplace less than 1h per day (57.8%). Between 4 and
7 days per week, they used QACs (63.2%), alcohol (28.3%), glu-
taraldehyde (13.4%), and enzymatic cleaners (8.90%). They had
the highest frequency of use of sprays 4-7 days per week (58.9%).
They also used wipes 4-7 days per week (43.3%). They used
respiratory protections (44.1%) 4-7 days per week.

C4 (n = 545, 9.88%) was mainly characterized by nurses (58.7%),
nursing assistants (14.7%), and dentists (10.1%) who worked in
a hospital (67.3%), followed by private practice (23.9%), clinic
(23.5%), and maternity clinic (10.1%). They had the highest
frequency of cleaning medical instruments (86.8%), operating
rooms (49.9%), and endoscopes (20.7%) between 4 and 7 days
per week. Compared to other clusters, they had the highest
duration per day of use of DCPs, as 40.6% used DCPs 1-4h
a day (40.6%) and 25.7% for more than 4 h a day. They also had
the most frequent use (4-7 days a week) of many DCPs: QACs
(73.4%), glutaraldehyde (43.9%), alcohol (40.4%), hydrogen
peroxide (29.7%), enzymatic cleaner (26.4%), formaldehyde
(21.8%), bleach or chlorine (21.1%) (comparable to C2 [20.9%]),
peracetic acid (14.3%), and ortho-phthalaldehyde (8.81%). They
also used both sprays (52.3%) and wipes (47.3%), respiratory
protections (60.2%), and were exposed to surgical fumes (28.3%)
and administrated anesthetic (59.1%) 4-7 days per week. They
washed hands with disinfectants at work (77.3%) and during
surgical disinfection more than 10 times a day more frequently
than other clusters. They had the highest frequency of cleaning
chemicals spill (34.3%) close to those in C2 (30.0%).

3.3 | Associations Between Occupational
Exposure Patterns and Asthma

C1 was used as the reference, as it was the least-exposed cluster
in frequency and quantity of products. It was also the cluster
with the highest number of participants. Results of the

519 of 556



CONSTANCES participants
recruited in 2012-2020
n=207,288
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to DCPs or no job history data

v n=187,391

Specific additional questionnaires

on occupational exposure in 2022
n=19,897
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workers:
n=8,847

\ 4

A 4

Healthcare workers
n=11,050

Participation refusal: n=41

* Retirement: n=15

* Not concerned: n=16

* No reason provided: n=10
Questionnaire not returned: n= 5,176

A 4

Questionnaire returned
n=5,833

v
Current/most recent job as
healthcare worker
n=5,658

Filling date not available: n=71
veterinarians and vet assistants: n=75

\ 4

y
Population selected for
cluster identification
n=5,512

job started after the health
examination at baseline: n=583

Job started before baseline
health examination

n=4,929
Missing asthma symptom Missing asthma status
score data: n=130 data: n=138
Complete asthma Complete asthma
symptom score data status data
n=4,799 n=4,791
Missing confounder Non-current asthma

data n=230
n=321 Missing confounder data

n=179

Current asthma
analysis
n=4,382

Asthma symptom score
analysis
n=4,478

FIGURE 1 | Selection of the study population.

associations of clusters, with current asthma and asthma
symptom score are presented in Table 5.

No significant association was found between any cluster
and current asthma, neither in all participants nor after
stratification by sex (Table 5). However, an association was
suggested between C3 and current asthma (adjusted odds
ratio (OR) [95% confidence interval] =1.22 [0.99; 1.51])
among women).

C2 was associated with a higher asthma symptom score
(adjusted mean score ratio (aMSR) [95% confidence inter-
val] =1.22 [0.98; 1.53]) at borderline significance. Among
women, C2 and C3 were associated with higher asthma
symptom score (MSR=1.31 [1.02; 1.68] and MSR=1.18
[1.03; 1.36], respectively). Among men, C3 was associated
with a lower asthma symptom score (MSR=0.61 [0.40;
0.92]) than C1. The interaction with sex was significant
(p = < 0.0001).
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TABLE 1 | Characteristics of occupational exposure patterns to disinfectants and cleaning products among healthcare workers.
Characteristics of Included
participants participants C1 C2 C3 C4a p value
Participants, n 4791 1970 366 1953 502
Age (years), mean + SD 48.85+12.46 48.99+12.73  50.02+13.11 47.98+11.99 50.77+1242 <0.0001
Sex, women, % 83.39 78.93 78.69 89.30 81.27 <0.0001
Smoking status, % 0.01
Non-smokers 54.10 53.15 57.78 55.92 47.90
Smokers 12.35 12.23 10.28 12.80 12.61
Ex-smokers 33.55 34.62 31.94 31.28 39.50
Body mass index, kg/m?, % 0.0047
<25 63.29 65.69 65.93 60.62 62.27
[25-30] 25.97 25.44 22.25 27.32 25.56
>30 10.74 8.87 11.81 12.05 12.17
Education level, % < 0.0001
< High school 9.75 3.59 24.09 10.83 15.23
High school 10.66 7.45 11.60 13.36 12.02
2-3 years postsecondary 46.93 43.44 62.71 47.01 48.90
> 4 years postsecondary 26.75 39.05 22.1 14.91 27.85
Other 0.42 0.31 0.0 0.62 0.40
Asthma symptom score, % 0.19
0 73.50 75.01 70.03 72.46 74.18
1 17.57 16.95 19.89 18.22 15.78
2 5.62 5.32 7.00 5.58 5.94
3 1.85 1.67 1.40 1.84 2.87
4 0.92 0.57 1.40 1.11 1.23
5 0.54 0.47 0.28 0.79 0.0
Current asthma 7.99 7.36 9.02 8.55 7.57 0.56

p values were calculated using Chi-2 test for categorical variables and the student's t-test for quantitative variables. Bold values indicate statistical significance.

3.3.1 | Sensitivity Analyses

After excluding participants with childhood onset asthma,
among women, membership in cluster C3 was associated
with current asthma (OR =1.38 [1.04; 1.83]) (Table S4). In
addition, C3 was still associated with a higher asthma
symptom score (MSR=1.18 [1.02; 1.37]), and C2 was of
borderline significance with slightly lower MSR. No associ-
ation was found among men. The interaction with sex was
significant.

After identifying occupational exposure clusters to DCPs based on
participants’ longest held job, in all participants, C2 was associated
with a higher asthma symptom score score (MSR =1.20 [0.96;
1.53]) with borderline significance. Among women, both C2 and
C3 were associated with a higher asthma symptom score (aMSR=
1.30 [1.02; 1.65] and 1.11[0.98; 1.26], respectively), the latest being
at borderline significance. Among men, C3 was significantly
associated with a lower symptom score (0.67 [0.46; 0.96]). The
interaction with sex was significant (Table S5).

After excluding participants who were included more than
5 years before 2022, C3 was associated with current asthma
among women (OR =1.48 [1.10; 2.00]). For asthma symp-
tom score, results were similar to those in the main analysis.
Among women, C3 was associated with higher score
(MSR =1.28 [1.05; 1.56]). Among men, C3 was associated
with a lower score (MSR =0.52 [0.30; 0.91]) than C1. The
interaction with sex was significant (Table S 6).

Using clusters based on complete current or most recent job
data (without missing data imputation), similar results to these
main results were found (data not shown).

4 | Discussion

In a large population of more than 5000 French healthcare
workers, we identified four clusters of occupational exposures
to DCPs: C1 mainly characterized by physicians and nurses,
with the lowest exposure in terms of frequency and quantity of
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TABLE 2 | Participant's occupations, workplaces, surfaces, and material cleaned according to clusters.

Characteristics of participants Participants C1 C2 C3 C4
Participants, n 5512 2337 393 2237 545
Nurse 44.6 44.6 7.38 47.7 58.7
Nursing assistant 17.7 9.58 1.53 29.7 14.9
Physicians 15.6 27.6 8.14 7.24 3.85
Medical technician 3.52 1.50 27.5 1.70 2.39
Midwife 3.36 5.91 0.76 1.70 1.10
Anesthetic assistant 1.31 1.03 0.00 0.09 8.44
Dentist 2.21 1.07 0.00 1.88 10.1
Dental assistant 1.49 0.21 0.51 1.34 8.26
Pediatric nurse 3.14 3.68 0.25 3.40 1.83
Assistant pediatric nurse 2.92 1.93 0.00 4.96 0.92
Laboratory staff 5.53 0.34 74.8 0.09 0.18
Other medical or healthcare staff 6.91 8.39 3.82 6.71 3.67
Workplaces
Liberal practice 20.1 24.6 4.33 17.2 23.9
Hospital 54.6 52.9 46.1 54.8 67.3
Clinic 12.5 13.1 7.63 10.2 23.5
Maternity clinic 5.77 8.64 1.02 2.55 10.1
Patient's homes 12.4 14.0 3.05 14.2 4.77
Retirement homes 13.2 11.6 1.78 18.6 6.61
Daycare Centers 2.99 1.84 0.00 5.14 1.28
Medical analysis laboratory 5.32 0.77 65.4 0.45 1.47
Surfaces and material cleaned
Medical instruments

<1 day/week 44.0 554 74.6 35.9 5.87

1-3 days/week 17.8 32.6 3.56 7.47 7.34

4-7 days/week 38.2 12.1 21.9 56.6 86.8
Surfaces

<1 day/week 35.2 53.7 47.8 18.3 16.2

1-3 days/week 19.2 35.6 8.40 6.48 8.99

4-7 days/week 45.6 10.7 43.8 75.2 74.9
Toilets

<1 day/week 74.1 87.1 94.2 59.3 68.0

1-3 days/week 10.1 11.4 0.76 9.70 12.7

4-7 days/week 15.8 1.45 5.09 31.0 22.4
Laboratory tools

<1 day/week 89.1 96.9 22.9 95.4 77.8

1-3 days/week 3.01 2.65 15.1 0.94 4.40

4-7 days/week 7.87 0.43 62.1 3.71 17.8
Operating rooms

<1 day/week 92.3 97.4 99.2 98.2 41.1

1-3 days/week 1.85 1.93 0.25 0.31 8.99

4-7 days/week 5.86 0.68 0.51 1.48 49.9

(Continues)
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TABLE 2 | (Continued)
Characteristics of participants Participants C1 C2 C3 C4
Endoscopes
<1 day/week 95.7 98.6 99.2 99.0 66.8
1-3 days/week 1.98 1.33 0.51 0.36 12.5
4-7 days/week 2.38 0.13 0.25 0.63 20.7
Other medical devices
<1 day/week 48.7 57.3 96.2 35.9 30.3
1-3 days/week 18.7 33.0 1.02 9.12 9.54
4-7 days/week 32.6 9.80 2.80 55.0 60.2
Other locations or equipment
< 1 day/week 85.3 90.3 91.4 80.8 78.2
1-3 days/week 4.35 7.45 1.78 2.06 2.39
4-7 days/week 10.3 2.23 6.87 17.1 19.5

Note: Results are presented as %, unless otherwise specified.

products used; C2 characterized by laboratory staff highly ex-
posed to main DCPs such as alcohol, chlorine, bleach, or QACs
with a daily use of DCPs of less than 1 h; C3 mainly charac-
terized by nurses and nursing assistants highly exposed to few
DCPs and mainly QACs, also with less than 1 h of daily use; and
C4 characterized by nurses and nursing assistants highly ex-
posed to multiple DCPs, some with over 4 h of daily use. Using
C1 as reference, we found associations between clusters C2 and
C3 and higher asthma symptoms score among women, and
between C3 and lower symptom scores in men. Although
overall we found no significant association with current asthma,
an association was suggested between C3 and current asthma in
women.

To our knowledge, this study is one of the two large studies to
identify exposures clusters to DCPs among healthcare workers.
The previous one [17] used similar methods, namely hierar-
chical agglomerative classifications (HAC) using scree plots and
dendrograms to determine a number of clusters of cleaning and
disinfecting activities. HAC methods have proved robust for
assessing occupational exposure by grouping jobs with similar
responses to questionnaires increasing the homogeneity of ex-
posure estimates within clusters [44]. In the present study, we
used, in addition to examining scree plots and dendrograms, 30
indices [42] to determine the optimal number of clusters in a
partitioning of data set during the clustering process and to
select the number proposed by the majority of them to be more
robust. HAC was followed by k-means algorithm steps to con-
solidate the classification. Finally, our study covered a wider
spectrum of products used including glutaraldehyde, hydrogen
peroxide, peracetic acid, acetic acid, or ammonia and cleaning/
disinfection tasks.

We acknowledge that using self-reported exposure data poten-
tially leads to information and misclassification bias. Re-
searchers have noted a discrepancy between self-reported
exposure levels and expert exposure assessments for DCPs
[19, 36]. Exposure to specific DCPs is frequently underestimated
by healthcare workers, potentially due to a lack of awareness
regarding the composition [37]. In addition, two studies [36, 45]

reported differences in self-reported occupational exposure es-
timates according to asthma status, suggesting a differential
bias. In our study, exposures patterns were estimated using
unsupervised clustering methods based on various character-
istics. This could attenuate the influence of subjective percep-
tions and differences in awareness between participants related
to asthma status on estimates for specific exposures but would
not completely eliminate them as the data were collected by self-
administered questionnaire. In addition, exposure was assessed
retrospectively in 2022 after the respiratory health assessment
performed at inclusion. As a result, we excluded participants who
started their jobs after inclusion, and in a sensitivity analysis, we
also excluded participants included more than 5 years before
2022, thereby strengthening our results.

Missing data were between 1% and 30% depending on the vari-
ables. We first performed simple imputations as commonly done
with comparable questionnaires with numerous items [40],
assuming that the reason why participants did not answer a
question is because they did not perform this task or used this
product. Then, we performed multiple imputations on the
missing data remaining in the data set. We also performed
occupational exposures cluster identification using only partici-
pants with complete data and found similar clusters with similar
characteristics. The response rate to the questionnaire was 53%,
which is relatively low and could induce systematic bias. There
were differences in participation rate according to asthma status,
and few differences in the professions represented, and therefore
probably few in exposures, which probably had no major influ-
ence on the results. The response rate may have been impacted
by the COVID-19 pandemic, which was still ongoing in 2022
when the questionnaire was sent, a period during which
healthcare workers were highly consulted. Nonetheless it was
consistent with that previously reported [46]: investigating
response rate of 350 studies in healthcare workers including
physicians and nurses, the authors reported average response rate
of 57% with 50% among nurses. In specific studies on occupa-
tional respiratory health among healthcare workers, reported
response rates ranged between 22% and 66% [17, 25, 47, 48]. In
addition, as differences between included and excluded
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TABLE 3 | Product used according to occupational exposure patterns to DCPs.

Characteristics of participants Participants C1 C2 C3 C4
Participants 5512 2337 393 2237 545
Formaldehyde

<1 day/week 92.8 97.2 89.3 96.2 62.2

1-3 days/week 3.27 2.31 4.58 0.94 16.0

4-7 days/week 3.96 0.47 6.11 2.86 21.8
Glutaraldehyde

<1 day/week 82.3 89.0 90.1 83.4 43.5

1-3 days/week 6.91 9.88 2.29 3.22 12.6

4-7 days/week 10.8 1.11 7.63 13.4 43.8
Ortho-phthalaldehyde

<1 day/week 97.7 99.2 99.2 99.2 84.0

1-3 days/week 1.18 0.77 0.25 0.31 7.16

4-7 days/week 1.14 0.04 0.51 0.54 8.81
Bleach, chlorine

<1 day/week 80.7 90.5 61.1 78.1 64.2

1-3 days/week 10.9 8.90 18.1 10.9 14.7

4-7 days/week 8.33 0.64 20.9 11.0 21.1
Hydrogen peroxide

<1 day/week 88.4 94.4 90.3 90.2 54.1

1-3 days/week 4.90 5.31 4.58 1.79 16.2

4-7 days/week 6.71 0.34 5.09 8.05 29.7
Peracetic acid

<1 day/week 96.2 98.9 98.2 98.4 74.1

1-3 days/week 1.94 1.07 1.02 0.67 11.6

4-7 days/week 1.83 0.00 0.76 0.89 14.3
Acetic acid

<1 day/week 97.3 99.1 924 99.2 85.0

1-3 days/week 1.63 0.73 4.83 0.49 7.89

4-7 days/week 1.09 0.13 2.80 0.31 7.16
Alcohol

<1 day/week 64.6 72.7 31.6 66.2 47.3

1-3 days/week 12.5 17.8 20.9 5.45 12.3

4-7 days/week 22.9 9.50 47.6 28.3 40.4
Ammonia

<1 day/week 98.3 99.3 96.4 98.8 93.4

1-3 days/week 0.96 0.64 3.05 0.40 3.12

4-7 days/week 0.73 0.04 0.51 0.80 3.49
Quaternary ammonium compounds (QACs)

<1 day/week 41.4 54.1 44.0 334 17.4

1-3 days/week 17.3 33.5 11.2 3.35 9.17

4-7 days/week 41.4 124 44.8 63.2 73.4
Ethylene oxide

<1 day/week 99.1 99.7 99.8 99.7 93.8

(Continues)
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TABLE 3 | (Continued)

Characteristics of participants Participants C1 C2 C3 C4
1-3 days/week 0.51 0.30 0.00 0.18 3.12
4-7 days/week 0.36 0.00 0.25 0.09 3.12

Phenolic disinfectant
<1 day/week 98.8 99.6 99.0 99.5 92.1
1-3 days/week 0.67 0.39 0.51 0.04 4.59
4-7 days/week 0.56 0.04 0.51 0.45 3.30

Enzymatic cleaner
<1 day/week 88.3 93.7 86.8 88.9 64.2
1-3 days/week 4.68 5.95 4.83 2.19 9.36
4-7 days/week 6.98 0.39 8.40 8.90 26.4

sprays
< 1 day/week 50.4 65.2 63.4 36.0 37.1
1-3 days/week 15.6 284 6.11 5.14 10.6
4-7 days/week 34.0 6.42 30.5 58.9 52.3

wipes
<1 day/week 554 61.5 78.6 48.2 42.2
1-3 days/week 17.5 294 8.14 8.49 10.5
4-7 days/week 27.1 9.16 13.2 43.3 47.3

Organic or green products
<1 day/week 91.7 93.6 98.0 89.5 88.8
1-3 days/week 4.08 5.43 1.27 3.26 3.67
4-7 days/week 4.15 0.94 0.76 7.29 7.52

Note: Results are presented as %, unless otherwise specified.

participants were observed in the present study, a potential
selection bias cannot be dismissed.

We identified four clusters consistent with the literature in
occupations and main products used. Even if the previous study
[17] identified five clusters, four of them were similar across
both studies: a cluster with the lowest exposure in terms of
frequency and quantity of products that is like C1; a cluster
characterized by laboratory staff exposed to alcohol, chlorine or
bleach that is like C2; and two clusters, both characterized by
nurses and nurses' assistants. The latter differ in tasks and
products used. As in our study, one of them was characterized
by moderate use of cleaning alcohols; the other, by the highest
and most diversified exposures (alcohols, high-level disinfec-
tants, bleach, enzymes, etc.). These clusters are similar to C3
and C4. However, in our work, the use of QACs was higher in
each of the clusters identified than in the previous study, con-
sistent with a higher rate of QACs use overall in our population
(41%, 4-7 days/week). In our questionnaire, we included brand
names of major products containing each type of substance,
which likely led to a more accurate assessment of QACs ex-
posure. Furthermore, since the COVID-19 pandemic, the use of
QAC s containing disinfectants increased in homes, workplaces,
and industries [49-51].

Various studies in the literature have found associations of
exposure to DCPs in general, and of specific DCPs, with asthma

characteristics including current asthma [18-20, 22, 23, 25, 47,
52-54]. The literature is more heterogeneous regarding specific
tasks and products/compounds associated with asthma. Clus-
tering methods provide the benefit of considering the multi-
dimensional aspect of exposure [17, 28] compared to studies
focused on one or few substances. We found associations with
higher asthma symptom score, but fewer associations with
current asthma. A previous analysis in the same CONSTANCES
cohort [7] found associations between occupational exposures
to irritants (including DCPs) and higher asthma symptom score
but no associations with current asthma. Similarly, a previous
study, with comparable methodology, reported mild symptoms
and undiagnosed or untreated asthma associated with DCPs
exposure clusters [17]. Overall, these results suggest that DCPs,
which often involve irritant exposures, may be associated with a
specific asthma phenotype less documented and possibly under-
diagnosed. Furthermore, using symptom score makes analysis
more powerful than the dichotomous analysis of asthma. A
lower power to detect modest associations is therefore a possible
explanation for the nonsignificant associations with current
asthma.

We observed an association between C2 characterized by
medical laboratory staff and higher asthma symptom score. This
was consistent with the literature on laboratory staff and
asthma characteristics, even if it is limited. Using unsupervised
methods to assess occupational exposures among healthcare
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TABLE 4 | Cleaning habits according to occupational exposure patterns to DCPs.
Characteristics of participants Participants C1 C2 C3 C4
Participants 5512 2337 393 2237 545
Diluting products before use 51.9 311 55.2 63.0 75.2
Duration of use of cleaning/disinfecting products in the workplace
< 1h/day 68.9 85.5 82.7 57.8 33.8
1-4 h/day 22.2 11.1 12.5 31.0 40.6
>4 h/day 8.87 3.38 4.83 11.2 25.7
Use of respiratory protection
<1 day/week 56.2 63.6 71.8 52.5 28.4
1-3 days/week 104 17.8 4.58 3.40 114
4-7 days/week 334 18.6 23.7 44.1 60.2
hand washing with disinfectants at work
<1 times/day 9.23 11.6 19.9 6.03 4.77
1-3 times/day 6.57 8.64 15.5 3.80 2.57
4-10 times/day 19.6 23.3 32.8 14.5 15.4
> 10 times/day 64.6 56.5 31.8 75.6 77.3
hand washing with disinfectants during surgical disinfection
<1 times/day 72.5 76.8 87.0 76.5 26.8
1-3 times/day 8.73 10.4 4.33 5.68 17.1
4-10 times/day 8.49 7.19 5.09 6.57 24.4
> 10 times/day 10.3 5.56 3.56 11.2 31.7
Exposure to surgical fumes
<1 day/week 93.4 95.3 99.2 99.2 57.4
1-3 days/week 3.07 3.34 0.00 0.58 14.3
4-7 days/week 3.50 1.37 0.76 0.18 28.3
Anesthetic administration
<1 day/week 83.4 85.5 97.2 91.9 28.8
1-3 days/week 7.26 10.1 1.78 4.07 12.1
4-7 days/week 9.40 4.36 1.02 4.02 59.1
Chemical spill clean-up 11.2 6.20 30.0 7.55 34.3

Note: Results are presented as %, unless otherwise specified.

workers, the US study [17] found associations between a cluster
similar to our C2 with asthma attacks and exacerbations. This
cluster was characterized by laboratory staff alongside nurses’
assistants working in hospitals and laboratories. They fre-
quently used alcohol and bleach linked to laboratory work or
material preparation.

We observed frequent use of sprays and wipes, but daily use of
sprays was slightly more common than use of wipes. This was
the case for all participants, as well as for clusters C2, C3, and
C4. Previous studies have reported associations between the use
of both sprays and wipes and asthma [38, 39] This underlines
the diversity of products and the importance of exposure routes.
Sprays have long been studied and their respiratory health risks
are well documented, with consistent associations with asthma
in multiple reports [22, 23, 55]. They are notable for their ability
to disperse airborne particles for inhalation. Interest in wipes is
more recent [38, 39]. Ready-to-use wipes can lead to the use of

large quantities of compounds on small surfaces. Even if less
aerosols are emitted, there have been reports of relationships
between wipe use and an increase in asthma symptoms [39].
Lastly, use of green/organic products was less common (< 10%
of daily use in all clusters, with the highest use in C3 and C4).
Although green products may seem less harmful, their frequent
use has been reported to be associated with asthma symptoms,
although the association may be weaker than with conventional
products [39].

We also observed that 30% of participants in C2 had ever carried
out chemical spill cleaning in line with the increased risk of
asthma reported in cleaning chemical spills [56] and the acute
irritant-induced asthma caused by accidental exposure to high
chemical concentrations [57]. We also observed sex differences
in associations with asthma symptoms score: C3 was associated
with a higher score only in women, with a significant sex
interaction. This may reflect previously reported gender
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TABLE 5 |

Associations of occupational exposure patterns to DCPs with current asthma and asthma symptoms score.

OR [95% CI]

Current asthma n total/n with current asthma p value
All 4382/383
C1 1877/145 1 [Ref]
C2 353/33 1.27 [0.85;1.90] 0.24
C3 1851/167 1.15 [0.91;1.47] 0.25
C4 480/38 1.03 [0.70;1.52] 0.88
Women 3835/312
C1 1555/106 1 [Ref]
C2 288/24 1.06 [0.71;1.58] 0.79
C3 1744/155 1.22 [0.99;1.51] 0.07
c4 408/27 0.93 [0.64;1.35] 0.71
Men 764/71
C1 415/39 1 [Ref]
C2 78/9 1.19 [0.63;2.25] 0.60
c3 209/12 0.85 [0.52;1.38] 0.51
c4 94/11 1.13 [0.61;2.08] 0.70
Interaction test 0.12
Asthma symptom score n MSR [95% CI]
All 4478
C1 1970 1 [Ref]
c2 366 1.22 [0.98; 1.53] 0.08
C3 1953 1.10 [0.96; 1.25] 0.17
c4 502 1.05 [0.85; 1.30] 0.64
Women 3734
C1 1555 1 [Ref]
C2 288 1.31 [1.02; 1.68] 0.03
C3 1744 1.18 [1.03; 1.36] 0.02
c4 408 1.04 [0.82; 1.30] 0.77
Men 744
C1 415 1 [Ref]
C2 78 0.87 [0.50;1.52] 0.64
C3 209 0.61 [0.40; 0.92] 0.02
c4 94 1.13 [0.69; 1.83] 0.64
Interaction test < 0.0001

Note: Odds ratios (OR) were estimated by logistic regression adjusted on age, sex, smoking habits, and body mass index, whereas mean score ratios (MSR) were estimated
by negative binomial regressions adjusted on age, sex, smoking habits, and body mass index. Bold values indicate statistical significance.

differences [7] in terms of exposure and effect of using DCPs
that could be partly explained by disparities in jobs and tasks
between genders, even in the same job [58]. In addition, C3
was the cluster with the highest proportion of women. C3 was
associated with a lower symptom score in men. This was not an
expected result. However, excluding participants with child-
hood onset asthma, the inverse association between C3 and
asthma symptom score in men was no longer observed, sug-
gesting a potential healthy worker hire effect in men. In con-
trast, the association between C3 and asthma symptom score in
women remained unchanged. A stronger healthy worker effect

has been suggested in men as it can be easier to switch jobs
following a deterioration in health status [59].

Moreover, we did not find any associations with C4, which was
the most exposed cluster in terms of frequency, duration and
quantity of products. The finding of no associations with the
most exposed cluster also suggests a healthy worker bias, as
already discussed in previous studies [59-62]. As these occupa-
tions are highly exposed to DCPs, it is possible that participants
suffering from asthma or respiratory symptoms stopped working
or did not choose this job. Our clusters were identified based on
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current jobs; considering exposure in a previous job could
potentially limit the healthy worker effect bias by identifying
people who have changed jobs following asthma onset. However,
we identified similar clusters based on the longest occupied job
and we found comparable associations between asthma out-
comes. These results should be interpreted carefully, because 86%
of current held job were also the longest held job. Both popula-
tions may not be dissimilar enough to observe different results.

Our results emphasize the need to prevent and limit exposure to
DCPs among healthcare workers. It may be recommended
[11, 63], first, to reduce the use of substances with well-
characterized respiratory toxic effects favoring nonchemical alter-
native (e.g., microfiber cleaning technologies, ultraviolet, ozonated
water) that may maintain antimicrobial efficacy while minimizing
chemical toxicity. Second, targeted education for healthcare
workers should be provided to ensure awareness of specific risks
associated with various DCPs, promote adherence to proper usage
guidelines, and improve the labeling of products that may cause
irritation or sensitization. Third, implementing ventilation mea-
sures and reducing spray application by, for instance, wetting
cleaning cloths before surface disinfection, can limit aerosolization
and consequent inhalation risks. Finally, establishing clearer pro-
tocols to prevent overexposure or inadvertent mixing of cleaning
products, combined with the proper use of personal protective
equipment (e.g., gloves and appropriate respiratory protection),
may further protect healthcare worker by minimizing direct con-
tact and inhalation of potentially harmful agents.

In conclusion, we identified four distinct clusters of occupa-
tional exposures to DCPs among healthcare workers, reflecting
the diversity of healthcare jobs, in particular nursing, and
highlighting various exposure patterns. Two of these clusters,
including laboratory staff who are a poorly documented popu-
lation, were positively associated with asthma symptoms in
women. Overall, our study underscores the importance of de-
tailed exposure assessment, given the multidimensional aspect
of exposures, in understanding occupational respiratory health
risks for workplace safety.
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