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ABSTRACT
Background: Using disinfectants and cleaning products (DCPs) at home and work is known to influence both the onset and 
course of asthma, but most epidemiological studies did not consider the multiplicity and correlations of exposures to DCPs. We 
aimed to identify exposure profiles for the long-term weekly use of DCPs by latent class analysis (LCA) and assess their associ-
ations with asthma.
Methods: LCA was conducted on data from 1143 young adults initially recruited in the German centers of Phase II of the 
International Study of Asthma and Allergies in Childhood (ISAAC) and followed up three times. In our LCA model, we included 
the use of cleaning sprays, disinfectant sprays, and nonspray disinfection methods, measured at ages 19–24 (first assessment) 
and 29–34 years (second assessment). Associations between identified exposure profiles and current as well as incident asthma/
wheeze were evaluated by logistic regression.
Results: We identified five long-term exposure profiles to DCPs (latent classes): no weekly use of DCPs (55% of participants), use 
in first assessment (7%), use in second assessment (18%), persistent use (8%), and persistent cleaning sprays use (12%). Compared 
to “no weekly use,” being in the “persistent use” profile was associated with both current asthma (OR = 1.68, 95% CI = [0.48–
5.88]) and current wheeze (OR = 1.71, 95% CI = [0.75–3.90]). For incident asthma/wheeze, interval estimates were very wide.
Conclusions: Our study identified five distinct long-term exposure profiles to DCPs. Among those, only a persistent weekly use 
of multiple DCPs over time seemed to have an adverse effect on asthma. However, large confidence intervals indicate consider-
able uncertainty.
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1   |   Introduction

With nearly 300 million individuals affected worldwide [1], 
asthma is among the most prevalent chronic respiratory dis-
eases resulting in a considerable burden to individuals and 
societies alike [2]. Various environmental and occupational 
factors have been identified as influencing both the onset 
and the course of asthma [3]. Among these factors, disinfec-
tants and cleaning products (DCPs), widely used at home and 
in some occupational settings, could contribute to the global 
burden of asthma [4–6].

In epidemiological studies evaluating the respiratory health 
risks of using DCPs at work [5], occupational exposures to disin-
fectants [7–9], as well as sprayed DCPs [10–13], were associated 
with both incident [7, 10, 11] and current asthma [8, 9, 12, 13]. 
Considering that several DCPs used in the workplace are also 
commonly used at home, an increasing number of epidemiolog-
ical studies investigated to what extent household use of DCPs 
might affect asthma [6]. Overall, these studies have shown an 
association of a short-term use of DCPs (i.e., one assessment rep-
resenting the use in the last 12 months) containing respiratory 
irritants (i.e., bleach, acids, solvents, and ammonia) [14–17] or 
those used in a spray form [16, 18–20] with both incident [15, 18] 
and current asthma [14, 16, 17, 19, 20]. So far, only one of them 
investigated the adverse effects of long-term use of DCPs (i.e., 
two assessments separated by 8 years apart, both representing 
the use in the last 12 months) [21]. In the “Epidemiological study 
on the Genetics and Environment of Asthma” (EGEA), a per-
sistent and increased use of irritants/sprays from the first to the 
second assessment was associated with a higher risk of asthma 
symptoms, while a decreased use was associated with a lower 
risk of asthma symptoms [21].

Cleaning at home and work implies the simultaneous use of mul-
tiple DCPs, leading users to be exposed to a mixture of chemical 
ingredients and application modes (i.e., liquid, spray, and wipe) 
[5, 22]. However, most epidemiological studies did not consider 
the multiplicity and correlations of exposures to DCPs because 
the occupational or household use of DCPs was self-reported by 
questionnaire [7–10, 12, 14–21], where exposures were not mu-
tually exclusive. Recently, the identification of homogeneous 
groups of exposures with clustering methods was suggested to 
consider the multiplicity and correlations of exposures to DCPs 
[23]. To our knowledge, only one study has been realized to iden-
tify exposure profiles for the use of DCPs using a cluster analy-
sis [24], and assessed their associations with asthma [25]. The 

authors concluded that combined use of several disinfectants 
could induce a higher risk of asthma symptoms among health-
care workers [25]. Therefore, more longitudinal epidemiological 
studies using innovative clustering methods to assess and syn-
thesize information regarding occupational and household long-
term use of DCPs are needed in order to study more accurate 
adults' exposure to DCPs and to improve the characterization of 
their respiratory health effects.

Based on longitudinal data from the Study on Occupational 
Allergy Risks (SOLAR), the objectives of this study were to (i) 
identify exposure profiles for the long-term weekly use of DCPs 
over 10 years by performing a latent class analysis (LCA), and (ii) 
assess the associations between the identified exposure profiles 
and current as well as incident asthma/wheeze.

2   |   Methods

2.1   |   Population

SOLAR is a population-based epidemiological cohort estab-
lished to investigate the course of asthma and allergies over 
more than 20 years and their associations with environmental, 
occupational, and psychosocial health risk factors from child-
hood to adulthood [26, 27]. At baseline, participants living in the 
German cities of Munich or Dresden were recruited for Phase II 
of the International Study of Asthma and Allergies in Childhood 
(ISAAC Phase 2, 1995–1996, n = 6399 German participants aged 
9–11 years) [28]. Dresden and Munich were initially selected to 
compare children from the former East and West of the recently 
reunified Germany. SOLAR consists of three follow-ups of the 
ISAAC study: SOLAR 1 (2002–2003, n = 3785 participants aged 
16–18 years), SOLAR 2 (2007–2009, n = 2051 participants aged 
19–24 years), and SOLAR 3 (2017–2018, n = 1359 participants 
aged 29–34 years). Standardized questionnaires collected socio-
demographic data, information on respiratory health, and occu-
pational and household use of different DCPs (only at SOLAR 
2 and 3). Our study was performed on the 1143 adults who par-
ticipated in all four study phases (Figure 1) because, for those 
without participation in SOLAR 2 or SOLAR 3, half of the infor-
mation on DCPs would have been completely missing.

All study phases were approved by the Ethical Committees 
of the Medical Faculty of the University of Dresden (Number: 
EK960720 02, EK380220 07, EK2871120 07, and EK163042015) 
and the Bavarian Chamber of Physicians (Number: 02071, 

FIGURE 1    |    For each of the four study phases, a box describes the time period of data collection, the age range, and the number of participants at 
data collection.
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7/07101, mb BO 17015). Written informed consent, also for 
linking data across study phases, was obtained from all partic-
ipants (SOLAR 1 to 3) or their legal guardians (ISAAC Phase 2, 
SOLAR 1).

2.2   |   Weekly Use of DCPs

Occupational and household use of DCPs was recorded 
at SOLAR 2 and 3 based on questions from the European 
Community Respiratory Health Survey (ECRHS) [18, 29]. No 
information was available for ISAAC Phase 2 and SOLAR 1. 
In the SOLAR 2 and 3 questionnaires, participants declared 
their current use at home or work of several DCPs in four fre-
quency categories (never, less than 1 day/week, 1–3 days/week, 
and 4–7 days/week). For each of the two study phases, we spe-
cifically estimated the weekly use of cleaning sprays (maximum 
frequency of use of furniture, glass, carpets/curtains, oven, and 
ironing), disinfectant sprays, nonspray disinfection methods 
(maximum frequency of use of hand, machine, surfaces, floor, 
and other methods), and air freshener sprays. In our analy-
ses, we combined the categories “never” and “less than 1 day/
week” to define the reference group “no weekly use”, and the 
categories “1-3 days/week” and “4-7 days/week” to define the 
exposed group “weekly use”, as commonly done [14–21]. These 
four binary variables (“no weekly use” and “weekly use”) per 
study phase were considered in LCA modeling. Information on 
nonspray cleaning agents used was not available, nor was the 
amount of DCPs.

2.3   |   Current Asthma/Wheeze and Incident 
Asthma/Wheeze

We defined current asthma at SOLAR 3 as reporting physician-
diagnosed asthma, and either having wheeze without a cold or 
an asthma treatment in the past 12 months. We also defined 
current wheeze at SOLAR 3 as reporting wheeze without a 
cold or an asthma treatment in the past 12 months, regardless 
of whether they declared or not a physician-diagnosed asthma. 
Current asthma is therefore a more specific definition and cur-
rent wheeze is a more sensitive definition of asthma [15]. In 
our analyses, we compared participants with current asthma/
wheeze to those with “no physician-diagnosed asthma”/“no 
current wheeze” at SOLAR 3, respectively. Participants with re-
mittent asthma at SOLAR 3 (i.e., asthma diagnosed but without 
wheeze and without asthma treatment) were excluded from the 
analyses related to current asthma.

Based on the current asthma/wheeze status at each of the four 
study phases, we studied the incidence of asthma/wheeze be-
tween SOLAR 2 and SOLAR 3. Participants who did not re-
port physician-diagnosed asthma/current wheeze from ISAAC 
Phase 2 to SOLAR 2, but gave a positive answer in the SOLAR 
3 questionnaire were classified in the “incident asthma”/“in-
cident wheeze” group, respectively. In our analyses, we com-
pared participants with incident asthma/wheeze to those with 
“no physician-diagnosed asthma”/“no current wheeze” from 
ISAAC Phase 2 to SOLAR 3, and those with remittent asthma 
(physician-diagnosed asthma before SOLAR 3)/wheeze (current 
wheeze before SOLAR 3) were excluded.

2.4   |   Statistical Analysis

An LCA is a statistical approach that allows determination of 
a set of (not directly observed) latent classes within a hetero-
geneous population based on response patterns to observed 
variables (indicators) used in the model [30, 31]. The latent 
classes identified in our study correspond to exposure profiles 
for the long-term weekly use of DCPs. When conducting LCA, 
a final model needs to be selected from various candidate 
models, which includes the selection of indicator variables and 
the number of latent classes. Candidate models must be iden-
tified, that is, the global maximum-likelihood solution must 
have been found. We evaluated identification by repeating es-
timation for every model with 100 random sets of starting val-
ues. If at least 50%–60% led to the best solution available from 
the 100 repetitions, we were reasonably certain to have found 
the global maximum-likelihood solution (Table S1) [30]. The 
final model was chosen based on parsimony (if two models are 
basically the same, choose the simpler one), interpretability 
(latent classes should make sense), and statistical criteria. Our 
final model included six binary variables (“weekly use” vs. 
“no weekly use”) as indicators for the use of cleaning sprays, 
disinfectant sprays, and nonspray disinfection methods mea-
sured at SOLAR 2 and 3. Statistical criteria provided a first 
indication of a reasonable number of latent classes. However, 
although the four-class solution had the lowest Bayesian in-
formation criterion (BIC), we selected the five-class solution 
as our main model because it allowed us to identify and study 
one additional relevant and interpretable exposure profile 
and was the one with the lowest Akaike information criterion 
(AIC, Table S1). Another LCA candidate model included two 
additional binary variables for the use of air freshener sprays 
at both study phases. The use of air fresheners appeared to 
follow similar usage patterns to those observed for cleaning 
sprays, so this additional model yielded the same five-class 
solution previously identified with our main model and we 
did not select it in favor of parsimony. As multiple imputations 
were performed to address missing values on the indicators, 
we recalculated the selected five-class LCA model in each of 
the 20 imputed datasets and pooled the results. In order to 
assess the associations between the exposure profiles (latent 
classes) and asthma, participants needed to be individually 
assigned to one latent class. To consider the uncertainty of 
classification, we drew 20 random values from the individual 
classification probabilities, that is, the probabilities of a cer-
tain participant being in a certain latent class, and pooled the 
results of the 20 draws [32].

Associations between the identified exposure profiles by LCA 
for the long-term weekly use of DCPs with current asthma/
wheeze and incident asthma/wheeze were evaluated by logis-
tic regression models. All models were adjusted for potentially 
confounding factors based on a scientific literature review 
[5, 6, 8, 15], that is, sex (men, women), age (continuous), smok-
ing status (never smokers, past smokers, and current smokers), 
study center (Munich, Dresden), and socioeconomic status 
(SES: low: < 12 years of school attendance and high: ≥ 12 years 
of school attendance [27]). Models for current asthma/wheeze 
at SOLAR 3 were further adjusted for current asthma/wheeze 
at SOLAR 2, respectively. In a sensitivity analysis, associations 
were additionally adjusted for occupational exposure to other 
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asthmagens since SOLAR 1 (instead of SES). It was estimated 
with the occupational asthma-specific job-exposure matrix 
(OAsJEM) [33] and studied by a binary variable (no occupa-
tional exposure to any asthmagens or occupational exposure to 
only high-level chemical disinfectants/indoor cleaning/bleach, 
and occupational exposure to other asthmagens including or 
not high-level chemical disinfectants/indoor cleaning/bleach). 
Likewise, we additionally adjusted for parental asthma (no pa-
rental asthma and maternal and/or paternal asthma). In addi-
tion, analyses with current asthma/wheeze were stratified by 
sex as susceptibility to DCP exposure might be different and to 
verify if associations were more pronounced in women than in 
men, considering that women are generally more involved in 
household tasks [19] and often choose occupations that imply 
using DCPs (i.e., nurses and cleaners) [5]. Analyses were also 
stratified by rhinoconjunctivitis symptoms (proxy of allergic 
status: no or yes) to verify if associations were more pronounced 
in participants without rhinoconjunctivitis symptoms, consid-
ering that DCPs might contain respiratory irritants that can 
affect asthma through non–immunoglobulin E–related mecha-
nisms [5, 34–37]. We pooled the coefficients and their standard 
errors for each regression model across imputed datasets to ob-
tain a single estimate, based on Rubin's rules [38], from which 
we calculated the odds ratio (ORs) and the 95% confidence in-
terval (95% CI).

We carried out an additional analysis to study the observed 
long-term weekly use of DCPs (instead of underlying LCA ex-
posure profiles) in association with current asthma/wheeze, 
as previously realized in the French EGEA cohort [21]. For 
this analysis, we evaluated the long-term weekly use of each 
DCPs studied at SOLAR 2 and 3 with a three-class variable (no 
weekly use at both study phases, persistent use, i.e., weekly 
use at both study phases, and increased use, i.e., weekly use 
at SOLAR 3 but not at SOLAR 2), and the decreased use with 
a binary variable (persistent use, as above, and decreased use, 
i.e., weekly use at SOLAR 2 but not at SOLAR 3) [21].

All analyses were performed using the statistical analysis soft-
ware R (Version 4.1.1) [39], including LCA (poLCA package 
[40]) and multiple imputation (MICE package [41]).

3   |   Results

Participants were on average 32 years old at SOLAR 3, 63% were 
women, 25% were current smokers, 63% had a high SES, 57% 
lived in Dresden, 50% had an occupational exposure to other 
asthmagens, 35% had rhinoconjunctivitis symptoms, and 9% 
reported parental asthma (Table S2). As for respiratory health, 
7%/10% of participants reported current asthma/wheeze at 
SOLAR 3 and 3%/5% reported incident asthma/wheeze be-
tween SOLAR 2 and SOLAR 3, respectively. Regarding indi-
cators included in our LCA model, between 10% and 30% of 
participants used DCPs at least weekly (Table  1). The prev-
alence of current asthma and current wheeze was higher in 
men than in women (Table  S2). In addition, compared with 
men, women had less often occupational exposure to other 
asthmagens, but they had a higher weekly use of DCPs at 
SOLAR 2 and 3 (Table S2).

3.1   |   Exposure Profiles for the Long-Term Weekly 
Use of DCPs

Five long-term exposure profiles to DCPs were identified by 
LCA (Figure 2 and Table S3), which are defined by the proba-
bilities of weekly use of DCP indicator variables (i.e., cleaning 
sprays, disinfectant sprays, and nonspray disinfection methods 
at SOLAR 2 and 3). Latent Class 1 (LC 1, latent class prevalence: 
55%) corresponds to an exposure profile in which participants 
did not have a weekly use of DCPs at both study phases. Latent 
Class 2 (LC 2, 12%) represents an exposure profile in which par-
ticipants had a persistent weekly use of only cleaning sprays at 
both study phases. Latent Class 3 (LC 3, 7%) corresponds to an 
exposure profile in which participants had decreased their use 
of DCPs between SOLAR 2 and SOLAR 3. Latent Class 4 (LC 4, 
18%) represents an exposure profile in which participants had 
increased their use of DCPs between SOLAR 2 and SOLAR 3. 
Latent Class 5 (LC 5, 8%) corresponds to an exposure profile in 
which participants had a persistent use of DCPs at both study 
phases.

We observed differences in the distributions of sociodemo-
graphic and respiratory health characteristics by latent classes 
(Table  2). LC 5 (“Persistent use”) had the highest proportion 
of women, current smokers, and participants with occupa-
tional exposure to other asthmagens, while SES was the lowest. 
Furthermore, the prevalence of current asthma/wheeze as well 
as incident asthma/wheeze was the highest in LC 5. Among the 
remaining latent classes, the relative frequencies of participants 
grouped in LC 3 (“Decreased use”) were the closest to those of 
LC 5.

3.2   |   Associations Between Exposure Profiles 
and Asthma

Regarding the associations between the identified exposure 
profiles, current asthma/wheeze, and incident asthma/wheeze 
(Figure  3), we found that membership in LC 5 (“Persistent 

TABLE 1    |    Observed frequency of weekly use of DCPs at SOLAR 2 
and 3 in the study population (n = 1143).

Variable SOLAR 2 n (%) SOLAR 3 n (%)

Weekly use of 
cleaning sprays

149 (13.5) 150 (13.4)

Missing values 40 24

Weekly use of 
disinfectant sprays

145 (12.9) 230 (20.4)

Missing values 20 14

Weekly use 
of nonspray 
disinfection methods

180 (16.6) 318 (28.5)

Missing values 60 29

Note: The frequencies of weekly use were calculated on the total number of 
nonmissing cases.
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use”), compared to LC 1 (“no weekly use”), was associated 
with both current asthma (OR = 1.68, 95% CI = [0.48–5.88]) 
and current wheeze (OR = 1.71, 95% CI = [0.75–3.90]), but 
these associations were not statistically significant. Results 
were consistent when we further adjusted our models for oc-
cupational exposure to other asthmagens and parental asthma 
(Table S4). Given that most estimates were unreliable (i.e., 95% 
CI = [0.00-large]) in stratified analyses (Table  S5), we could 
not compare associations obtained in men and women, nor for 
participants with and without rhinoconjunctivitis symptoms. 
In stratified analyses by sex, ORs obtained for the associations 
between LC 4 and current wheeze were smaller in women 
than in men with wide CI.

In the additional analysis considering the observed long-term 
weekly use of DCPs (instead of underlying LCA exposure 
profiles) and asthma (Table  S6a,b), only a persistent use of 
nonspray disinfection methods was associated with current 
wheeze (OR = 1.59, 95% CI = [0.80–3.16]), albeit not statistically 
significantly.

4   |   Discussion

In the present study, LCA conducted on SOLAR longitudinal 
data identified five exposure profiles for the long-term weekly 
use of cleaning sprays, disinfectant sprays, and nonspray dis-
infection methods over a period of 10 years, namely, no weekly 
use of DCPs, persistent weekly use of cleaning sprays, decreased 
weekly use of DCPs, increased weekly use of DCPs, and per-
sistent weekly use of DCPs. Among the identified exposure pro-
files, only a persistent weekly use of multiple DCPs over time 
seemed to be associated with current asthma, while the other 
exposure profiles were not. However, large CIs indicate consid-
erable uncertainty. Associations remained similar after further 
adjustments for occupational exposure to other asthmagens and 

parental asthma. Regarding associations with incident asthma/
wheeze, we observed wide interval estimates which did not 
allow us to draw any conclusions. Similarly, from the stratified 
analyses, we could not conclude a difference across sex and aller-
gic status (i.e., rhinoconjunctivitis symptoms) due to wide CIs.

4.1   |   Comparison With Similar Studies

Most previous epidemiological studies examined the impact on 
asthma attributed to the observed (instead of the underlying pat-
terns) short-term use of DCPs (i.e., one assessment representing 
the use in the last 12 months) [7–10, 12, 14–20]. Only a few stud-
ies assessed the underlying profiles for the short-term exposure 
to DCPs [25] or the observed long-term use of DCPs [21]. In our 
study, we identified underlying exposure profiles for the long-
term use of DCPs with two assessments 10 years apart using 
LCA and investigated their associations with asthma.

The underlying profiles for short-term exposure to DCPs were 
studied by Su and colleagues through the identification of five 
exposure profiles for cleaning and disinfecting activities by 
cluster analysis among healthcare workers [25]. These expo-
sure profiles (clusters) were characterized by “no products,” 
“housekeeping/chlorine,” “patient care,” “general cleaning/
laboratory,” and “disinfection products”. In contrast, our expo-
sure profiles included both occupational and household use of 
DCPs and were established based on longitudinal data from a 
population-based cohort. Due to these differences, the underly-
ing exposure profiles are difficult to compare. Nevertheless, de-
spite the differences in methods, both studies suggested that the 
use of multiple DCPs may negatively impact asthma.

In another population-based cohort [21], the observed long-
term household use of DCPs (i.e., two assessments separated by 
8 years apart, both representing the use in the last 12 months) was 

FIGURE 2    |    Probabilities of weekly use of DCPs at SOLAR 2 and 3 according to exposure profiles. Each subplot shows the probabilities of week-
ly use of cleaning sprays, disinfectant sprays, and nonspray disinfection methods with their respective 95% confidence interval at SOLAR 2 and 
3 for one latent class. Prevalence of each exposure profile (latent class), with their respective 95% confidence interval, is shown under their label. 
Numerical values are displayed in Table S3. poLCA calculated an entropy between 2.40 and 2.50 for the models based on the 20 imputed datasets.
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evaluated, considering no use, decreased use, persistent use, and 
increased use over time. In that study, a persistent and increased 
use of irritants and sprays (compared to no weekly use) elevated 
the risk of asthma symptoms, while a decreased use (compared 
to a persistent use) lowered the risk. We also observed limited 
evidence for an association between a latent class describing a 
persistent use of DCPs and current asthma. However, since we 
studied underlying exposure profiles using LCA, comparability 
was limited. Therefore, we performed an additional analysis 
with similar exposure variable definitions. We observed that a 
persistent use of nonspray disinfection methods (compared to no 
weekly use) was associated with current wheeze, but we did not 
find an association between a persistent use of cleaning sprays 
and current asthma/wheeze. This difference may be attributed 
to a lower prevalence of cleaning sprays use in SOLAR (partly 
explained by sociodemographic characteristics) and the use of 
a slightly different definition of cleaning sprays, which includes 
also occupational use and did not consider some types of sprays 
(e.g., cleaning floor sprays and air fresheners sprays) [21]. Still, 
both studies suggested that a persistent use of DCPs over time 
may have adverse effects on asthma.

4.2   |   Strengths and Limitations

The main strength of our study is the use of longitudinal data 
from the SOLAR study in which we studied a relevant time 
period to assess the long-term weekly use of DCPs and its im-
pact on asthma. Indeed, participants might start using DCPs 
when having their first job and living on their own in their 
20s [15], whereas they might have a regular use for years when 
they are in their 30s. However, the exposure to DCPs relied on 

self-reported data collected by questionnaire, which could have 
both induced differential and nondifferential misclassifica-
tion bias [42]. On the one hand, participants with asthma are 
generally more vigilant toward exposures that can affect their 
health, so they report more precisely the DCPs they use than 
participants without asthma, which could lead to differential 
misclassification bias. On the other hand, participants, whether 
they have asthma or not, do not properly report their exposure 
to certain DCPs because they do not know their exact composi-
tion, which could lead to a nondifferential misclassification bias 
resulting in an underestimation of the ORs evaluated. Using an 
LCA helped to a certain extent to deal with exposure misclassi-
fication, as a latent class model assumes that the observed use 
of DCPs is caused by the underlying latent variable (i.e., expo-
sure profiles), as well as error terms [30]. Nonetheless, it would 
be essential to develop more objective methods to assess both 
household and occupational exposure to DCPs. In addition, the 
assessment of asthma and the use of DCPs at only two surveys 
separated by 10 years did not allow us to account for potential 
changes in the meantime, which could lead to misclassification 
errors in both outcome and exposure. Also, it was not possible 
to distinguish household and occupational use of DCPs, so we 
cannot conclude the contribution of household and occupational 
use to the current asthma risk. Although we selected a relatively 
large study population for our analyses (n = 1143), the primary 
findings regarding the associations between exposure profiles 
for the long-term weekly use of DCPs and asthma outcomes are 
not statistically significant. We believe the low prevalence of 
weekly use of DCPs (ranging between 13% and 28%) contributed 
to the lack of statistical significance in several analyses. Also, 
due to low numbers, we could not investigate associations with 
persistent or remittent asthma [15]. Over the decades, SOLAR 

FIGURE 3    |    Associations of the identified exposure profiles with current asthma/wheeze and incident asthma/wheeze. LC 1: No weekly use; LC 
2: Persistent cleaning sprays use; LC 3: Decreased use; LC 4: Increased use; LC 5: Persistent use. Adjusted odds ratios (ORs) for sex, age, smoking 
status, study center, and socioeconomic status, presented with their 95% confidence interval [95% CI] were estimated by logistic regression models. 
Models for current asthma/wheeze at SOLAR 3 were further adjusted for current asthma/wheeze at SOLAR 2, respectively. The arrow on the upper 
CI means that the value is larger than 10, that is, the x-axis upper limit. Associations with current asthma were performed on 1003 to 1008 partici-
pants (from the 20 imputed datasets) with the remaining ones being excluded due to remittent asthma. Associations with current wheeze were per-
formed on 1143 participants. Associations with incident asthma were performed on 911 to 920 participants (from the 20 imputed datasets), and those 
with incident wheeze were performed on 860 to 870 participants (from the 20 imputed datasets) with the remaining ones being excluded due to re-
mittent asthma/wheeze, respectively. Participants with current asthma/wheeze were compared to those with no current asthma/wheeze at SOLAR 
3. Participants with incident asthma/wheeze were compared to those with no asthma/wheeze from ISAAC Phase 2 to SOLAR 3.
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experienced a substantial loss in follow-up. Indeed, from ini-
tially 6399 participants in the ISAAC Phase 2 cohort, only 1359 
participated in the third follow-up SOLAR 3 (Figure  1). We 
further had to restrict our analysis to the 1143 cohort members 
who participated in both SOLAR 2 and SOLAR 3 in order to be 
able to estimate long-term exposure profiles. In nonresponder 
analyses, follow-up participants were more often women, with 
a higher socioeconomic status, smoked less, and tended to have 
more asthma and allergic symptoms [26, 27]. Finally, as our 
study population included German young adults, with a rela-
tively high socioeconomic status, and recruited only in the cities 
of Munich or Dresden, our results must be extrapolated to the 
general population with caution. Therefore, it would be interest-
ing to assess the associations between exposure profiles for the 
long-term weekly use of DCPs and asthma in other population-
based cohorts in which participants have a higher prevalence of 
weekly use of DCPs at different surveys.

We were the first to identify distinct and relevant long-term ex-
posure profiles to DCPs by LCA, which constitutes a promising 
approach to provide a more accurate understanding of individ-
uals' exposure to DCPs. Although LCA is sometimes called a 
hypothesis-free method [30, 31], the latent classes established 
are influenced by the indicators included in the LCA models. 
Therefore, we considered several sets of indicators to assess the 
variability between different sets. Another strength is the draw 
of 20 random values to consider the uncertainty of class assign-
ment, as well as the use of multiple imputations to account for 
missing data. Lastly, despite observing quantitative differences 
between men and women in the weekly use of DCPs, our se-
lected LCA model contains the assumption that the same expo-
sure profiles should be observed in both sexes.

5   |   Conclusion

In conclusion, distinct exposure profiles for the long-term 
weekly use of DCPs were identified by LCA, which constitutes 
a promising approach to enhance our understanding of adults' 
exposure to DCPs. Among the identified exposure profiles, only 
a persistent weekly use of multiple DCPs over time seemed to 
have an adverse effect on asthma. However, large CIs indicate 
considerable uncertainty. Future longitudinal studies in other 
population-based cohorts should focus on repeated assessment 
of the use of DCPs at surveys separated by shorter time periods, 
in order to better characterize the long-term deleterious effects 
of using DCPs on asthma.
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