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Summary
Background—Dermatitis is an important health outcome for workers whose jobs put them in
contact with irritants or sensitizing agents.

Objectives—We conducted analysis of data from the Epidemiological Study on the Risk of
Asthma in Cleaning Workers 2 (EPIASLI2) study to assess worksites and cleaning products as
risk factors for hand dermatitis among professional cleaning workers.

Materials/Methods—We distributed 4 993 questionnaires to employees of 37 cleaning
companies and used data from 818 (16%) respondents who provided information about skin
symptoms and cleaning-related exposures. We assessed associations between the frequencies of
worksite and cleaning product exposures and a symptom-based definition of hand dermatitis
among current cleaning workers (n=693) and a comparison population (n=125).
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Results—Hand dermatitis was reported by 28% of current cleaning workers, versus 18% of the
comparison population, and was associated with cleaning outdoor areas and schools, and the use
of hydrochloric acid (prevalence ratio [PR]: 1.92, 95% confidence interval [CI]: 1.22, 3.02) and
dust mop products (PR: 1.75, 95% CI: 1.11, 2.75).

Conclusions—Professional cleaning workers may not be sufficiently protected from cutaneous
disease at work. Future research should further investigate the roles of multiple product exposures
and personal protective equipment.
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Introduction
Professional cleaning workers keep homes, hospitals, hotels, office buildings, restaurants,
schools, shopping areas, sidewalks, and other public and private spaces clean. The cleaning
activities they perform range from light tasks, such as dusting, sweeping, and vacuuming, to
specialized activities that require hazardous cleaning solutions, heavy equipment, and job
training (1,2).

Men and women in the cleaning industry routinely come into contact with a wide range of
hazards potentially responsible for causing occupational skin diseases. Professional cleaning
workers clean and sanitize surfaces that put their skin in contact with biological, chemical,
and physical hazards. The process of cleaning and disinfecting also exposes workers to a
range of cleaning products that varies widely according to the cleaning tasks and locations.
While some cleaning agents seem to be simple and relatively safe (e.g., soap and water,
vinegar), many contain preservatives, solvents, fragrances, and other compounds with well-
known irritating or sensitizing properties (3). In addition, cleaning may involve “wet work”
that may impair the epidermal barrier, allowing for skin irritation and sensitivity (4,5). To
reduce the risk of exposure to both the substances being cleaned and the cleaning products
themselves, workers may use gloves or other personal protective equipment that protect the
skin from hazardous exposures, but that may also exacerbate skin allergies or irritate the
skin.

Previous research provides evidence of an elevated prevalence of hand dermatitis among
cleaning workers in hospitals (6,7) and school buildings (8). We conducted the present study
to assess a wide range of worksites, cleaning activities, and cleaning products as risk factors
for hand dermatitis among men and women employed in the cleaning industry in the
province of Barcelona, Spain.

Materials and Methods
Study population and data collection

Epidemiological Study on the Risk of Asthma in Cleaning Workers 2 (EPIASLI2) was a
two-stage epidemiological study conducted to assess associations between cleaning work,
including specific worksites and exposures to cleaning products, and dermatological and
respiratory health symptoms (9). The study methods have been described previously (9).
Summarized briefly, between February and December 2008, 4 993 self-administered, paper-
and-pencil-style questionnaires were distributed to employees of 37 cleaning companies
operating in the province of Barcelona, Spain. Nine hundred and fifty questionnaires were
returned by mail; of those, 132 (14%) were excluded because they were incomplete or
lacked responses to key questionnaire items and the remaining 818 respondents constituted
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our final study population for analyses of the cross-sectional survey data. Following the
cross-sectional survey, 95 participants were recruited into a nested case-control study
designed to further assess associations between cleaning work and respiratory disease (10).
Data for the sub-study were collected when participants completed a clinical examination
and an interviewer-administered questionnaire. For 70 of the 95 participants (74%), the
clinical examination included an in-person skin health evaluation, therefore our final study
population includes additional data collection for a subset of 70. The study was approved by
the ethics committee of the Instituto Municipal de Asistencia Sanitaria (IMAS) and the
analytical plan for this analysis was also approved by the Institutional Review Board of the
Wake Forest School of Medicine.

Occupational exposures
Participants were categorized as working as cleaners at the time of their participation using
the questions “have you ever worked as a cleaner?”, “what position do you currently hold in
your company?”, and responses to a series of questions about cleaning worksites, activities,
and products used at work. As in previous analyses of EPIASLI2 data (9), respondents who
indicated that they currently work as cleaners and those with positive responses to any of the
questions about cleaning worksites, activities, and products in the last month were
categorized as “current” cleaning workers (n=693). Those who indicated that they had
worked, but do not currently work as a cleaner were categorized as “former” cleaning
workers (n=57). The remaining respondents were those who had never worked as cleaners
(n=68); this population includes office workers and other employees not performing
cleaning jobs. In this analysis, former cleaning workers and those who had never worked as
cleaners comprise the comparison population.

Respondents with positive answers to the series of questions about worksites (e.g., hospitals,
private homes, schools), activities (e.g., window cleaning), and products (e.g., ammonia,
bleach, glass cleaner) used in the last 12 months were then asked to estimate the frequency
of their work at these sites, performing these activities, or using these products, respectively,
during the last month. Glove use was accessed using a single questionnaire item: “how often
did you use rubber gloves during the last 12 months?” Whether the respondent cleaned his/
her own home was assessed with the question “do you do cleaning tasks in your home?”
Missing responses to these questions were re-assigned as negative responses – that is, not
using the specific cleaning product, use of rubber gloves less than once per week, and not
cleaning one’s own home.

Dermatitis and eczema
Participants reported whether they had a history of eczema or other skin allergy by
responding to the following question: “have you ever had eczema or other skin allergies?”
The questionnaire also included a series of questions developed by Coenraads et al. (11) and
Smit et al. (12) to assess the 12 month prevalence of symptoms of hand dermatitis or eczema
(hereafter referred to as “hand dermatitis”). The symptoms of hand dermatitis included the
following: (a) red and swollen hands or fingers, (b) red hands or fingers and fissures, (c)
vesicles on the hands or between the fingers, (d) scaling hands or fingers with fissures, and
(e) itching hands or fingers with fissures. Symptoms were then classified using the methods
described in Smit et al.; that is, participants were classified as having hand dermatitis if they
indicated that they had at least one of the symptoms in the last 12 months and that the
symptom(s) lasted more than 3 weeks or occurred more than once (12).

For 70 participants who completed the in-person clinic exam portion of the study,
questionnaire items included in the survey at the clinical examination were identical to those
included in the cross-sectional study described above. The clinical examination also
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included an in-person assessment by an occupational medicine physician with specialized
training in dermatology and evaluation of anonymised photographs of the hands, wrists, and
forearms by a dermatologist with expertise in contact dermatitis. The in-person assessment
was based upon a visual evaluation of the hands, wrists, and forearms and conversation with
the participant at the time of the exam. Evaluation of anonymised photographs occurred
after photographs of the fronts and backs of participants hands were taken at the time of the
exam. Photographs were taken with a Sony Cyber-shot® digital camera (model: DSC-W55),
from a distance of 50 cm, and the images were stored digitally and reviewed later. Each of
the 70 participants was classified as positive or negative for hand dermatitis independently
by the two clinicians. For cases in which the two assessments generated discrepant results,
the in-person and photographic assessments were re-evaluated together to reach a final
classification.

Statistical analysis
We estimated associations between each cleaning-related risk factor and hand dermatitis
using Poisson regression models, specified with a log link and robust error variance
estimation (13,14). Cleaning-related risk factors included employment as a current cleaner,
worksite, cleaning activities, and products used at work. Results for current cleaning were
generated using a single model estimating the prevalence of hand dermatitis among current
cleaning workers (n=693) compared to the prevalence of hand dermatitis among former and
never cleaning workers (i.e., the comparison population, n=125). Results for each worksite
were generated using two models. First, we used a model estimating the prevalence of hand
dermatitis among current cleaning workers who have and have not cleaned at the specific
type of worksite in the last 12 months compared to the prevalence of hand dermatitis in the
comparison population. In order for the estimates generated for the effect of cleaning at the
specific worksite within the last 12 months to include the full study population and to retain
the ability to directly contrast the estimates across worksites, the population that reported not
cleaning the specific type of worksite in the last 12 months is included in each model and the
results are presented. Effect estimates presented for the population not cleaning the specific
worksite within the last 12 months may be interpreted as the effect of currently cleaning, but
not cleaning at the specific worksite; the primary outcome of interest generated using these
models is the prevalence of hand dermatitis among current cleaning workers who reported
cleaning the specific worksite in the last 12 months relative to the prevalence of hand
dermatitis in the comparison population. Second, we used a model estimating the prevalence
of hand dermatitis with increasing frequency of work at the specific type of worksite in the
population of current cleaning workers who reported such work within the last 12 months
compared to the prevalence of hand dermatitis in the comparison population. Results for
analyses of work activities and use of cleaning products were generated using similar
models. All models were adjusted for age, country of birth (Spain versus other), sex, history
of eczema or other skin allergy, cleaning one’s own home, and frequency of glove use at
work (<1 day/week, 1-3 days/week, 4+ days/week). Associations are presented as
prevalence ratios (PRs) with 95% confidence intervals (CIs). All analyses were performed
using SAS™ version 9.1 (SAS Institute, Inc.).

In a second set of analyses, we used data collected at the time of the clinical examination
(n=70) to compare the classifications of hand dermatitis based on participants’ responses to
survey items about hand dermatitis with the classification based on the dermatologic
assessment. We considered the dermatological assessment as the gold standard and
calculated the sensitivity, specificity, positive predictive value, and negative predictive value
of the questionnaire-based classification of hand dermatitis.
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Results
Characteristics of the 818 study participants are shown in Table 1. Overall, the population of
current cleaning workers was slightly older (median age: 45 years) than the comparison
population (median age: 40 years), and included larger proportions of women (84% versus
74%) and individuals who clean their own homes (95% versus 83%). The percentage of
current cleaning workers with current asthma was slightly higher (11% versus 7%) and the
percentages of respondents with a history of eczema or other skin allergy were similar in the
two populations (29% versus 30%).

Of the individual skin symptoms included in our questionnaire, the most prevalent
symptoms reported were red hands or fingers with fissures (20%) among current cleaning
workers and scaling hands or fingers with fissures (9%) in the comparison population;
thirty-six percent (n=248) of the current cleaning workers and 22% (n=27) of the
comparison population reported one or more of the symptoms (Table 2). Overall, 28% of
current cleaning workers and 18% of the comparison population (former cleaners: 14%;
never cleaners: 21%) met our definition for hand dermatitis and the prevalence among
current cleaning workers was elevated compared to the comparison population (PR: 1.60,
95% CI: 1.03, 2.47) (Table 3). Like all our models, this estimate was generated using a
model adjusted for potential confounders selected a priori, as well as for cleaning one’s own
home (PR: 1.14, 95% CI: 0.56, 2.32) and the frequency of using rubber gloves at work (1-3
days/week versus <1 day/week: PR: 1.12, 95% CI: 0.78, 1.61; 4-7 days/week versus <1 day/
week: PR: 0.98, 95% CI: 0.74, 1.30) (data not shown).

Current cleaning workers cleaning outdoor areas (PR: 1.85, 95% CI: 1.16, 2.96), residential
building common areas (PR: 1.77, 95% CI: 1.11, 2.84), and schools (PR: 1.84, 95% CI:
1.15, 2.93), and those who reported cleaning up at a construction or renovation site (PR:
1.87, 95% CI: 1.18, 2.95) each reported significantly higher prevalences of hand dermatitis
compared to the comparison group (Table 3). For respondents working in residential
building common areas in the last 12 months, we observed a monotonic increase in the
prevalence of hand dermatitis from 24% among those who reported cleaning in a residential
building common area <1 day per week to 38% among those working 4+ days per week. A
similar increase was observed among respondents working in schools in the last 12 months,
where the prevalence of hand dermatitis increased from 22% to 43%.

Among current cleaning workers using specific cleaning products, the highest prevalences
of hand dermatitis were observed among those who reported moderately frequent (1-3 days
per week) use of hydrochloric acid (prevalence: 40%, PR: 1.73, 95% CI: 1.00, 2.99) and
dust mop products (prevalence: 36%, PR: 2.12, 95% CI: 1.22, 3.71) (Table 4). Relative to
the comparison group, elevated PRs were also observed among current cleaning workers
who reported frequent (4+ days per week) use of products, including ammonia (PR: 2.22,
95% CI: 1.26, 3.91), bleach (PR: 2.02, 95% CI: 1.20, 3.39), multi-use cleaning products
(PR: 2.24, 95% CI: 1.31, 3.83), and perfumed products (PR: 1.96, 95% CI: 1.18, 3.26). The
use of degreasing agents was associated with hand dermatitis, regardless of how frequently
it was used (<1 day per week: PR: 1.79, 95% CI: 1.04, 3.05; 1-3 days per week: PR: 1.85,
95% CI: 1.08, 3.14; 4+ days per week: PR: 1.77, 95% CI: 1.04, 3.02). When we assessed the
role of using multiple products, we found a monotonic increase in the prevalence of hand
dermatitis with increasing numbers of different cleaning products (Table 5).

When we compared the our survey-based definition of hand dermatitis to classifications
based upon dermatologic assessments in the sub-sample of 70, we found that using the
questionnaire-based definition, 49% of the sample was classified as having hand dermatitis,
compared to 24% when the definition was based on a dermatologic exam. Using the
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dermatologic exam classification as the gold standard, analysis of our questionnaire-based
definition generated a sensitivity of 0.82, a specificity of 0.62, a positive predictive value of
0.41, and a negative predictive value of 0.92.

Discussion
In these data, we identified groups of professional cleaning workers at elevated risk of hand
dermatitis. Our results extend previous findings from epidemiological research into skin
symptoms in cleaning workers (6-8) by reporting elevated risk among users of products
known to affect the respiratory tract and skin (1,15,16), providing evidence of increased risk
with increasing frequency of use, and generating increasing adjusted risk estimates for
workers performing a variety of tasks or using multiple products.

In addition to occupational risk factors, individual susceptibility factors such as atopy also
play a role in the prevalence of hand dermatitis. In our data, hand dermatitis was reported
among 39% more respondents with than without a self-reported history of eczema or other
skin allergy. Although our data collection was not designed to distinguish allergic from
irritant dermatitis, the cleaning-related exposures we identify here should be considered risk
factors for both. Indeed, the adjusted PR generated for current cleaning overall was similar
to those generated when the data were stratified by self-reported history of eczema or other
skin allergy (history: PR: 1.61; no history: PR: 1.57). These estimates and stratified
estimates for particular worksites and cleaning products (not shown) do not provide
sufficient evidence of effect modification by atopic status; improved information about
atopy and a larger sample size would have allowed us to more thoroughly explore this
potential effect modification. Nonetheless, any interventions aimed at reducing these
exposures will likely reduce the burden of hand dermatitis among atopic and non-atopic
individuals.

The validity statistics of our symptom-based definition of hand dermatitis compared to the
dermatologic evaluation are similar to those published previously (17,18) and suggest that
outcome misclassification may affect our results. In particular, our definition may
overestimate the prevalence of current hand dermatitis in this population. This is
unsurprising, given that our survey-based definition assessed 12-month prevalence, whereas
the in-person dermatologic assessment was based on symptoms visible at the time of the
exam. Indeed, some participants described improvement of their symptoms at the time of the
physical examination. Still, these data provide strong evidence of the importance of hand
dermatitis symptoms among cleaning workers. That over 41% of the respondents who
indicated that they had hand dermatitis in the last 12 months had their symptoms observed
by our study team suggests a high incidence of hand dermatitis or a long duration of the
condition in this population.

Our findings should be interpreted with particular attention to the low survey response rate
in the EPIASLI2 study. Limitations of our study design and response rate as well as a
comparison of demographic characteristics of study participants and non-responders in two
cleaning companies have been described elsewhere (9). If participation in our study was
associated with symptom status differently among current and non-current cleaners, then our
results may be affected by a response bias. A comparison of demographic characteristics at
two cleaning companies by responder status did not reveal major differences between the
two populations with respect to the characteristics evaluated (9). Because of laws protecting
personally identifying information in Spain (19), our study did not include any additional
data collection from non-responders and we are not able to draw further conclusions about
differences between responders and non-responders (9). The prevalence of hand dermatitis
reported by participants in our study is within the range of those reported among cleaners
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(5,8,20) and general population-based samples (21,22), suggesting that despite the low
response rate, the external validity of our data is not markedly compromised. In fact,
enrollment of 818 participants into a research study focused on the health of workers in large
and diverse industry in which investigator and other public health personnel have limited
workplace access is a noteworthy strength of our study.

Our findings may also be affected by the healthy worker survivor effect. If individuals who
are susceptible to hand dermatitis or who have a history of hand dermatitis left their cleaning
jobs, then the workplace-based recruitment in the EPIASLI2 study may have excluded
individuals with cleaning-related dermatitis. If symptomatic individuals reduced the
frequency of their use of specific cleaning products, then our analysis may have incorrectly
attributed their symptoms to a category of less frequent use. Similarly, if symptomatic
individuals moved into administrative jobs, then our analysis incorrectly attributes their
cleaning-related symptoms to the comparison population. If our study were affected in this
way by the healthy worker effect, then our results may underestimate the actual burden of
professional cleaning on skin health.

Symptoms of hand dermatitis may have long-term consequences for employment,
economics, and quality of life (23-26). Our findings indicate potential opportunities for
reducing hand dermatitis among professional cleaning workers; namely, the feasibility of
performing cleaning work using fewer cleaning products and less hazardous products should
be evaluated. Other aspects of cleaning work that may affect the risk of hand dermatitis
include cleaning techniques, product mixtures and dilutions, methods used to mix and dilute
products, and safety training. Improved information about the types of gloves used, hours of
use, and number of glove changes would provide valuable information about the role of
gloves in protecting workers during specific activities and from individual products and
product mixtures.

In conclusion, our findings support the hypothesis that cleaning work is a risk factor for
hand dermatitis and that professional cleaning workers may not be sufficiently protected
from dermal hazards at work. Occupational medicine and dermatology specialists, and
others who provide healthcare to professional cleaners, should be aware of the health risks
of performing cleaning work and handling specific cleaning products and the possibility that
symptoms of cutaneous disease are underreported and underdiagnosed in this population.
These results justify further evaluation of primary prevention methods to reduce cleaning
workers’ contact with dermal hazards.
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Table 2

Skin symptoms in the last 12 months, as reported by current cleaning workers and members of the comparison
population, and criteria used to define hand dermatitis

Total
Population

(n=818)

Comparison
Population

(n=125)

Current Cleaning
Workers
(n=693)

No. (%) No. (%) No. (%)

Symptoms

Red hands or fingers and fissures 146 (18) 10 (8) 136 (20)

Scaling hands or fingers, with fissures 136 (17) 11 (9) 125 (18)

Red, swollen hands or fingers 124 (15) 10 (8) 114 (16)

Itching hands or fingers, with fissures 102 (12) 8 (6) 94 (14)

Vesicles on hands or between fingers 43 (5) 5 (4) 38 (5)

Criteria

≥1 symptom 275 (34) 27 (22) 248 (36)

≥1 symptom that lasted >3 weeks or occurred >once1 213 (26) 22 (18) 191 (28)

≥2 symptoms that lasted >3 weeks or occurred >once 95 (12) 6 (5) 89 (13)

1
Definition of hand dermatitis used in this analysis
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Table 5

Associations of the numbers of different types of worksites and different cleaning products used in the last 12
months with hand dermatitis

No.
No. (%)

with Hand
Dermatitis

PR (95% CI)1

Comparison Population 125 22 (18) 1.00

Number of worksite types

 0 159 31 (19) 1.38 (0.85, 2.25)

 1-2 327 97 (30) 1.69 (1.06, 2.69)

 3+ 207 63 (30) 1.80 (1.11, 2.93)

Number of different cleaning
products

 0 86 20 (23) 1.62 (0.97, 2.72)

 1-3 95 23 (24) 1.41 (0.81, 2.45)

 4-6 225 58 (26) 1.50 (0.91, 2.48)

 7+ 287 90 (31) 1.70 (1.04, 2.75)

1
Adjusted for age, country of birth, sex, history of eczema or other skin allergy, cleaning one’s own home, and frequency of rubber glove use
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