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OBJECTIVE: This study aimed to determine the prevalence and evaluate the risk factors of work-related asthma among professional 
hospital cleaning workers. 

MATERIAL AND METHODS: In total, 278 cleaning workers were interviewed (response rate: 75.7%), and pulmonary function tests were 
performed. The presence of asthma and its work-relatedness was evaluated. Serial peak expiratory flow measurements were planned 
according to symptoms increased at work or spirometric findings.

RESULTS: Totally 40 cleaning workers had asthma (14.3%); of these, 17 (6.1%) had work-related asthma, and 23 (8.2%) had non-work-
related asthma. Non-work-related asthma and work-related asthma were significantly associated with the females(odds ratio 95% CI: 
3.0, 1.1-8.4, and 3.2, 1.0-10.3, respectively). Non-work-related asthma was significantly associated with a family history of asthma (odds 
ratio 95%CI: 5.1, 2.0-13.2 and 2.8, 0.99-7.9, respectively) and limescale remover use at work (odds ratio, 95% CI: 0.21, 0.04-0.97, and 
1.7, 0.5-5.2, respectively). Only 7 (28.0%) of 25 cleaning workers who were suggested serial peak expiratory flow measurements could 
complete the measurements. Of those, measurements of 2 cleaning workers were consistent with occupational asthma. 

CONCLUSION: The negative association between limescale remover use at work and non-work-related asthma suggested health selec-
tion bias (avoidance behavior) due to the asthmatic effects of these chemicals.
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INTRODUCTION

The American College of Chest Physicians defines work-related asthma (WRA) as asthma caused or worsened by aller-
gen or irritant agents inhaled at work. Work-related asthma is subdivided into occupational asthma (OA) and work-
exacerbated asthma (WEA).1 The difference between OA and WEA is that OA defines newly started asthma in a previously 
non-asthmatic person, whereas work-aggravated asthma defines asthma worsening in an asthmatic person but both are 
due to occupational exposures.2 The cases with OA constitute 10%-25% of all asthma cases.3 Professional cleaning is one 
of the occupations with a risk of OA. Moreover, professional cleaning workers in developed countries have more asthma 
symptoms than those in the general population.4 Workforce-based studies are used to evaluate the variety of exposures in 
occupations with different duties and materials used.5

Cleaning workers are exposed to indoor allergens and dust besides irritant and sensitizing chemicals. Asthma triggering 
or worsening may be the result of an irritant-related mechanism or a specific sensitization. The main sensitizers in clean-
ing products are disinfectants, quaternary ammonia compounds, amine compounds, and scents. The most potent airway 
irritants in cleaning products that can also be found in mixed forms are bleach (sodium hypochlorite), hydrochloric acid, 
and alkali substances (ammonia and sodium hydroxide).5

In this cross-sectional study, we aimed to determine the prevalence of WRA, its relationship to allergic symptoms, and 
possible triggering exposures among hospital cleaning workers.

MATERIAL AND METHODS

Study Population
The study population included professional cleaning workers at a university hospital located in Turkey. The study pro-
tocol was approved by the non-interventional clinical research ethics board of Hacettepe University (decision no. 
GO 17/937-16). All cleaning workers of the hospital were invited to the Occupational Diseases Department between 
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May and July 2018. After obtaining informed consent from all 
participants, 5 fellows of occupational diseases’ sub-specialty 
collected data via a questionnaire, spirometry, and serial peak 
expiratory flow (PEF) measurements, if suggested.

Questionnaire
Data were collected via a questionnaire completed by 
the interviewer. The questionnaire was adapted from 
The European Community Respiratory Health Survey II 
Occupational Modules and Screening Questionnaire.6 
Questions related to demographic characteristics, smoking 
status, pulmonary symptoms, personal and family history 
of asthma, personal history of rhinitis, occupational history, 
exposure to cleaning products at home, and hobbies with a 
risk of asthma (i.e., gluing, painting, wood carving, painting, 
hairdressing, welding, construction, farming, and bakery) 
were asked.

•	 Asthma-related medical history was determined from the 
responses to the following questionnaire data:

•	 Asthma diagnosed by a physician: “Have you been diag-
nosed with asthma before you started your current occu-
pation?” If the answer was affirmative, the duration of 
asthma was asked.

•	 History of respiratory symptoms in the last 12 months: 
History of cough, chest tightness, nocturnal symptoms, 
asthma attack history, and medical therapy for asthma 
were asked.

Occupational history: Division of the hospital in which the 
participant worked, duration of work hours per day, and 
workdays per week, and previous occupations with a risk for 
asthma (i.e., cleaning, gluing, painting, wood carving, paint-
ing, hairdressing, welding, construction, and farming, bakery) 
were asked via open-ended questions.

Participants who reported using cleaning products were asked 
if they used 6 common types of cleaning products (detergent, 
polisher, limescale remover, ammonia, bleach, and any other 
products). Detergent/cleaning product exposure assessment 
was determined from the answers to the questionnaire and 
workplace observations. Products were reported by partici-
pants to determine the main ingredients of concern (quater-
nary ammonium (QACs), chloramines/ bleach). Quaternary 
ammonium and other compounds are grouped under deter-
gent. The use of a personal protective mask at work was also 
asked. Regular usage of a mask (usage at any time during 
cleaning or whenever exposure to products) at work was 
defined as the time of exposure to cleaning products. 

Work-related asthma symptoms: Yes/no questions were used 
to determine if asthma symptoms (wheeze and/or shortness 
of breath) worsened at work and were relieved on days away 
from work or on holidays. 

Pulmonary Function Test: Medwelt SP10 Portable Spirometry 
device was used for spirometric measurements with single-
use antibacterial filtered mouthpieces. Pulmonary function 
tests (PFTs) were performed and evaluated according to 
American Thoracic Society/European Respiratory Society 
standards with European Respiratory Society/European Coal 
and Steel Community 1993 reference values.7 The spirometric 

maneuver was repeated at least 3 times, and the test results 
with the highest values were recorded. The volume differ-
ence between measurements should be a maximum of 3% 
or 0.05 L.8 The collected PFT data included forced expiratory 
volume (FVC), forced expiratory volume in 1 second (FEV1), 
percentages according to predicted values (FVC, FEV1), and 
FEV1/FVC ratio. Bronchodilator reversibility by adminis-
tering salbutamol was also measured if the percentages of 
FEV1 was <80% of expected and/or the FEV1/FVC ratio was 
0.70. Reversibility criterion was determined as an increase 
in FEV1 of at least 200 mL in volume and 12% measured 
15-20 minutes after the inhalation of 400 µg salbutamol.7

Serial PEF Measurements
Serial PEF measurements were planned if at least one of the 
following criteria were met:

•	 a medical diagnosis of asthma (asthma diagnosed by a 
physician or a history of asthma medication prescription 
within the last 12 months),

•	 respiratory symptoms of cough and/or chest tightness 
within the last 12 months,

•	 asthma attack history within the last 12 months,
•	 positive bronchodilator reversibility,
•	 FEV1 < 80% predicted and/or FEV1/FVC ratio between 

0.7 and 0.8 after bronchodilator inhalation despite nega-
tive bronchodilator reversibility.

Daily PEF variability percentages were calculated according 
to the following formula in the Global Initiative for Asthma 
guideline9:

PEF variability = 100 × (maximum PEF – minimum PEF)/(½ 
(maximum PEF + minimum PEF))

Each participant was provided with an e-Mini Wright Digital 
PEF meter to record PEF values digitally along with both ver-
bal and written instructions. Participants with asthma symp-
toms and or diagnosis of asthma were asked to measure their 
PEF values via PEF meters 4 times daily (at the beginning, 
middle, end of the workday, and after work) for 3 weeks and 
to continue the measurements over the weekends at similar 
hours. PEF measurement data were digitally obtained. We cal-
culated the PEF variability values for those participants who 
measured their PEF 4 times per day, for at least 6 workdays 
and non-workday. Criteria for acceptable PEF results were the 
presence of at least 75% of the total measurements. Mean 
daily peak flow variability in workdays above 20% or higher 
and/or relatively more frequent variability on workdays than 
non-work days was used to confirm work-related asthma.10

We analyzed PEF measurements with the Occupational 
Asthma System program (OASYS) version of February 2020. 
This system was initially developed by Gannon et al11 and 
Burge  et  al. and has been reported to have a sensitivity 
of 76% and specificity of 94% for identifying work-related 
changes in peak flow (once suspicion of OA has been 
raised) confirmed by independent objective tests. The 
OASYS currently has a scoring system (work effect index 
(WEI)), which uses a discriminant analysis and scores “com-
plexes,” composed of either a work–rest–work period or a 
rest–work–rest period.11
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Occupational Asthma System score requires a minimum 
of 4 readings per day, 3 consecutive workdays in any work 
period, and ~3 weeks’ worth of readings (3 complexes, a fea-
ture of OASYS).12 Less data lead to reduced sensitivity and 
specificity. The ABC score has recently been shown to have 
a sensitivity of 69% and specificity of 100% when the cut-
off score is 15 L/min/h for OA diagnosis.13 The OASYS uses 
the discriminant analysis to score the record between 1 and 
4 using a cut-off of 2.5. Scores above this have a 94% speci-
ficity for OA and a 75% sensitivity when using independent 
diagnosis methods.11

Determination of Asthma, WRA, and Asthma  
Excluding WRA
Cleaners who reported wheezing within the last 12 months 
or a history of physician-diagnosed asthma or asthma medi-
cation prescribed within the last 12 months were grouped as 
asthma. Among those asthma cases, cleaners who had asthma 
with increased symptoms at the workplace were grouped as 
WRA, and those who did not have asthma symptoms in the 
workplace were grouped as asthma excluding WRA (non-
work-related asthma, NWRA).

Statistical Analysis
Data were analyzed using IBM Statistical Package for the 
Social Sciences Statistics for Windows, version 21.0 (IBM 
Corp., Armonk, NY, USA). Descriptive statistics of continu-
ous variables with normal distributions were given as means 
± standard deviation, whereas those without normal distri-
butions were provided as medians and minimum–maximum 
range. Independent samples t-test and chi-square tests were 
used to compare 2 continuous variables and 2 indepen-
dent categorical variables, respectively. Multinomial logistic 
regression analysis was conducted for WRA and NWRA, with 
forward selection criteria of entry and removal of 0.05 and 
0.10, respectively. This modeling approach was used since 
these 2 outcomes were related, and we aimed to compare 
the association of potential risk factors between WRA and 
NWRA. Age, gender, work-related and domestic exposures, 
hobbies, and smoking status were introduced to the model 
as the potential risk factors. Odds ratios and 95% CIs were 
calculated as the estimates of relative risk. P-values below .05 
were considered statistically significant.

RESULTS

Of 366 hospital cleaning staff, 78 (21.3%) could not be 
reached and 11 (3%) did not agree to participate. Data were 
collected from 278 (75.7%) cleaners. Nearly two-thirds of the 
participants were men (63.3%); the ages ranged between 20 
and 59 years, and 41.4% were in their fourth decade (40-49 
years).

Previous work history was reported by 70.9% of participants, 
and 70.5% had previous occupations as cleaning workers 
and in occupations related to asthma risk, including clean-
ing and other occupations including jobs with exposure to 
glues or chemicals, carpentry, painting, hairdressing, weld-
ing, farming, construction, bakery.

Except for 1 participant with facial paralysis, PFTs of 
277 participants were evaluated. Airway obstruction (FEV1/

FVC < 0.8) was detected in 47 (17.0%) participants. Of 
those, 7 had bronchodilator reversibility, 28 had fixed airway 
obstruction, and 12 could not repeat the test after bronchodi-
lator application due to failure to cooperate.

Of the 40 cleaners (14.4%) with asthma diagnosis and/or 
medication use and/or wheezing in the last 12 months, 17 
(6.1%) reported asthma symptoms in the workplace. Among 
these WRA cases, 13 (4.7%) cleaners were grouped as OA 
and 4 (1.4%) cleaners (asthma worsening in an asthmatic per-
son at work) were grouped WEA. The comparison of WRA 
with NWRA and no asthma groups is shown in Table 1.

In the multinomial logistic regression, no asthma group was 
defined as the reference group. Age, gender, work-related 
and domestic exposures, hobbies, and smoking status were 
introduced to the model as the potential risk factors (Table 2). 
Work-related asthma was significantly associated with the 
female gender (OR: 3.2, 95% CI: 1.0-10.3, p: 0.004). The 
NWRA was significantly associated with female gender (OR: 
3.0, 95% CI: 1.1-8.4, p: 0.03), family history of asthma (OR: 
5.1, 95% CI: 2.0-13.2, p: 0.001) and limescale remover use 
at work (OR: 0.21, 95% CI: 0.97-1.36, p: 0.04).

Serial PEF testing was offered to 26 cleaners. One cleaner 
did not agree to use PEFmeter devices. Seven had acceptable 
PEF readings. WRA was confirmed in 4 of those 7 cleaners. 
Changes in serial PEF testing were depicted in Table 3.

Since the cleaners measured PEF records 2 to 4 times per 
day, we used the OASYS cut-off score of 2.5. Two cleaners’ 
scores were 2.80 and 3.00, which were consistent with OA. 
The OASYS plots of PEF in these 2 workers were shown in 
Figure 1.

DISCUSSION

We investigated WRA in hospital cleaning staff, who consti-
tute a risk group with occupational exposure to chemicals via 
inhalation or skin contact, causing urticaria and dermatitis. 
We found that the prevalence of WRA was 6.1%, and the risk 
for WRA increased with the female gender. Our findings sug-
gested that NWRA was significantly associated with a family 
history of asthma. A negative association between limescale 
remover use at work and NWRA was observed. The serial 
PEF measurements were planned, but only 7 (28.0%) of the 
25 cleaning workers who were suggested serial PEF measure-
ments could complete the measurements. Measurements of 2 
cleaning workers were consistent with OA.

In our study, WRA among cleaning workers was 6.1%. The 
prevalence of WRA was within this range of within the range 
of previous studies in cleaning workers (3.3-12%).14,15 The 
mean age and mean duration of working among the clean-
ers were 38.9 years and 10.3 years, respectively. Our study 
population was younger than that reported by Lipińska-
Ojrzanowska et al.15 who reported the mean age as 46 years 
and the duration of work as 6.3 years in the hospital cleaning 
staff. 

The proportion of current smoking in cleaners was higher 
than that of the general Turkish population (50.0%, and 
27.1%, respectively).16 After collecting the information, we 
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informed and warned cleaners about the harmful effects of 
smoking and cessation recommended them to attend smok-
ing cessation clinics.

Most of the participants reported that they worked 8 hours 
per day (95%) and 6 days per week (86.3%) with a mean of 
47.3 ± 2.3 working hours per week, which was similar to 
a previous study from Turkey (mean working hours per day 

and per week of 8.0 ± 0.1 and 43.3 ± 9.5, respectively) and 
above the legal limits of 45 hours a week.17,18

We found that the female gender increased the risk of WRA by 
almost 3.2-fold (95% CI, 1.0-10.3). Similarly, Li et al19 found 
that cleaning agent exposures had a significantly larger pro-
portion of females, and several other studies also showed 
increased WRA risk with the female gender.20-22

Table 1.  The Characteristics of Cleaning Workers According to the Classification of the Asthma Status.

Characteristic
No Asthma
(n = 238)

WRA
(n = 17) NWRA (n = 23)

P
(WRA vs. No 

Asthma)

P
(NWRA vs. No 

Asthma)

Age (years), mean ± SD 38.6 ± 8.1 39.2 ± 7.5 41.5 ± 7.9 .76 .11

Female gender, n (%) 77 (32.4) 12 (70.6) 13 (56.5) .003 .02

BMI (kg/m2)* , mean ± SD 26.7 ± 4.2 28.3 ± 6.6 25.8 ± 4.2 .34 .33

Ever smoking, n (%) 145 (60.9) 11 (64.7) 14 (60.9) .76 .1

Rhinitis, n (%) 50 (21.0) 12 (70.6) 8 (34.8) <.001 .13

Family history of asthma, n (%) 60 (25.2) 9 (52.9) 15 (65.2) .02 <.001

Usage of cleaning products at home, 
n (%)

114 (47.9) 13 (76.5) 13 (56.5) .02 .43

Work hours per week, mean ± SD 47.3 ± 2.3 47.2 ± 2.7 47.4 ± 1.8 .81 .87

Total duration of work (years) , mean 
± SD

10.4 ± 5.2 9.1 ± 4.5 10.9 ± 5.3 .32 .6

Allergic symptom at work**, n (%) 20 (8.4) 7 (41.2) 5 (21.7) .001 .54

Regular usage of mask at work, n (%) 21 (8.8) 1 (5.9) 2 (8.7) 1 1

Cleaning products used at work, n (%) 231 (97.1) 16 (94.1) 23 (100.0) .40 1

 Detergent 228 (95.8) 16 (94.1) 23 (100.0) .54 .69

 Polishes 149 (62.6) 12 (70.6) 13 (56.5) .51 .57

 Limescale remover 70 (29.4) 7 (41.2) 2 (8.7) .31 .34

 Ammonia 122 (51.3) 10 (58.8) 15 (62.5) .55 .2

 Bleach 209 (87.8) 15 (88.2) 23 (100.0) 1 .88

Hobbies with asthma risk***, n (%) 15 (6.3) 2 (11.8) 2(11.8) .39 .68

Previous work history of cleaning, n 
(%)

37 (15.5) 3 (17.6) 3 (13.0) .74 1

Previous work history of jobs related 
to asthma***, n (%)

86 (36.1) 1 (5.9) 9 (39.1) .01 .78

BMI, body mass index; SD, standart deviation; WRA, work-related asthma; NWRA, Asthma excluding WRA.
*Height and weight measurements were performed in 274 subjects; **Sensation of swelling in the throat and dyspnea and/or itching and wheals in 
the skin; ***Gluing, painting, wood carving, painting, hairdressing, welding, construction, farming, bakery, etc. Cleaning was excluded.

Table 2.  Risk Factors Associated with WRA and NWRA Adjusted in the Multinomial Logistic Regression Analysis Model

Characteristic
WRA

OR (95% CI) P
NWRA

OR (95% CI) P

Female gender 3.2 (1.0-10.3) .04 3.0 (1.1-8.4) .03

Age ≥ 40 versus 20-39 years 0.79 (0.27-2.35) .66 0.98 (0.38-2.5) .95

Limescale remover use at work 1.7 (0.5-5.2) .30 0.21 (0.04-0.97) .04

Family history of asthma 2.8 (0.99-7.9) .05 5.1 (2.0-13.2) .001

Previous work history of jobs related to asthma* 0.16 (0.02-1.36) .09 1.9 (0.71-5.5) .19

OR, odds ratio; WRA, work-related asthma; NWRA, asthma excluding WRA.
*Gluing, painting, wood carving, painting, hairdressing, welding, construction, farming, bakery, etc. Cleaning was excluded.
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A family history of asthma is a risk factor for asthma.9 That 
could indicate atopic status. We found a significant relation-
ship between family history and NWRA.

Several suspected agents in cleaning have been identified, 
including glutaraldehyde, quaternary ammonium com-
pounds (QATs), formaldehyde, bleach, chloramines, deter-
gents, limescale remover, and fragrances.23 In our study, the 
most frequently used cleaning products were reported as 
bleach, detergent, limescale remover, and most participants 
used more than one cleaning product so that causative agents 
could not be determined with certainty. Limescale remover 
use at work was negatively associated with NWRA (odds 
ratio: 0.21, 95% CI: 0.04-0.97). Vizcaya et al24 in a study of 
female cleaning workers found an association of upper respi-
ratory tract symptoms with exposure to bleach, glass cleaner, 
detergents, limescale remover, and air fresheners, which was 
stronger among women with atopy. Limescale remover expo-
sure at work could be triggering asthma symptoms, and asth-
matic workers could be more likely to avoid this exposure. 

Studies have shown that the results of asthma studies on the 
effects of occupational exposures on morbidity and mortality 
could be masked due to workers with respiratory symptoms 
changing or quitting their jobs.25,26 Although the associations 
were not statistically significant in the model, previous work 
history of asthma-triggering jobs other than cleaning was less 
common in WRA than NWRA, which indicated a possible 
health selection bias, that is cleaning workers who worked in 
asthma-triggering jobs were mostly not admitting for cleaning 
work.

One of the limitations of our study is the lack of a specific 
bronchoprovocation test. One alternative for cases that can-
not undergo the specific bronchoprovocation test is serial 
PEF measurements on workdays and non-workdays for at 
least 4 weeks as 2 weeks for workdays and 2 weeks non-
workday.27 In our study, we used serial PEF measurements to 
find daily mean PEF variability of 20.6 and 20.38 for work 
days and non-work days, respectively. Chiry et al28 reported 
values of 23.2 ± 11.6 and 11.8 ±7.3, respectively. Similar 
values between workdays and non-workdays in the present 
study may be the result of the continued exposure to clean-
ing products at home, inappropriate measurements of PEF, 
the shorter follow-up period for days away from work com-
pared to those for workdays, or other unexplained reasons. 
One study reported that two-thirds of patients for which PEF 
follow-up was suggested had completed PEF recordings, 
whereas another study reported that 55% of workers had 
appropriate PEF recordings.29,30 In our study, 7 of 24 partici-
pants (29.1%) had PEF records meeting the pre-defined cri-
teria for analysis. The value of PEF follow-up in the diagnosis 
of OA is related to patient compliance and awareness of the 
importance of the follow-up in addition to the cessation of 
medical therapy for asthma. Self et al31 showed that patients 
did not use PEF meter properly so clinicians should regu-
larly follow patients’ PEF devices, detect errors, and ensure 
their correct use. Quirce et al32 reported that PEF follow-up 
might be unreliable due to the unobserved nature of in-home 
measurements. Additionally, relatively long follow-up peri-
ods (3 weeks), the unwillingness of participants to carry a 
PEF meter between home and work, varying workload, and 
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participant education levels may affect the adequacy of PEF 
meter follow-measurement. Fear of losing the current job as 
a result of job insecurity and frequent change of job among 
our study participants may be a potential reason for the low 
proportion of completed PEF data in our study. 

To our knowledge, our one center study is the first to investi-
gate the frequency of WRA among Turkish hospital cleaning 
staff. The strength of our study also includes a high percent-
age (75%) of the population who agreed to participate. A rel-
atively small number of workers with a sufficient number of 
PEF measurements according to pre-defined criteria were the 
major limitation. Lack of previous occupational health records, 
including medical evaluation for fitness to work, precluded the 
distinction between OA and work-aggravated asthma.

In summary, we detected work-related asthma symptoms 
and PFT abnormalities in hospital cleaning workers. Our 
findings suggest that cleaning workers with a medical history 
of asthma may require close attention to the risk of WRA. 
Also, prior working history in a job with a risk for WRA 
and limescale remover usage could be a health selection 
factor, which signifies a healthy worker effect. Mask usage 
among cleaners was uncommon. Therefore, in a workplace 
with asthma-triggering features (e.g., use of different types 
of cleaning products), hospitals should be evaluated for 
ventilation, and required engineering measures and per-
sonal protective measures, including mask usage, should be 
taken. Cleaning workers should be informed about the haz-
ardous health effects of cleaning products, mixture toxicity, 
and protective measures.
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