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Abstract

Objective: This article presents a systematic review of epidemiological studies linking cleaning
work and risk of asthma and rhinitis. Methods: Published reports were identified from PubMed
covering the years from 1976 through June 30, 2012. In total, we identified 24 papers for
inclusion in the review. The quality of studies was evaluated using the Strengthening of the
Reporting of Observational Studies in Epidemiology (STROBE) statement checklist of 22 items
for cross-sectional, cohort and case–control studies. Results: Increased risk of asthma or rhinitis
has been shown in 79% of included epidemiological studies. In four studies the increased risk
of asthma in cleaning workers was confirmed by objective tests, such as bronchial hyper-
reactivity or airflow obstruction. Level of exposure to cleaning products, cleaning sprays,
bleach, ammonia, mixing products and specific job tasks has been identified as specific causes
of asthma and rhinitis. Conclusions: Possible preventive measures encompass the substitution
of cleaning sprays, bleach and ammonia, avoidance of mixing products, the use of respiratory
protective devices, worker education and medical surveillance.
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Introduction

Cleaning anything involves making something else dirty, but

anything can get dirty without something else getting clean

(Laurence J Peter, US educator and writer, 1919–1988).

Cleaners constitute a large professional group in developed

countries. According to EUROSTAT, in 2006 in 20 European

countries there were 3.6 million people employed in industrial

cleaning [1]. Industrial cleaning accounts for 3% of total

employment in the private sector; most of the employees are

females and work part-time while about 30% of cleaning

workers are migrant workers [1,2]. In a survey of 4500

Spanish women, 39% were current and former domestic

cleaners [3]. In surveillance studies carried out in Spain,

United States and Brazil cleaning products were among the

most reported causes of occupational asthma or work-related

asthma (WRA) [4–6] while in United Kingdom and France

cases of occupational asthma/WRA due to cleaning products

were not frequently reported [7,8]. In recent years cleaning

has been associated with WRA and work-related rhinitis

[9,10].

The epidemiological literature on respiratory health out-

comes and risks of cleaners has been reviewed. Two reviews

were update on the risk of asthma in cleaners in epidemio-

logical and surveillance studies and case reports for the period

2003–2005 and 2006–2009, respectively [11,12]; 6 and 7

epidemiological studies reporting the assessment of the risk of

asthma in cleaners for the period 2003–2005 and 2006–2009,

respectively, were reviewed. Charles et al. reviewed the

epidemiological studies reporting all occupational hazards,

1981–2005, 11 of which have assessed the risk of asthma in

cleaners [13]. Quirce and Barranco recently reviewed the

association between asthma and cleaning but the search

strategy was not reported [14]; 7 epidemiological studies have

reported the risk of asthma in cleaners. The four reviews have

reported neither the evaluation of quality of epidemiological

studies nor the risk of rhinitis.

This article presents a systematic review of epidemio-

logical studies linking exposure to cleaning products and the

risk of asthma and rhinitis and discusses suggestions for

prevention.

Methods

Data sources, search strategy and study selection

Published reports were identified from PubMed covering the

years from 1976 through June 30, 2012. We used the

following key words search strategy: (cleaning worker* OR

cleaning product* OR cleaner* OR bleach OR hypochlorite

OR ammonia OR cleaning spray* OR disinfectant*) AND
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(asthma OR rhinitis OR respiratory). Using this schema

we identified 678 potentially eligible citations. In a first

selection we discarded 525 papers because they were not in

the field of asthma and rhinitis in cleaners and 113 because

they were not in English. In a second selection we discarded

20 studies on cleaning workers because they were not

epidemiological studies on asthma and rhinitis: eight case

reports, five surveillance studies, two exposure studies,

five reviews. One study was discarded because it was on

skin disease. Nineteen epidemiological studies published

in English that reported the odds of asthma/rhinitis associ-

ated with exposure to cleaning products were included.

We also reviewed all papers for reference citations within

1976–2012 time frame that had not been otherwise identified

in the initial search and we identified an additional 5 studies

for inclusion. In total we identified 24 papers for inclusion

in the systematic review.

Quality assessment

The quality of observational studies was evaluated using the

Strengthening of the Reporting of Observational Studies in

Epidemiology (STROBE) statement checklist of 22 items for

cross-sectional, cohort and case–control studies [15]. Data for

quality assessment were extracted using a standard record

sheet which included the checklist of 22 items independently

by two reviewers (IF and AS). Discrepancies were resolved

by consensus. The studies were classified into the following

three categories: A, more than 80% of STROBE criteria

fulfilled; B, 50–80% of STROBE criteria fulfilled; and C,

less than 50% of STROBE criteria fulfilled [16]. 20 studies

were classified into category A, 4 in category B, and none

in category C (Tables 1 and 2).

Definitions

We defined cleaning workers (cleaners) as people whose

paid or unpaid work involves cleaning of public or private

buildings. In this definition, we include employed non-

domestic and domestic indoor cleaners as well as non-

professional home cleaners (homemakers). We do not include

other jobs involving the use of cleaning products at work such

as health care professionals and food industry workers.

The definition of asthma was based on symptoms gathered

from the following questionnaires (Tables 1 and 2):

� European Community Respiratory Health Survey

(ECRHS) questionnaire in 16 studies;

� Third National Health and Nutrition Examination Survey

(NHANES III) questionnaire [17];

� French Pollution Atmosphérique et Affections

Respiratoires Chroniques (PAARC) Survey questionnaire

[18];

� previously validated questionnaires [1];

� Helsinki Office Environmental Study modified question-

naire [20];

� non-validated questionnaires [21,22].

Reported asthma was confirmed by a physician (physician-

diagnosed asthma) in 2 studies [19,23]. The definition of

asthma was based on symptoms and objective tests, such as

assessment of bronchial reactivity through a methacholine

challenge test [24–26], airflow limitation through a forced

spirometric test [18] or reversibility of airways obstruction in

five studies [20].

The diagnosis of rhinitis was always based on symptoms

[10,27–29].

Results

We selected 24 epidemiological studies on asthma or rhinitis

in subjects exposed to cleaning products evaluated for

methodological quality [15]: 7 cross-sectional and 3 longitu-

dinal population-based studies, 7 case–control studies, 5

cross-sectional and 2 longitudinal studies in working groups.

Potential source of information and/or selection biases were

discussed in all studies. Direction and magnitude of bias was

examined in three studies [24,30,31]. Study size was not

explained in one cross-sectional study [29]. It was unclear

if 3 studies were free of commercial funding [18,21,29].

In 7 studies, the participation rate was not specified

(Tables 1–3).

Cross-sectional population-based studies (Table 1)

Seven cross-sectional population-based studies, ranging from

1975 to 2006, showed an association between exposure to

cleaning products and:

� asthma symptoms, with a risk estimate between 1.5 and

2.5 [3,24,25,32,33];

� asthma symptoms and bronchial hyper-reactivity, odds

ratio (OR) 2.5 (95% confidence interval (CI) 1.03–6.2)

and OR 2.0 (95% CI 1.3–2.9), respectively [24,25];

� asthma symptoms with airflow limitation, OR 2.5 (95%

CI 1.3–4.7) [18].

In one study, there was a non-statistically significant

association between exposure to cleaning products and WRA

(OR 2.4, 95% CI 0.5–10.6) [17].

Longitudinal population-based studies (Table 1)

Longitudinal population-based studies showed an associ-

ation between exposure to cleaning products and

incidence of:

� adult new-onset asthma (OR 1.8, 95% CI 1.01–3.2) [34];

� adult new-onset non-infectious rhinitis (OR 2.1, 95% CI

1.1–4.0) [27];

� adult new-onset perennial rhinitis (OR 1.4, 95% CI 1.0–

2.1) [28].

Case–control studies (Table 1)

In three studies there was an association between cleaning

work and asthma symptoms or severe asthma symptoms,

with a risk estimate between 1.9 and 7.4 [21,35,36].

Medina-Ramón et al. showed an association between inter-

mediate (OR 23, 95% CI 1.9–274) or high exposure to bleach

(OR 14, 95% CI 1.3–153) and asthma symptoms [37]. Weekly

use of more than two types of sprays was associated with

asthma symptoms (OR 2.5, 95% CI 1.5–4.0), current asthma

(OR 1.7, 95% CI 1.1–2.6) and poorly-controlled asthma

(OR 2.0, 95% CI 1.2–3.3) [31]. In two studies, there was

no association between cleaning work and asthma with

reversible airway obstruction or severe exacerbation of

asthma [20,38].
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Cross-sectional studies in working groups (Table 2)

Between 1998 and 2011, five studies were published in

Europe, North America and Brazil, four of which showed

an association between exposure to cleaning products and:

� asthma symptoms, with a risk estimate between 1.7 and

3.3 [26,30];

� asthma symptoms and bronchial hyper-reactivity, with

a risk estimate between 2.8 (95% CI 1.3–6.2) and 5.0

(95% CI 1.9–13.2) [26];

� rhinitis symptoms (OR 2.1, 95% CI 1.2–3.7) [10].

In one study, there was no difference in the prevalence

of asthma/rhinitis between 40 cleaners and 40 controls [29].

The exposure to cleaning products was evaluated in

various occupations, such as professional [10,19,26,29,30]

or domestic cleaners [26]. In Brazilian non-domestic cleaners

rhinitis symptoms were 3 times more frequent than asthma

symptoms [10].

Longitudinal studies in working groups (Table 2)

One longitudinal study in working groups demonstrated in

Spanish home cleaners an association between exposure to

cleaning sprays and the incidence of asthma symptoms,

with a risk estimate of 1.5 (95% CI 1.1–2.0) [23]. In one

report asthma was higher in former cleaners than in current

cleaners [22].

Confounding variables and risk factors (Table 3)

In the majority of studies the risk of asthma or rhinitis

was simultaneously adjusted for the potential confounding

variables sex, age and smoking. In three studies female gender

was a risk factor for WRA, rhinitis or perennial rhinitis

[10,19,28]. On the contrary, Hellgren et al. showed an

association between male gender and rhinitis [27].

In current domestic cleaners, the risk of asthma decreased

with increasing age while in a cohort of female cleaners age

was not a risk factor for asthma [3,22].

The potential relationship between smoking and asthma in

subjects exposed to cleaning agents was investigated in five

studies. In one cross-sectional study in working groups

current smoking was a risk factor (OR 3.2, 95% CI 1.4–7.2)

[10] while in one cross-sectional population-based, 2 longi-

tudinal studies in working groups and one case–control study

smoking was not a risk factor [22,23,31,32].

Two studies compared the risk of asthma in domestic and

non-domestic cleaners: the risk of current asthma was higher

in domestic cleaners (OR 1.5, 95% CI 1.1–1.9) than in

non-domestic cleaners (OR 1.1, 95% CI 0.7–1.6) [3]. The risk

of asthma symptoms and asthma symptoms and BHR were

higher in private home cleaners (prevalence ratio (PR) 3.3,

95% CI 1.9–5.8, and PR 5.0, 95% CI 1.9–13,2, respectively)

than in other cleaners (PR 1.0, 95% CI 0.5–2.0, and PR 1.7,

95% CI 0.5–5.5, respectively) [26].

The duration of occupational exposure was associated with

the risk of WRA or work-related rhinitis in non-domestic

cleaners while in another study was not associated with

asthma [10,19].

Six studies examined the level of exposure as a risk factor.

Obadia et al. (2009) showed no association with asthma whileT
ab

le
3

.
C

o
n

ti
n

u
ed

R
ef

er
en

ce
S

ex
A

g
e

D
u
ra

ti
o
n

o
f

o
cc

u
p
a-

ti
o
n
al

ex
p
o
su

re
L

ev
el

o
f

o
cc

u
p
a-

ti
o
n
al

ex
p
o
su

re
C

le
an

in
g
/m

ix
in

g
p
ro

d
u
ct

s

D
o
m

es
ti

c
v
er

su
s

n
o
n
-d

o
m

es
ti

c
cl

ea
n
in

g
A

to
p
y

S
m

o
k
in

g
S

o
ci

o
-e

co
n
o
m

ic
st

at
u
s

(O
R

1
.7

,
9
5
%

C
I

1
.1

–
2
.6

)
an

d
p
o
o
rl

y
-c

o
n
tr

o
ll

ed
as

th
m

a
(O

R
2

(9
5
%

C
I

1
.2

–
2
.3

)

as
th

m
a

sx
;

g
la

ss
cl

ea
n
in

g
sp

ra
y
s

w
er

e
a

ri
sk

fa
ct

o
r

fo
r

cu
rr

en
t

as
th

m
a

(O
R

1
.5

,
9
5
%

C
I

1
.0

–
2
.1

)

N
D

,
n

o
t

d
o

n
e;

O
R

,
o

d
d

s
ra

ti
o

;
C

I,
co

n
fi

d
en

ce
in

te
rv

al
;

W
R

,
w

o
rk

re
la

te
d

;
P

R
,

p
re

v
al

en
ce

ra
ti

o
;

R
R

,
re

la
ti

v
e

ri
sk

;
sx

,
sy

m
p

to
m

s.

24 I. Folletti et al. J Asthma, 2014; 51(1): 18–28

J 
A

st
hm

a 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

L
iv

er
po

ol
 o

n 
10

/3
1/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Vizcaya et al. showed an association between the exposure

to the number of different workplace or products used and

asthma [19,30]. In three reports, the level of exposure to

cleaning sprays or bleach was associated with asthma

[23,31,37]. On the contrary, Nielsen and Back showed no

significant association with the level of exposure to cleaning

sprays [22].

The risk of asthma or rhinitis was associated with exposure

to various cleaning products [26,34,36], tasks [19], exposure

to cleaning sprays, ammonia, bleach or hydrochloridric acid

[10,23,26,30] or mixing products [26,37]. However, in a study

on female cleaners cleaning sprays were not a significant risk

factor for asthma [22]. Interestingly enough, using liquid

cleaning products was negatively associated with asthma [37].

In two studies, atopy was a risk factor for asthma and

rhinitis [10,24] while in several other studies atopy was not

a risk factor [23,26,32,37]. In other papers, the risk of asthma

or rhinitis was adjusted for atopy [21,24,27].

Socio-economic status has seldom been examined as a

risk factor for asthma in subjects exposed to cleaning

products. In a few studies the risk of asthma or rhinitis was

adjusted for socio-economic status [23,28,33] while Zock

et al. demonstrated that socio-economic status was not a

confounding factor for the risk of asthma [32].

Discussion

The results of our review indicate that exposure to cleaning

products in various jobs/tasks and settings increase the risk for

asthma and rhinitis. This is also supported by the results of

several surveillance studies from various countries [4–6]

although in other studies from other countries cases of

occupational asthma/WRA due to cleaning products were not

frequently reported [7,8]. In four studies the risk of asthma

was confirmed by objective tests, such as bronchial hyper-

reactivity or airflow obstruction supporting the results of

studies in which the definition of asthma was based on

symptoms only (Tables 1 and 2) [18,24–26]. Domestic

cleaners tended to have a higher risk of asthma than non-

domestic cleaners as it was also confirmed in a focus group

study [3,26,39].

In Brazilian cleaners, rhinitis symptoms were 3 times

more prevalent than asthma symptoms [10]. Similarly,

in workers exposed to sensitizing agents occupational rhin-

itis tended to be 3 times more frequent than occupational

asthma [40].

In subjects exposed to cleaning products, level of exposure

may be the main risk factor (Table 3), in agreement with

observations on occupational asthma and rhinitis [40,41].

In a few cases specific products, such as ammonia, bleach

and cleaning sprays were associated with asthma or new-

onset asthma [23,26,37,42] and a dose–response relationship

between the use of bleach or cleaning sprays and asthma or

new-onset asthma was also demonstrated [23,37]. Massin

et al. measured concentration levels of chloramines, often

derived from mixing bleach with dishwashing liquid, and

aldehydes and assessed respiratory symptoms among 175

cleaning and disinfecting workers in the food industry [43];

a dose–response relationship between eye, nasal and throat

symptoms and exposure levels was found. Exposure

studies showed that airborne exposure levels of chlorine and

ammonia were detectable at concentrations �0.1 ppm during

domestic cleaning work and the use of concentrated ammonia

solutions (e.g. 3%) in poorly ventilated areas may produce

significant ammonia exposure [37,44]. Moreover, the large

use of common sprays at home may have significant

implications for public health; e.g. Zock et al. estimated

that one in seven adult asthma cases may be related to the use

of household cleaning sprays [23].

In a few studies gender was analysed as risk factor

with contradictory results (Table 3). In a cross-sectional study

in working groups non-domestic female cleaners were at

increased risk of WRA (OR 3.9, 95% CI 2.1–7.4) [19], while

gender was not a risk factor for asthma in a cross-sectional

population based study [32]. The risk of rhinitis was

associated with male cleaners or female cleaners [27,28].

Contradictory results were also reported in population-based

epidemiological studies, although females tended to have

a higher risk factor for asthma and rhinitis more often than

males [45–48].

In one cross-sectional population based study, the risk

of asthma decreased with increasing age [3], in agreement

with cohort studies in apprentices bakers/pastry makers or

exposed to laboratory animals or latex, in which WRA and

work-related rhinitis tended to occur within the firs 2–3 years

of exposure [49].

In one study, only atopy was a risk factor for asthma and

rhinitis and smoking was a risk factors for asthma (109) while

in several others atopy and smoking were not risk factors

[23,26,32,37]. The risk in subjects exposed to cleaning

products seems not dependent on atopic status, supporting

the view that asthma and rhinitis are mainly due to irritants

and low-molecular weight agents [23,26,30,42]. Moreover,

there is little to support that the risk of asthma and rhinitis

is increased in smokers exposed to cleaning products, in

agreement with a review on smoking and occupational

asthma [50].

One limitation of studies in exposed to cleaning products

is that occupational asthma and work-exacerbated asthma

has seldom been differentiated. However, in health care

professional exposed to cleaning products the prevalence of

occupational asthma and work-exacerbated asthma was 0.8%

and 1.1%, respectively [51].

Suggestion for prevention

Occupational asthma and rhinitis are considered potentially

preventable diseases [52,53]. It is surprising that prevention

of work-related respiratory diseases in cleaners has been

neglected by the biomedical research in spite of a large body

of knowledge on the dimension of the problem (Tables 1

and 2) and identification of specific products and job tasks

responsible for asthma and rhinitis symptoms (Table 3).

In fact, the review of 24 epidemiological studies suggests

possible preventive intervention with the aim of improving

respiratory health in cleaners, such as:

� substitution of cleaning sprays with liquid multi-use

cleaning products [23,26,37];

� substitution of bleach and ammonia with less irritating

product [10,26,37,42,51]. Particularly, the substitution of
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hypochlorite bleach is highly recommended and feasible,

as was recently shown in six hospitals of Eastern

Massachusetts where bleach was not used [54];

� avoidance of mixing cleaning products, especially bleach

with other products [26,37];

� ingredients of cleaning agents could be pretested for their

ability to cause sensitization.

Most cases of WRA in cleaners are due to exposure to one or

more irritants and unidentified ingredients which need further

evaluation while a minority are associated with sensitizers

[10,30,34,37,42,55–60]. Moreover, preventive interventions

are more difficult in domestic cleaners and occupational

domestic cleaners, in spite of the fact that they are at higher risk

of asthma and respiratory symptoms than professional cleaners,

perhaps because of lower or no worker education, lack of

awareness regarding risks, protective clothing and respiratory

devices and no surveillance [23,26,36,37,39].

There is evidence that in the last 2–3 decades, the

prevalence and incidence of occupational asthma and rhin-

itis due to laboratory animals, isocyanates, and latex

decreased over time, suggesting benefit from preventive

measures [61–63]. Unfortunately, time trends for asthma

and rhinitis or controlled intervention studies in cleaners are

not available.

A public health approach contributing to reduce hazardous

cleaning product use was described in the study of Pechter

et al. performed on immigrant cleaning workers [64].

Improved conditions were obtained by eliminating the

most hazardous chemicals, reducing the number of products

used, banning mixing products and improving safety training.

Unfortunately, in the paper there was no control of the alleged

improved conditions on work-related respiratory symptoms

of immigrant cleaning workers.

An interesting example of prevention is included in a

New York State law, effective September 1, 2006, which

requires that in all elementary and secondary schools

environmentally sensitive cleaning products must be used

in order to minimize adverse impact on children’s health

but also, as a ‘‘by-product’’, on cleaners health, as reported by

Mazurek et al. [4].

Conclusions

A number of epidemiological studies have identified that

domestic and professional cleaning work, especially when

associated with the use of household cleaning sprays, bleach

and ammonia or exposure to mixing products, may have

relevant implications for public health [65]. It has been

estimated that a number of adult asthma cases, e.g. up to one

in seven cases, could be attributed to the use of sprays.

Several risk factors were also identified, allowing the

development of effective prevention strategies.

Unfortunately, the conclusion of research on cleaners and

consequent policy implications have not been heeded by

commercial cleaning stakeholder organizations, such as

manufactures, vendors and commercial cleaning companies.

However, collaboration between scientific communities and

European safety and health agencies may improve the

respiratory health of workers and citizens exposed to cleaning

products.
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Table 1:- Characteristics of observational studies on asthma and/or rhinitis in cleaning workers (STROBE checklist) 
 

 

Reference 
1. Title and 
abstract 

2. 
Background 
and rational 

3. 
Objectives 

4. 
Study 
design 

5. 
Setting 

6. Participants 
(methods) 

7. 
Variables 

8. Data 
source/  
measurements 

9. 
Bias 

10. Study 
size 

11. 
Quantitative 
variables 

12. 
Statistical 
methods 

13. 
Participants 
(results) 

14. 
Descriptive 
data 

15.Outcome 
data 

16. 
Main 
results 

17. 
Other 
analyses 

18. Key 
results 
(discussion) 

19. 
Limitations 

20. 
Interpretation 

21. 
Generalizability 

22. 
Funding 

Reporting 
quality* 

                                               

Cross‐sectional population based studies                                           
Kogevinas 
1996 

No  OK  OK  OK  No  OK, random 
and 
symptomatic 
subsamples of 
the population 
age 20‐44 yr 

OK  OK  OK  OK  N  OK  OK  OK  OK  OK  N  OK  OK  OK  OK  Yes  A (82%) 

Kogevinas 
1999 

No  OK  OK  OK  No  Ok, random and 
symptomatic 
subsamples of 
the population 
age 20‐44 yr 

OK  OK  OK  OK  OK  OK  OK  OK  N  OK  OK  OK  OK  OK  N  Yes  A (82%) 

                                               
Zock 2002  No  OK  OK  OK  OK  Ok, random and 

symptomatic 
subsamples of 
the population 
age 20‐44 yr 

OK  OK  OK  OK  No  OK  OK  OK  OK  OK  OK  OK  OK  OK  No  Yes  A (86%) 

Medina‐
Ramón 2003 

OK  OK  OK  OK  OK  Ok, random 
sample of  
female 
population age 
30‐65 yr and <8 
yr education 

OK  OK  OK  OK  No  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  Yes  A (95%) 

Arif 2003  No  OK  No  OK  OK  Ok, stratified 
cluster sample 
age>20 yr 

OK  OK  OK  OK  No  OK  OK  OK  OK  OK  No  OK  OK  OK  OK  Yes  A (82%) 

Le Moual 
2004 

No  OK  OK  OK  No  OK, sample 
from the 
general 
population age 
25‐59 yr 

OK  OK  No  OK  OK  OK  OK  OK  No  OK  OK  OK  OK  OK  OK  No  B (77%) 

Delclos 2007  OK  OK  OK  OK  OK  OK, random 
sample of 
health care 
professionals 

OK  OK  OK  No  OK  OK  OK  OK  No  OK  OK  OK  OK  OK  OK  Yes  A (91%) 

Eng 2010  OK  OK  OK  OK  OK  OK, random 
sample of the 
New Zealand 
population 
aged 20‐64 
years 

OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  No  OK  OK  OK  No  OK  A (91%) 

                                               

Cross‐sectional studies in working groups                                           



Zock 2001  No  OK  OK  OK  OK  OK, random 
and 
symptomatic 
subsamples of 
the population 
age 20‐44 yr 

OK  OK  OK  OK  No  OK  OK  OK  No  OK  OK  OK  OK  OK  No  Yes  A (82%) 

Maçãira 
2007 

No  OK  OK  OK  OK  OK, Systematic 
sample of 
cleaning 
workers 

OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  A (95%) 

Obadia 2009  No  OK  OK  OK  OK  OK, random 
sample of 
cleaning 
workers from 
two union 
locals from  

OK  OK  OK  OK  No  OK  OK  OK  OK  OK  No  OK  OK  OK  No  OK  A (86%) 

Vizcaya 2011  No  OK  OK  OK  OK  Unclear, 
possible 
participation 
bias 

OK  OK  OK  OK  No  OK  OK  OK  No  OK  OK  OK  OK  OK  OK  OK  A (82%) 

OKCorradi 
2011 

OK  OK  OK  OK  No  No  OK  OK  No  NO  No  OK  No  OK  OK  No  No  OK  OK  OK  No  No  B (55%) 

                                               

Longitudinal population‐based studies                                           
Hellgren 
2002 

No  OK  OK  No   OK  OK, random 
subsample of 
population age 
21‐51 yr 

OK  OK  OK  OK  No  OK  OK  OK  OK  OK  OK  No  OK  OK  No  OK  B (77%) 

Kogevinas 
2007 

OK  OK  OK  OK  OK  OK, random 
sample from 
the general 
population age 
20‐44 yr 

OK  OK  OK  OK  No  OK  OK  No  No  OK  OK  OK  OK  OK  No  OK  A (82%) 

Radon 2008  No  OK  OK  OK  OK  OK, random 
sample from 
the general 
population age 
20‐44 yr 

OK  OK  OK  OK  No  OK  OK  OK  OK  OK  OK  OK  OK  OK  No  OK  A (86%) 

                                               

Longitudinal studies in working groups                                           
Nielsen 1999  OK  OK  OK  OK  OK  OK,  all public 

offices, half of 
the nursing 

homes and half 
of the schools 
in Copenhagen 

and West 
Zealand, 
Denmark 

No  OK  OK  OK  No  OK  OK  OK  No  No  No  No  OK  OK  No  OK  B (68%) 



Zock 2007  OK  OK  OK  OK  No  OK, random 
sample of 
nonprofessional 
home cleaners 
from the 
general 
population age 
20‐44 yr 

OK  OK  OK  OK  OK  OK  OK  OK  No  OK  OK  OK  OK  OK  OK  OK  A (91%) 

                                               

Case‐control studies                                             
Ng 1994  OK  OK  OK  No  OK  OK, adult 

patients with 
asthma from 
community‐
based 
government 
outpatient 
clinics 

OK  OK  OK  OK  No  OK  OK  OK  OK  OK  OK  OK  OK  OK  No  No  A (82%) 

Kennedy 
2000 

No  OK  OK  OK  No  OK, asthmatic 
cases recruited 
from hospital 
chest clinics in 5 
French cities 
age 18‐65 yr 

OK  OK  OK  OK  No  OK  OK  OK  OK  OK  OK  No  OK  OK  No  OK  A (82%) 

Jaakkola 
2003 

OK  OK  OK  OK  OK  OK, 1997‐200 
new asthma 
cases from 
south Finland 
age 21‐63 yr 

OK  OK  OK  OK  No  OK  OK  OK  OK  OK  No  OK  OK  OK  No  OK  A (86%) 

Le Moual 
2005 

OK  OK  OK  OK  No  OK, asthmatic 
cases recruited 
from hospital 
chest clinics age 
18‐65 yr 

OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  A (95%) 

Medina‐
Ramón 2005 

OK  OK  OK  OK  OK  OK, domestic 
cleaning 
women with 
asthma and/or 
chronic 
bronchitis 
symptoms from 
a random 
sample of  
female 
population age 
30‐65 yr  

OK  OK  OK  OK  OK  OK  OK  OK  OK  OK  No  OK  OK  OK  OK  OK  A (95%) 

Henneberger 
2010 

No  OK  OK  No  OK  OK, 
occupationally 
exposed cases  
with current 
asthma 
recruited from 
random and 
symptomatic 
subsamples of 
the population 
age 20‐44 yr 

OK  OK  OK  OK  No  OK  OK  OK  OK  OK  OK  OK  OK  OK  Yes  No  A (82%) 

Le Moual 
2012 

OK  OK  OK  OK  No  OK, females 
with detailed 
information on 
domestic 
exposures in 
particular to 
sprays 

OK  OK  OK  OK  OK  OK  No  OK  No  OK  OK  OK  OK  OK  OK  OK  A (86%) 

*Reporting quality: A, more than 80% of STROBE criteria fulfilled; B, 50‐80% of STROBE criteria fulfilled (A Mendy et al., 2011).                                

ECRHS, European Community Respiratory Health Survey; SPT, skin prick test; ECRHS‐II, ECRHS phase II (follow‐up); NHANES, National Health and Nutrition Examination                                                                                                                  

Survey; PARC, Pollution Atmosphérique et Affections Respiratoires Chroniques; ISAAC, International Study of Asthma and Allergies in Childhood; NS, not stated.                         
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