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Abstract
Objective  To review the literature on respiratory effects of persulfate salts (PS) or hair bleaches in hairdressers and animal 
models exploring mechanisms behind PS-induced asthma.
Methods  A systematic review according to the PRISMA guidelines was performed. Studies published from 2000 to July 2021 
that fulfilled predefined eligibility criteria were retrieved. Data were not quantitatively synthesized due to the heterogeneity 
of study designs, outcomes and methods.
Results  Forty-two articles were included. PS are indicated as the main cause of occupational rhinitis and asthma in hairdress-
ers, and one of the leading causes of occupational asthma in some European countries. Bleaching products are indicated 
as the most important factor for development of respiratory symptoms, lung function decline, and leaving the hairdress-
ing profession. Risk estimates from a good quality prospective study showed up to 3.9 times higher risk for wheezing and 
breathlessness in hairdressers aged ≥ 40 years than in matched controls, and 20 times higher risk in hairdressers to develop 
respiratory symptoms from exposure to bleaching powder than controls. Pathophysiological mechanisms of the respiratory 
response to PS are not yet fully elucidated, but may include non-specific and specific immune responses.
Conclusions  Hairdressing is associated with a wide spectrum of respiratory adverse effects, of which bleaching products 
were indicated as the most hazardous. Preventive measures for reducing inhalatory exposure to PS in hair salons should be 
re-evaluated, including adopting occupational exposure limits at EU level, and encouraging use of safer bleach formulations.
PROSPERO registration number  CRD42021238118.
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Introduction

Persulfate salts (PS) commonly used in hair products 
are ammonium ((NH4)2S2O8; CAS 7727-54-0 [APS]), 
potassium (K2S2O8; CAS 7727-21-1[PPS]) and sodium 
(Na2S2O8; CAS 7725-27-1) persulfate. These water-sol-
uble, highly reactive low molecular compounds are used 
to color, lighten or bleach hair, but are also found in ton-
ics, hair conditioners, and other hair grooming aids, and 
cosmetic products such as eye make-ups and toothpastes. 
Hairdressing products generally contain a combination 
of two or, sometimes, all three PS at concentration range 
from 0.1 to 60%, formulated as powders (mixed with 
hydrogen peroxide just before application), creams or liq-
uids (Cosmetic Ingredient Review 2018).

Due to their properties as water-soluble inorganic salts, 
PS rapidly hydrolyze upon contact with water or water 
vapour to form cations (ammonium, potassium, sodium) 
and sulfate anions which are physiologically present 
in organisms. Considering their low vapour pressures, 
exposure to PS via inhalation is unlikely unless they are 
aerosolized during use. Dermal absorption is likely to be 
neglectable as was confirmed in skin toxicity studies with 
primary local effects revealed. Following oral administra-
tion PS salts will hydrolyze in the acid environment of the 
stomach to the corresponding cations, and PS anions will 
undergo further decomposition to sulfate species. Conse-
quently, they are not likely to be systemically available as 
PS by inhalation, ingestion, or skin exposure (Cosmetic 
Ingredient Review 2018).

Toxicity and adverse health effects of persulfates have 
been previously reviewed by several expert panels and 
regulatory bodies (Cosmetic Ingredient Review 2018; 
NICNAS 2001; DFG 2002; OECD 2005; De Wit-Bos 
et al. 2014; ANSES 2019) and identified as health risk in 
the hairdressing sector (EU-OSHA 2014). Acute toxic-
ity studies in rats showed relatively low oral and dermal 
toxicity while acute inhalation exposure resulted in gross 
lesions of the lungs, liver, stomach, and spleen. When rats 
were exposed to aerosolized APS for 7 days, evidence of 
severe lung damage was observed. PS were tested positive 
in the guinea pig sensitization assay and in the mouse local 
lymph node assay (LLNA). No evidence of genotoxicity, 
reproductive/developmental toxicity, and tumor promotion 
or carcinogenicity was found in the available animal data.

Data about the adverse health effects of PS in humans 
from studies published before 2000 originate mostly from 
case reports showing dermal and respiratory problems 
associated with exposure to PS in occupational (mostly 
chemical industry workers and hairdressers) and in non-
occupational conditions (mostly hairdressers' clients 
undergoing hair bleaching). Cases of irritant dermatitis, 

allergic contact dermatitis, localized contact urticaria, 
generalized urticaria, rhinitis, asthma, and syncope were 
reported (Pang and Fiume 2001). However, data on the 
prevalence and incidence of respiratory disorders caused 
by PS are missing. While the pathophysiological mecha-
nism of delayed-type (type IV) allergic reaction is well 
documented as a basis for development of allergic contact 
dermatitis, data on the mechanisms underlying respiratory 
responses are scarce and not consistent. It was shown that 
PS are respiratory irritants, and can act as non-specific 
histamine liberators, but there was also clinical evidence 
about the sensitizing properties of PS by mean of imme-
diate-type (type I) allergic reaction (DFG 2002; Pang and 
Fiume 2001).

The aim of this study was to review the literature pub-
lished in the last 20 years regarding respiratory effects of PS 
or hair bleaches in hairdressers and animal models explor-
ing mechanisms behind PS induced asthma. We searched 
for new data on the prevalence, incidence, risk estimates, 
and pathophysiological mechanisms of respiratory responses 
caused by PS in hairdressers as the high-risk occupation.

Methods

This study is a part of a project reviewing toxicity of impor-
tant hazardous hair and nail cosmetic ingredients in hair-
dressers. A detailed protocol for systematic reviews per-
formed within this project has previously been published 
(Uter et al. 2021a), and registered under the PROSPERO 
registration number CRD42021238118 (Uter et al. 2021b). 
It is based on the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis Protocols (PRISMA-P) (Sham-
seer et al. 2015).

Search strategy

A search was performed in Medline, Web of Science Core 
Collection, Cochrane Library, Toxicological Dossiers of the 
Scientific Committee on Consumer Safety (SCCS) of the 
European Commission, and of the German MAK Commis-
sion in the period from April to July 2021.

The search was composed of two modules: substance 
identifiers, and systemic/respiratory toxicity endpoints as 
shown in the supplemental Appendix A. Observational 
studies (case–control studies, prospective and retrospective 
cohort studies, cross-sectional studies, clinical series, case 
reports), and experimental studies with full text in English, 
published from 2000 and onwards were eligible for inclu-
sion if providing information on the: 1) adverse respiratory 
effects of hair bleaches or PS in hairdressers and hairdress-
ing apprentices, and 2) respiratory toxicity of PS in animal 
models.
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The search results were imported from explored 
databases into Zotero libraries, where duplicates were 
removed before two independent reviewers assessed 
each study by title, key words and abstract using Rayyan 
(online tool: https:// rayyan. qcri. org/). Studies on which 
agreement for inclusion was reached, based on the pre-
defined eligibility criteria, were retrieved for full-text 
analysis. Reasons for non-inclusion are summarised in 
the PRISMA flowchart (Fig. 1) (Page et al. 2021). The 
search was supplemented with hand searches of reference 
lists of already identified eligible studies, and a forward-
snowballing citation analysis was conducted based on 
relevant sources found in the database searches.

Data extraction

Two reviewers independently extracted the data from studies 
meeting the inclusion criteria using two separate publica-
tion record forms (PRFs) for observational and experimental 
studies. The following data were extracted for observational 
studies: Publication ID, year of study execution, country of 
origin, study design, methods, study setting and population 
involved, information on basic characteristics of participants 
(eg. age, gender), number of participants, number of positive 
outcome(s), and funding source. For experimental studies, 
publication ID, year of study execution, country of origin, 
study design, methods, study setting, test article, animals 
(species, sex, number), outcomes, and funding source were 
documented. Outcomes were extracted in subcategories: 1) 
respiratory symptoms, respiratory diseases, occupational 
respiratory diseases among hairdressers, and 2) respiratory 

Fig. 1   PRISMA flow-chart 
(Page et al. 2021) Identification of studies via databases and registers 
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outcomes in animal models exposed to PS. We were combin-
ing information in case of more than one publication reports 
on the same study reporting on different outcomes.

Quality assessment

Criteria for the evaluation of quality and risk of bias for 
this systematic review were made by authors using four 
sources: i) mixed methods research appraisal (Pluye et al. 
2009); ii) Cochrane collaboration (Sterne et al. 2020); iii) 
working group of the US EPA (Anon. 2003); and iv) animal 
studies guidance developed by the US National Toxicology 
Program’s Office of Health Assessment and Translation 
(OHAT) and outlined in OHAT’s risk of bias documentation 
(National Toxicology Program 2019). Criteria consisted of 
three parts regarding appropriate design, sampling and sam-
ple, justification of methodology (validity and standards), 
and justification/presentation of results. A maximal score of 
15 was possible for clinical observational and experimental 
animal studies (case reports were not evaluated). Criteria 
were described in details in the supplemental Appendix B. 
A score yielding a proportion ≥ 70% (i.e. ≥ 10.5 points) was 
considered of good quality and a score < 70% to be of lower 
quality. Two reviewers who independently extracted the data 
from included studies also assessed the quality of studies, 
including the risk of bias.

Data analysis

Owing to the heterogeneity of study designs, outcomes and 
methods, no attempt was made to quantitatively pool study 
results in terms of a meta-analysis. A narrative synthesis of 
data was done, focusing on prevalence, incidence, and risk 
estimates related to respiratory responses to PS exposure 
in hairdressers, as well as pathophysiological parameters 
documented in respiratory responses to PS in hairdressers 
and animal models. Summary tables present the main char-
acteristics of the included studies, their findings as well as 
their quality ratings (Tables 1, 2, 3, 4 and 5).

Results

The process of identification, screening and inclusion 
of studies (PRISMA flowchart) is presented in Fig. 1. In 
total, 42 studies were included consisting of: (1) clinical 
observational studies and case reports (n = 19) describing 
occupational respiratory diseases caused by PS; (2) reports 
from national surveys or registries of occupational diseases 
(n = 4); (3) clinical observational studies assessing rela-
tion between respiratory symptoms/diseases and PS/bleach 
exposure (n = 10); and (4) experimental studies assessing 
response of the respiratory system to PS exposure in animal 

Table 1   Reports of occupational asthma (OA) caused by persulphates (PS) in hairdressers from national surveys or registries (n = 4)

*Maximum score = 15; scores ≥ 70% of maximum score are in bold
†Studies with the indicated risk of bias

Author, year of publica-
tion, country

Study period, study 
design, respiratory 
outcome

Methods N cases Main outcomes Quality 
assessment 
Total score*

Kopferschmitt-Kubler 
et al. (2002)

France

1997
Cross-sectional
OA
1-year report

Structured reports from 
physicians about OA

559 OA cases Hairdressers 5.2% (4th 
place)

PS as cause in OA in 4.1% 
of all cases (5th place)

10.5

Ameille et al. (2003)
France

1996–1999
Retrospective cohort
OA

OA cases reported to the 
national register

2178 OA cases 149 OA cases in hairdress-
ers (4th place),

PS as cause of OA in 137 
cases;

PS were cause of OA in 
5.8% of all OA cases 
(5th place)

13

Orriols et al. (2006)
Spain

2002
Cross-sectional
Occupational
respiratory
diseases

Survey
Reports about cases of 

occupational respiratory 
diseases from physicians

359 cases Most common occupa-
tional respiratory disease 
was asthma in 174 cases 
(48.5%);

PS as cause of OA in 
21 (12.1%) cases (2nd 
place)

10

Moscato et al. (2014)
Italy

Cross-sectional
OA

Survey
Reports about OA cases 

from allergologists

80 OA cases 15% of OA cases in hair-
dressers (2nd place)

PS as cause in 11.1% of all 
cases (4th place)

8.5†
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models (n = 7). A score ≥ 70% was found in 27 out of 34 
(79.4%) studies assessed for quality (Tables 1,2,4 and 5). 
Observational studies of poor quality were included in the 
narrative synthesis of data if there was no indication of bias. 
Indication of selection bias was not found, while informa-
tion bias was suspected in two studies based on web/e-mail 
questionnaires (Moscato et al. 2014; Norlien et al. 2017). 
The study of Norlien et al. (2017) was not taken into con-
sideration, while the study of Moscato et al. (2014) was 
interpreted along with other studies based on national sur-
veys and registries because its results were in line with other 
studies. Unclear risk of selection bias due to the poor report-
ing was identified in four experimental studies where rand-
omization was not described (Cruz et al. 2016; Olle-Monge 
et al. 2014, 2017; De Vooght et al. 2010), and unclear risk of 
information bias was found in three studies without details 
on APS purity (Dellabianca et al. 2010, 2020; De Vooght 
et al. 2010). However, these are all mechanistic studies with 
robust methodology and consistent outcomes in line with the 
results of similar studies where risk of bias was not identified 
and are consequently included in this review. Main results 
are summarized in Fig. 2.

Occupational rhinitis and asthma caused 
by persulphates

National surveys and registries of occupational 
diseases

Four studies reporting data about occupational respiratory 
diseases from national registries and surveys were found 
(Kopferschmitt-Kubler et al. 2002; Ameille et al. 2003; 
Orriols et al. 2006; Moscato et al. 2014) (Table 1). The larg-
est study described data from the French national registry 
including all occupational asthma (OA) cases (n = 2178) 
for the period 1996–1999. Hairdressers were shown as the 
fourth most frequent occupation with a total of 149 OA cases 
which were in 137 cases caused by PS. In a list of causative 
factors for OA, PS were listed as a fifth most frequent cause 
(5.8% of all OA cases) (Ameille et al. 2003). In a survey 
from Spain on occupational respiratory diseases (n = 359) 
reported in 2002, PS were shown as a cause of OA in 12.1% 
of OA cases, making this agent the second most frequent 
cause of OA. Occupation specific incidence rate for occu-
pational asthma was 108 per million person-years in hair-
dressers in comparison to 4.9 in white-collar workers, and 
96 in cleaners (Orriols et al. 2006). An Italian web-survey 
on OA (n = 80) showed hairdressers as the second most fre-
quent occupation, and PS as the fourth most frequent causa-
tive agent for OA (cause of OA in 11.1% of all OA cases) 
(Moscato et al. 2014).O
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Clinical observational studies

Included clinical observational studies confirming PS or hair 
bleaches as a cause of occupational respiratory diseases in 
hairdressers were based on specific inhalation challenge 
(SIC) as a diagnostic „gold standard”. Studies published in 
the period 2003–2005 considered only the development of 
OA and in studies from 2008 to 2016 occupational rhinitis 
(ORh) was also examined. Study design and main outcomes 
from 11 clinical observational studies are shown in Table 2.

Five studies were designed as retrospective cohorts of 
patients (Di Stefano et al. 2004; Moscato et al. 2005, 2010; 

Airaksinen et al. 2008; Hagemeyer et al. 2015). A study 
from Italy described the biggest retrospective cohort of hair-
dressers who underwent a diagnostic procedure for OA in 
the period 1996–2004 (n = 47), with OA diagnosed in 24 
(51.1%) cases, and APS as a cause of OA in 21 out of 24 
(87.5%) cases (Moscato et al. 2005). This cohort was supple-
mented in the second study for the period 1996–2008 with 
26 hairdressers with established diagnosis of OA by means 
of a diagnostic protocol for ORh caused by APS, revealing 
12 (46.2%) cases of OA, and 14 (53.8%) cases of OA and 
ORh. A retrospective cohort of patients with OA due to low 
molecular weight agents from Italy (n = 98) for the period 

Fig. 2   Main goals and outcomes 
of the systematic review Persulphate (PS) ion 

Occupa�onal chemical hazard for hairdressers 
(bleaching powders, creams or liquids, concentra�on 0.1 -60%)  

Exposure:  inhala�on

Target organs: upper and lower respiratory system 

Epidemiological data:  

PS are the main cause of occupa�onal rhini�s 
and asthma in hairdressers and one of the 
leading causes of occupa�onal asthma in some 
European countries   

Bleaching products are indicated as the most 
important factor for development of respiratory 
symptoms, lung func�on decline, and leaving 
the hairdressing profession  

Hairdressers had a calculated 20-�mes higher 
risk of developing respiratory symptoms from 
hair bleach exposure than people with no 
occupa�onal exposure  

Pathophysiological mechanisms of the 
respiratory response to PS are not fully 
understood, mul�ple mechanisms are 
suggested: 

Non-specific immune response 

1. Chemical irrita�on 
2. Epithelial damage 
3. Histamine libera�on 

Specific immune (allergic) response 

1. non-IgE mediated sensi�za�on with 
late bronchial responses and 
eosinophilic inflamma�on 

2. concomitant skin and respiratory 
symptoms, early and late allergic 
reac�ons to PS showed in some 
hairdressers (posi�ve skin prick and 
patch test to PS)  

Animal models 

1. Primary skin exposure to PS lead to 
systemic sensi�za�on and asthma 
a�er secondary inhala�on exposure 

2. Mixed Th1/Th2 immune response 

Suggested preven�ve/control measures  

1. Adop�ng harmonized OEL at EU level 
2. Use of safer bleach formula�ons 

(ready-to-use liquid, cream, paste)
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1993–2001 confirmed PS as cause of OA in 3 (3%) cases, 
with hairdressers as common occupation (Di Stefano et al. 
2004). A large retrospective cohort of patients who under-
went diagnostic procedure for ORh from Finland (n = 2067) 
reported PS as the most common agent causing rhinitis in 
hairdressers (Airaksinen et al. 2008). From 82 specific inha-
lation challenges with PS, 8 positive nasal responses, and 11 
positive bronchial responses were observed.

Nine studies performed skin prick tests to APS and/or 
PPS as a part of the diagnostic protocol for OA and/or ORh 
(Table 2). Skin prick tests with PS were negative in all tested 
subjects in six studies (Moscato et al. 2005; Moscato et al. 
2010; Diab et al. 2009; Kronholm Diab et al. 2014; Foss-
Skiftesvik et al. 2016; Nielssen et al. 2016), and were posi-
tive in one out of eight, four out of eight, and five out of 
eight subjects in three studies (Munoz et al. 2003; Munoz 
et al. 2004; Hagemeyer et al. 2015). Specific IgE to PS was 
retrieved in only one study, with negative result (Diab et al. 
2009). Patch tests with PS were performed in three studies 
with positive results in the minority of subjects (Moscato 
et  al. 2005, 2010; Hagemeyer et  al. 2015). In study of 
Moscato et al. (2010), 8 out of 26 cases were patch tested 
positive to APS with an additional diagnosis of occupational 
allergic contact dermatitis, and skin symptoms preceded res-
piratory symptoms in all cases.

The pattern of bronchial response in positive SIC with 
PS was described in 5 studies, and late responses prevailed 
in all studies making around two thirds of all responses 
(Moscato et al. 2005; Moscato et al. 2010; Munoz et al. 
2004; Hagemeyer et al. 2015; Foss-Skiftesvik et al. 2016). 
Two studies described a pattern of nasal response in posi-
tive SIC, revealing a different outcome with domination of 
early response (Moscato et al. 2010; Foss-Skiftesvik et al. 
2016). Pattern of eosinophilic inflammation was found dur-
ing SIC in induced sputum and nasal lavage in three studies 
(Moscato et al. 2005, 2010; Kronholm Diab et al. 2014), and 
one study found increased eosinophils in blood (Hagemeyer 
et al. 2015).

A case–control study with atopic control subjects not 
occupationally exposed to hair bleach revealed that nasal 
SIC with PS affects hairdressers with rhinitis to bleach 
as well as atopics. However, nasal response showed some 
differences. Hairdressers with rhinitis to bleach showed 
increases in apolipoprotein A1, IL-5, IFN-Y in post SIC 
nasal lavage, while, in atopics, an increase in IL-5 and IL-13 
was found (Diab et al. 2009; Jonsson et al. 2009; Karedal 
et al. 2010). One study showed positive SIC to PS in one 
out of eight control subjects with asthma not caused by PS, 
no positive SIC in ten healthy control subjects, in contrast 
to six (among these five hairdressers) out of eight subjects 
with asthma and occupational exposure to PS (Munoz et al. 
2004). The study from Denmark included 19 hairdressers 
with work-related rhinitis and/or asthma, 12 symptomatic 

controls (10 with allergic asthma and rhinitis and 2 with 
non-allergic asthma), and 40 healthy controls. None of the 
symptomatic controls had a nasal or bronchial response to 
SIC with PPS. Six hairdressers had nasal and two bronchial 
responses. All three groups showed non-specific non-IgE-
mediated histamine release to PS in histamine-release tests 
(Foss-Skiftesvik et al. 2016).

Case reports

Literature search revealed eight case reports (Harth et al. 
2006; Figueiredo et al. 2008; Bregnhøj and Søsted 2009; 
Pala et al. 2011; Hoekstra et al. 2012; Hougaard et al. 2012; 
Herin et al. 2012; Kleniewska et al. 2016) providing support-
ing evidence on OA and ORh in hairdressers caused by PS 
(Table 3). Two case reports described both contact dermatitis 
and asthma with type I and type IV allergic reactions to APS 
in terms of positive skin prick and patch tests (Hougaard 
et al. 2012; Bregnhøj and Søsted 2009). Another case report 
confirmed a diagnosis of irritant vocal cord dysfunction after 
exposure to PS (occupational asthma was excluded by SIC) 
(Herin et al. 2012). Two case reports presented develop-
ment of systemic hypersensitivity reactions provoked by PS 
in hairdressers. In one case following rhinitis and asthma, 
contact urticaria after skin contact also developed (Hoek-
stra et al. 2012). In another case report, a hairdresser with 
allergic contact dermatitis and rhinitis to PS developed con-
tact urticaria at work, and suffered from anaphylaxis (facial 
oedema, severe dyspnoea) after non-occupational contact 
with PS from dental cement (Kleniewska et al. 2016).

Exposure to persulphate/bleach 
in hairdressers and respiratory symptoms/
lung function decline

Literature search revealed nine epidemiological studies 
assessing exposure and development of respiratory symp-
toms or diseases, and changes in lung function in hairdress-
ers in relation to hair bleach exposure (Table 4). All studies 
used a questionnaire as the methodological approach, and 
three studies added lung function measurement. However, 
quantitative analysis was not possible due to the differences 
in questionnaires regarding form and implementation (web, 
e-mail, printed, fill-out by participants or investigators), and 
the way the type, onset and duration of respiratory symptoms 
was documented.

Five cross-sectional studies compared hairdressers (Albin 
et al. 2002; Hashemi et al. 2010; Hassan and Bayomy 2015; 
Norlien et  al. 2017) or hairdressing apprentices (Foss-
Skiftesvik et al. 2017) to a control group of subjects not 
occupationally exposed to hairdressing chemicals. A study 
performed in Sweden examined asthma incidence in a large 
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sample of hairdressers (n = 3957) and control subjects from 
the general population (n = 4905) in the period 1996–1997. 
A moderately increased risk for asthma was found in non-
smoking hairdressers in comparison to controls in a model 
adjusted for the calendar year, hay fever and region of resi-
dence (incidence rate ratio [IRR] 1.6, 95% CI 1.1 to 2.2; 
asthma incidence 4.4 vs 2.5 per 1000 person-years, respec-
tively). Additionally, a slightly, but not significantly, higher 
risk for asthma was found in hairdressers who most often 
used bleaches (IRR 1.5, 95% CI 0.7 to 3.0; asthma incidence 
4.7 per 1000 person-years) and hair sprays (IRR 1.4, 95% 
CI 0.8 to 2.4; asthma incidence 4.7per 1000 person-years) 
(Albin et al. 2002). A study on hairdressing apprentices 
(n = 504) and a control group (n = 1400) from Denmark 
found a significantly higher 1-year prevalence of rhinitic 
symptoms in hairdressing apprentices than controls (58.1 vs 
46.6%, respectively; crude OR 1.6, 95% CI 1.3–1.9), while 
such difference was not found for asthma. These findings 
were confirmed in models adjusted for smoking, education 
level, and degree of rurality. Bleaching products were the 
most frequently reported cause of respiratory symptoms 
by hairdressing apprentices (Foss-Skiftesvik et al. 2017). 
Studies from Egypt and Iran (Hashemi et al. 2010; Has-
san and Bayomy 2015) found significantly more prevalent 
self-reported respiratory symptoms in hairdressers than in 
control subjects, but only in one study bleaching powder 
and hair sprays were reported as the most irritant chemi-
cals provoking respiratory symptoms (Hashemi et al. 2010), 
while another study did not find such relation (Hassan and 
Bayomy 2015).

Four studies had a prospective design (Hollund et al. 
2001, 2003; Iwatsubo et al. 2003; Lysdal et al. 2014; Nemer 
et al. 2015), and one of them was performed on hairdressing 
apprentices (Iwatsubo et al. 2003). A study from Norway 
with a follow-up from 1995 to 1999 revealed that hairdress-
ers over 40 years of age reported significantly more symp-
toms of wheezing (56 vs 24%, respectively, OR 3.3; 95% 
CI 1.0 to 11) and breathlessness (68 vs 33%, respectively, 
OR 3.9; 95% CI 1.1 to 14) than controls (office workers) in 
a model adjusted for atopy and smoking. Hairdressers also 
reported significantly more symptoms of wheezing, breath-
lessness, or runny nose from exposure to bleaching powder 
than controls (44 vs 3%, respectively, OR 20; 95% CI 4.3 to 
96) in a model adjusted for atopy, age, and smoking, limited 
to hairdressers and those office workers reporting use of any 
hair treatment products (Hollund et al. 2001). This study, 
and a study from Denmark (cohort of 5324 hairdressers fol-
lowed in a period 1985–2007 by questionnaire) showed that 
exposure to bleaching products was the most important fac-
tor for development of respiratory symptoms and for leav-
ing the hairdressing profession (Hollund et al. 2003; Lysdal 
et al. 2014). A study from Palestine with the follow-up of 
hairdressers in the period 2008–2013 (n = 170) showed that 

hairdressers who applied bleach more than five times per 
week had a slightly stronger, but statistically not signifi-
cant decline of FEV1 (forced expiratory volume in the first 
second) compared to those who applied it less frequently 
(Nemer et al. 2015). A prospective study on hairdressing 
(n = 297) and office (n = 248) apprentices from France in the 
period 1994–1997 showed the deterioration of lung func-
tion in hairdressing apprentices during the follow-up period 
which was not found in office apprentices, but no signifi-
cant correlation was found between change in lung function 
and specific hairdressing activities, including frequency of 
bleaching (Iwatsubo et al. 2003).

Three studies showed the self-reported frequency of per-
forming bleaching procedure in hairdressers (Albin et al. 
2002; Hassan and Bayomy 2015; Nemer et al. 2015), and 
one study in hairdressing apprentices (Iwatsubo et al. 2003). 
A study from Sweden showed that 69% of hairdressers per-
formed bleaching procedure ≥ 2 times per week, and 10% ≥ 8 
times per week (Albin et al. 2002). An Egyptian study found 
that 64% of hairdressers performed hair bleaching ≥ 1 time 
per day, and 29% ≥ 5 times per day (Hassan and Bayomy 
2015). A Palestinian study showed that 38% of hairdressers 
reported bleaching procedure ≥ 5 times per week (Nemer 
et al. 2015). A French study found that 49% of hairdressing 
apprentices performed hair bleaching ≥ 1 time per day, and 
8% ≥ 5 times per day (Iwatsubo et al. 2003). Additionally, a 
study from Norway reported hairdressers performing chemi-
cal treatment of hair (using hair dye, and bleaching powder 
altogether) in 13 clients per week on average (Hollund et al. 
2001).

Experimental studies in animal models 
evaluating respiratory response 
to persulphates

Seven experimental studies assessing inhalation toxicity 
and mechanisms of respiratory response to PS exposure 
in animal models were included (Table 5). This search 
identified only one 90-day inhalation toxicity study in rats 
exposed to APS conducted in line with Organisation for Eco-
nomic Co-operation and Development Guidelines for test-
ing of chemicals (OECD TG) 413 (Signorin et al. 2001). 
The no-observed-adverse-effect concentration (NOAEC) 
was 10.3 mg/m3, based on clinical signs, decreased body 
weights, elevated lung weights and microscopic lesions of 
the trachea and bronchi/ bronchiole, which were evident at 
the lowest-observed-adverse-effect concentration (LOAEC) 
of 25.0 mg/m3 (the highest dose tested).

Two studies showed that high concentrations of inhaled 
APS inhibit non-adrenergic, non-cholinergic (NANC) relax-
ation in guinea-pig isolated trachea suggesting the role of 
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APS inhalation in airway tone regulation (Dellabianca et al. 
2010, 2020).

The potential of APS of triggering an asthma-like 
response based on dermal sensitization and intranasal chal-
lenge was demonstrated in four in vivo studies, in the vali-
dated mouse model of chemical-induced non-atopic asthma 
(DeVooght et al. 2010; Cruz et al. 2016; Olle-Monge et al. 
2014, 2017). Several features of human OA were induced 
one day after intranasal instillation of APS in dermally sensi-
tized mice: airway hyperresponsiveness (AHR), neutrophilic 
inflammation, increased levels of total serum IgE, T and 
B cell proliferation and increased levels of Th2 cytokines 
(interleukin (IL)-4, IL-10 and IL-13) (DeVooght et al. 2010). 
A study investigating the time course of immunologic and 
respiratory responses after dermal sensitization showed that 
respiratory responsiveness to methacholine tends to persist 
even 60 days after initial APS sensitization, that is much 
longer than inflammation. There was evidence of systemic 
sensitization with an increase in IgE at early stages (15 days 
after initial dermal application), while high IgG levels 
appeared later (Cruz et al. 2016). Persistence of asthmatic 
response in APS-treated mice was confirmed in other two 
studies by Olle-Monge et al. (2014, 2017). AHR appeared 
immediately and a sustained increase lasted up to 4 days 
after the challenge. In BAL fluids, a significant increase in 
the percentage of neutrophils, but no eosinophils were found 
8 h after the challenge, persisting for 24 h. Increased levels 
of IL-2, IL-10 and IL-13 in BAL fluid and IL-5 in tissue 
homogenate in AP-treated mice suggested a mixed Th1-
Th2-type immune response in sensitized mice. Total serum 
IgE was slightly increased 4 days after the AP challenge, 
returning to baseline level 1 week later, while IgG levels 
gradually increased further for 4–15 days. Anti-IgE mono-
clonal antibody treatment almost completely neutralized free 
serum IgE, abolished AHR, significantly reduced the total 
number of eosinophils and neutrophils and IL-13 levels in 
the BAL 24 h and 48 h after the last challenge (Olle-Monge 
et al. 2017).

Discussion and conclusions

Hairdressers are exposed to hair bleaches significantly more 
often than their clients or consumers using hair-bleaching 
products at home. About two-thirds of hairdressers and 
about half of hairdressing apprentices reported performing 
bleaching procedures two or more times per week, or one or 
more times per day (Albin et al. 2002; Hassan and Bayomy 
2015; Iwatsubo et al. 2003). Clients usually do not have hair 
bleaching performed more than once in a month. Studies 
from Scandinavian countries showed an about 1.5 times 
higher risk for self-reported rhinitis symptoms in hairdress-
ing apprentices, and for self-reported asthmatic symptoms 

in hairdressers, in comparison to controls occupationally not 
exposed to hair bleaches (Foss-Skiftesvik et al. 2017; Albin 
et al. 2002). The risk for asthma symptoms in hairdress-
ers is increasing with age, being about 3.5 times higher in 
hairdressers aged 40 years or more than in matched controls 
(Hollund et al. 2001). Bleaching products were indicated as 
the most important factor for the development of respiratory 
symptoms, lung function decline, and leaving the hairdress-
ing profession (Albin et al. 2002; Hashemi et al. 2010; Hol-
lund et al. 2003; Lysdal et al. 2014; Nemer et al. 2015; Iwat-
subo et al. 2003; Foss-Skiftesvik et al. 2017). A study from 
Norway showed that hairdressers had a 20 times higher risk 
to develop respiratory symptoms from exposure to bleach-
ing powder than controls occupationally not exposed to hair 
bleaches (Hollund et al. 2001). PS are indicated as the main 
cause of ORh and OA in hairdressers (Moscato et al. 2005, 
2010; Airaksinen et al. 2008; Ameille et al. 2003), and one 
of the leading causes of OA in some European countries, 
especially in France, Italy and Spain (Moscato et al. 2014; 
Ameille et al. 2003; Orriols et al. 2006). In this respect, 
this review builds on evidence from retrospective cohorts 
of patients undergoing a specific inhalatory challenge as a 
“gold standard” in confirming OA as well as from data from 
national registries for OA. A case report added a diagnosis 
of irritant vocal cord dysfunction after exposure to PS to the 
list of occupational respiratory diseases that may be pro-
voked by PS in hairdressers (Herin et al. 2012). Two case 
reports presented development of systemic hypersensitiv-
ity reactions provoked by PS in terms of contact urticaria 
and anaphylaxis in hairdressers suffering from respiratory 
disorders caused by PS, suggesting that hairdressers with 
respiratory responses to PS should be closely monitored in 
case of persisting PS exposure at the workplace (Hoekstra 
et al. 2012; Kleniewska et al. 2016).

Pathophysiological mechanisms of the respiratory 
response to PS are not fully understood. Experimental stud-
ies of APS-induced respiratory hyperreactivity suggest dif-
ferent patterns of respiratory inflammation and hyperreac-
tivity due to the chemical irritation, damage to the mucosal 
membranes and non-specific histamine liberation caused by 
PS. An irritative (non-specific) inflammatory pattern was 
supported by studies showing respiratory responses to inha-
latory challenges with PS in a small proportion of sympto-
matic control subjects (atopics or asthmatics) not occupa-
tionally exposed to PS (Diab et al. 2009; Jonsson et al. 2009; 
Karedal et al. 2010; Munoz et al. 2004). However, inflamma-
tory nasal responses differed qualitatively between exposed 
hairdressers and symptomatic controls (Diab et al. 2009; 
Jonsson et al. 2009; Karedal et al. 2010; Munoz et al. 2004), 
supporting the existence of additional pathophysiological 
patterns, like specific allergic mechanisms. Pathways of 
asthma-like responses based on primary dermal sensitization 
and later intranasal challenge with APS were investigated in 
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the mouse model of chemical-induced non-atopic asthma 
(DeVooght et al. 2010; Cruz et al. 2016; Olle-Monge et al. 
2014, 2017). APS caused an early respiratory response fol-
lowed by prolonged airway hyperreactivity, suggesting that 
dermal contact with PS may lead to airway inflammation 
and asthmatic symptoms, and systemic sensitization with 
a short-term increase in IgE at early stages, and high IgG 
levels appearing later. A mixed Th1-/Th2-type immune 
response was suggested in sensitized mice with increased 
levels of IL-2, IL-10 and IL-13 in bronchoalveolar lavage 
fluid. However, the majority of retrieved epidemiologi-
cal studies do not support Type I or IgE-mediated allergic 
reaction as a pattern of respiratory response to PS, report-
ing negative skin prick tests with PS, and negative specific 
IgE to PS (Moscato et al. 2005; Moscato et al. 2010; Diab 
et al. 2009; Kronholm Diab et al. 2014; Foss-Skiftesvik 
et al. 2016; Nielssen et al. 2016). The pattern of bronchial 
response to PS was mostly in favour of late responses with 
eosinophilic inflammation supporting development of spe-
cific non IgE-mediated sensitization in some exposed indi-
viduals (Moscato et al. 2005; Moscato et al. 2010; Munoz 
et al. 2004; Hagemeyer et al. 2015; Kronholm Diab et al. 
2014; Foss-Skiftesvik et al. 2016). Due to the unclear, and 
possibly several co-existing pathophysiological pathways of 
respiratory responses to PS, the specific inhalation challenge 
is clearly indicated as the only diagnostic test which can 
establish a diagnosis of ORh and OA caused by PS (Munoz 
et al. 2003; Figueiredo et al. 2008).

A recent systematic review on animal models supported 
experimental evidence that skin exposure to low molecular 
weight agents such as PS may lead to systemic sensitization 
and subsequent development of asthma following inhala-
tion exposure (Tsui et al. 2020). Scarce epidemiological and 
clinical evidence also supports a co-existence of skin and 
respiratory responses to PS, with dermatitis mostly found 
prior to the development of asthma, as well as concomi-
tant Type I and Type IV allergic reactions to APS (positive 
skin prick and patch tests) (Moscato et al. 2010; Hougaard 
et al. 2012; Bregnhøj and Søsted 2009). An important role 
for skin barrier and skin exposure in the development of 
Th2-immune response and the subsequent development of 
respiratory disorders was suggested, but is not sufficiently 
defined in humans (Redlich and Herrick 2008; Cruz et al. 
2016). So far, a clear distinction persists between skin and 
respiratory sensitizers and their clinical outcomes (contact 
dermatitis and rhinitis/asthma, respectively), including sepa-
rate diagnostic algorithms.

While skin contact with PS can be significantly reduced 
by protective gloves, inhalatory exposure is a greater chal-
lenge regarding personal protective equipment or other 
safety at work measures. Studies suggest no increased risk 
of occupational respiratory disease from workplace expo-
sures of up to 1 mg/m3 of APS (Signorin et al. 2001; Merget 

et al. 1996). The American Conference for Governmental 
Industrial Hygienists defined the 8-h time-weighted aver-
age OEL for PS at 0.1 mg/m3 (American Conference for 
Governmental Industrial Hygienists 1998), which is also 
accepted in several EU countries (ANSES 2019), but not 
set by regulatory authorities at EU level. Exposure to PS 
could fluctuate through time due to the changes in life-styles 
and fashion, and could differ between countries due to the 
dominant hair colour in the population and/or fashion habits. 
Although not yet confirmed in actual exposure studies, it is 
expected that substituting conventional bleach powder with 
cream, paste, fat droplet-adsorbed (so-called “dust-free”) 
powder, or ready-to-use liquid formulations will reduce PS 
exposure when mixing bleaching ingredients. However, as 
shown by Nielssen et al. (2016), emissions of PS also occur 
during application and probably during removal of bleach. 
Unfortunately, literature data are insufficient in this respect, 
as well as regarding prospective studies on the prevalence 
and incidence of occupational PS rhinitis and asthma in hair-
dressers through the last 20 years.

Strengths of this review are the systematic methods 
including a priori registered and published protocol (Uter 
et al. 2021a,b), good quality of the majority of included stud-
ies, and a qualitative synthesis of data from a broad meth-
odological scope, i.e. clinical, epidemiological and experi-
mental studies.

The limitation of this study is in heterogeneity of included 
studies by methods and outcomes which did not enable 
quantitative data synthesis (meta-analysis). A certain publi-
cation bias was noted in terms of a lack of epidemiological 
data from the last 10 years. This can compromise the rel-
evance of included studies on current occupational condi-
tions regarding hairdressers’ procedures and used products.

To conclude, hairdressers are occupationally more 
exposed to PS than the general population using hair bleach, 
with a calculated 20 times higher risk of developing respira-
tory symptoms from PS exposure than people with no occu-
pational exposure. PS are the main cause of occupational 
rhinitis and asthma in hairdressers and one of the leading 
causes of occupational asthma in some European countries. 
Preventive safety at work measures for reducing inhalatory 
exposure to PS in hair salons should be re-evaluated and 
implemented, including adopting a harmonized OEL at EU 
level. Use of safer bleach formulations and further research 
in this field should be encouraged. For the last 20 years, 
epidemiological data regarding adverse respiratory effects of 
PS in hairdressers are generally scarce, and the lack of well-
conducted cohort studies at EU level is particularly evident.
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