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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.

Keywords Hair bleach - Occupational rhinitis - Occupational asthma - Hairdressing apprentices - Lung function - Specific
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Introduction

Persulfate salts (PS) commonly used in hair products
are ammonium ((NH,),S,04; CAS 7727-54-0 [APS]),
potassium (K,S,0g; CAS 7727-21-1[PPS]) and sodium
(Na,S,04; 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 lig-
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,
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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 . . i .
(Page et al. 2021) [ Identification of studies via databases and registers ]
o
Records identified from:
Databases (n= 2: Medline,
c Web of Science-Core »| Duplicate records removed
2 Collection) (n=798)
S Registers (n= 1: Cochrane
£ registry)
S Toxicological Dossiers (n= 2:
K=} SCCS/EU, German MAK
Commission)
Manual search inclusions
(n=7)
—
A4
Records screened —» | Records excluded
(n=1302) (n=1183)
o
£ Reports sought for retrieval
o (n=119)
o
(3]
(%]
Reports assessed for eligibility
(n=119) Reports excluded (n=77):
Review (n= 6)
Study protocol (n= 2)
Abstract/ poster/ letter (n=5)
- Persulphates/ bleach not stated/
g Studies included in review analysed (n= 46)
3 (n=42) Wrong /unspecified population
e (n=3)
= Wrong outcome (n= 15)
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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: 1) 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)

Author, year of publica- Study period, study Methods N cases Main outcomes Quality

tion, country design, respiratory assessment
outcome Total score*

Kopferschmitt-Kubler 1997 Structured reports from 559 OA cases  Hairdressers 5.2% (4th 10.5

et al. (2002) Cross-sectional

physicians about OA

place)

France OA PS as cause in OA in 4.1%
1-year report of all cases (5th place)
Ameille et al. (2003) 1996-1999 OA cases reported to the 2178 OA cases 149 OA cases in hairdress- 13
France Retrospective cohort national register ers (4th place),
OA PS as cause of OA in 137
cases;
PS were cause of OA in
5.8% of all OA cases
(5th place)
Orriols et al. (2006) 2002 Survey 359 cases Most common occupa- 10
Spain Cross-sectional Reports about cases of tional respiratory disease
Occupational occupational respiratory was asthma in 174 cases
respiratory diseases from physicians (48.5%);
diseases PS as cause of OA in
21 (12.1%) cases (2nd
place)
Moscato et al. (2014) Cross-sectional Survey 80 OA cases 15% of OA cases in hair-  8.57

Italy

OA

Reports about OA cases
from allergologists

dressers (2nd place)
PS as cause in 11.1% of all
cases (4th place)

*Maximum score = 15; scores > 70% of maximum score are in bold

tStudies with the indicated risk of bias

@ Springer



1683

International Archives of Occupational and Environmental Health (2022) 95:1679-1702

SI9SSAIpIIRy
ur O Sursned juagde
UOWIWOd JsouW sem Sq
‘L9/1 Sd 01+ 1dS *sased
11 ur+osuodsar [eryouoiq
‘g ur+osuodsal [eseu
01 (g8 =u) yoealq yim DIS
wnnds paonpur
ur pafreaald uonewweyur
Kemare orjAydoursoq
‘¢ [enp
71 Qe A[1ed 1+ DIS
ur osuodsar [eryouorg
‘oAnedau §Jv 01 LdS
H(%S°LY) Tz ut
asned se §J ‘sased (%]°16)
STl ¥ Ul PIYSI[qRISe VO

uonednddo UOWWOD SE SI9
-SSAIPIIRY YIIM ‘SISBI (%€)

(pojeredos
Jou SI9SsAIpIIeY) /907

SIOSSAIpIIRY /4

(parexedas jou

1opmod

yora[q Itey yim HIs

‘suagio[[e A1ojereyur feuor)
-ednooo pue uowwod 0} 14S

uononput
wmnds ‘Sqv yim DIS
‘IISN ‘“Anowoards “(xaye]
pue sua3Iof[e Alojefeyur
uowrwod 0y g3[ oyroads
pue [e10) ‘STeoTIIAYD Sut
-ssaIpIrey 03 393 yojed
‘SdV “x9e[ ‘suadIofe

KI03RTRYUT UOWWOD 0} IS
suadIoqe
K10)B[RYUI UOWIWOD O} IS
‘Arrenaed OIS ‘Suriojiuowr

190
11000

2Anvadsonay €00T-L661

VO
110402 2A130adsonay
70079661

sjuade JySrom
Ie[NOJ[OW MO[ 0} anP VO
110400 aAnI0adsonay

pue[ul]
(8007) 'Te 10 USUISYRITY

Areir
(S007) 'Te 10 0YEISOIN

VSN N Aen

S'6 ¢ Ul VO JO osned alom §d SIOSSAIPITEY) SOSED VO 86 JAd ‘DISN “Anewonds 100C—¢661 (#007) 'Te 10 oueJAS 1q
(esuodsar ayey) §/1
ur+ DJS :$9Sed BWISE Y10
(esuodsar [eryo
-UoIq [enp 1 ‘dyef 9 ‘Ared SIOSSAIpIEY ¢ Sdd WM DTS “DISN “dS1 VO
1) 8/9 ur+DIS 8/ ur Sd s300[qns Ayiteay O Sased g [810) <Sdd ‘SJV ‘suagioqe [0u0d—ase) uredg
ST 01+ 1dS :VO paoadsng SOSBD BUIYISE JOYI0 § VO pa1oadsng  Aloje[equr uowwod 03 14S 2007—L661 #00?) ‘Te 10 Zouny
DIS Uo paseq
9q Isnu sisougerp {pajoad
-sns G4 £q pasned YO Jo
wstueyoaw juapuadop g3
H3] 1810
paseaIoul IIm G Ut §q dn-morjojy je
0)+ 1dS ‘9 ur spruryr-oxd Anowomnds ¢Furroyruow-JqJ
‘9 ur+g8SY [e303 1L Ur+DIS 'Sdd Wim DIS “DISN *F31 YO
K G :sisouSerp pue aIns SIOSSAIPIRY G 810} {Sdd ‘SJV ‘sueSIo[e Apnys 9Anoadsorg uredg
I -odxa Jo 11els USIMISQq I, sosed g Aloje[eyul uowwod o) 1 4S 1002-L661 (€002) ‘Te 19 Zouny
491028
[eioL
juow
-Ssasse s[onuod Sased Qwoono Kiojendsar Anunod
Ayrend) SWI02INO UTRIA] N N SpOUI]N  ‘udrsop Apmys ‘porrad Apms  ‘woneoriqnd jo 18k ‘ToyIny

-sou3ep ,, pjog* se a3uQ[[eyo uore[eyUI dY1oads Uo paseq

(suoneodriqnd ¢ =u ‘saIpmys || =u) pIepue)s on

‘S19SSQIpIIRY Ul SNIUIYI [euonednddo 1o/pue ewylse [euonednodo jo asned se sayeydinsiod Suruiguod sarpns [eorsojorwapidq g ajqel

pringer

A's



International Archives of Occupational and Environmental Health (2022) 95:1679-1702

1684

¢g UI POO[q UT PaSEaIoul
s[iydoutsoo (§Jv 01 +1s9)
yojed  Jo Ino ¢ ‘<Sdv
01+ IdS T ‘osuodsar aje|
e *+DIS v ‘satdoe 9
‘{(sdass g pue ) sjooojoxd
x4t
9AnESaU Sdd 03 1dS
IS ur a3ueyD OU IoM
je SY9om { Surmp ageae[
[eseu ur O pue 9I00s
woydwAs [eseu ur aseaIour
S'TI
sased Jo %06 ur wnnds
pue a3eae] [eseu ur syiyd
-OUISOH *%9¢ e[ ‘%19
A[rea DTS ur asuodsar
[eSeN %99 el ‘%e¢ AlTed
:DIS ul asuodsai [eryouolg
‘g ur+ SV 01 3893 yoyed
foAne3ou SJv 01 LdS
%€ M UI0+VO
PT ‘%9t ur paysiqeise K[uo vO
IO PIM SISSSAIP
-ITey] ur AJUO PIseaIdul [y
urajoxdodrjode ‘yi0q G-1
ur ‘g Y SIassarpirey
ur AJuo X-NAT ut ‘sordoje
ur ATuo ¢~ UT 9SBaIour
:o3eAe] [eseu ul s1jowered
OIS 1sod ur rog1p sordoje
Pue O YIIM SIOSSAIPITEF]
Sd 03 73] oyroads
10 1dS 9anisod ou ‘o3eae|

DIS ¢ Jo uostredwo)

PeY YO YNMm SIOSSAIpIeH

(s

-ssa1pirey-uou) sordoje (]
soutyt

INOYIIM SIISSAIPITRY G

SI9SSaIpIrRy [
Sd £q pesned sased VO §

yoealq
01 YO YA SI9SSAIPITRY L]

Sd o
VO UM SISSAIPITRY G

Ke1-¥ Xe1oy)

‘ONP@ “H8[ [830) {SdV UIm

1801 yored SV yim DIS

‘DISN SV ‘SUdSIo[[e
KI0)RTRYUI UOWITIOD O} IS

DIS ‘erreuuonsonb o)
‘Krerp {(eserdin ‘urunqre
‘dOH) 9SeAe[ [eseu ‘Sdd

01 1dS “MS1AduI [eOIUI)

wnynds

paonput ‘a3eAe] [eseu ‘SJV
WM IS :DISN sudsIafe

[euonednooo 03 359) yored
SV “Xore[ ‘suaSIo[e
K10)R[RYUI UOWIWOD O} IS

ANATL€1-T0 61
Quag 10J YD ‘ANWoId

VO
110409 2anoadsonay

¥102-€00C

TJ0
Apms aanoadsoig

TJ0 VO
310700

An0adsonay 80079661

Auewrron
(S102) ‘Te 10 Iokowadey

uopams

($102) T 3@ QeI Woyuory]

Ao
(0107) "T& 10 0JedsOA

ur urwnqe jo junoure (s10 -MOJJ ‘$1$9) POO[q ‘Sd 0} uopams

' pue swoldwAs [eseu ur -ssa1parey-uou) sordoje g | 3] oyroads ‘a3eae] [eseu (0102) 'Te 1° TepaIey]

ST asearour a3uayreyd 1sod STIUTyI yoes[q ‘Sdd Wim DS ‘suadio[re i0S (o) (6007) ‘Te 10 uossuor

SZI  PeY UYO UM SISSSAIpIRH INOYIIM SIOSSAIPIIRY ]  0) YO YIIM SIOSSaIpIrey G  AIOje[eyuI UOWIWOD 0} 1S [01U0o—9s8D) (60027) 'Te 10 qeIq
491008
[e10L
juow

-$sasse S[ONUOD sosed Qwoo)no K1ojerrdsar Anunod

Anrend SQWI00INO UTRIA] N N SspoyolN  ‘ustsep Apnys ‘porrad Apms  ‘womeoriqnd jo 1eaf ‘Toyny

(ponunuoo) zsjqey

pringer

Qs



1685

International Archives of Occupational and Environmental Health (2022) 95:1679-1702

PIOQ UI I8 9I09S WNWIXEW JO %()/ < SOI0JS (G =100 WNWIXEA 4

uonoeal ureyo aserowk[od yHd ‘ofif Jo Lienb 700 ‘urajoxd oruones [ydoursos gH7 ‘ej[e 1030ej SISOIOU I0WN) 0 JAL7 ‘BUILIES UOISJINUL {
NAT ‘Quninapaul ;77 ‘mop Atoyenidxs yead 74 ‘g urnqojSounwuwil 757 ‘SOpPIXo OLIIU PI[BYXI QN2 ‘SIPIXO OLIIU PI[BYXS JO UONORI} ON24 Q3UL[[eyd uone[eyur ogyroadsuou H7gN @3ua[[eyd uon
-e[equr ogroads H7S 1591 youd unys 14§ ‘snuyl [euonednodo yyo ‘ewyise reuonednodo yo ‘oreydinsiad wnipos §4¢ ‘@reydnsiod wnissejod §q74 ‘deydnsiod wnuowre §7y ‘sereydnsiod g4

sdnoi3

)0q u1 95eAe[ [eseu ur
asearour §-7 ‘sdnois yjoq
ur DIS Ieye seykoouowr
‘s91K00ydwA] ‘syrydonnau
UT 9SBQIOUT SMO[J [eSEU
‘Anowonds ‘swoydwAs
[eseu pue 942 ur punojy
sagueyo ou ‘amsodxa 191je
swoldwAs ay1-ewyIse

sy300lqns Ayyreay of
swoldwAs
[e1youOIq pUE [eseu
M SIOSSIPITEY-UOU 4]

(1opmod

Suryoes[q 1e[NSI1 03 9 ‘ISP

-mod 3uryoea[q 9915-1Snp
01 pasodxa 9) yoes[q 0}
SOIUIYT YIIM SIOSSAIPITRY 7 |

swojdwAs reryouoiq pue
[eseu yIIim SI9SSAIPITRY ()7

(0ANL
‘8=T1 ‘9~ Junod pooiq
[eNUAIRJIp ‘QuIqo[3ouwr
-9eY -SJUSWAINSEIW POO[q
‘a3eAe] [eSEU ‘MO]J K10}
-exidsur [eseu yead ‘01008
woydwAs) sampasoid
Suryoeayq 9ARNIASUOD ¢
YIM Joquueyd ur DS ‘Ano
-woads ‘Sdd pue suagio[e
KI03RTRYUT UOWWOD 0} IS

Sdd pim

OIS “ON®d “DISN *d31

[8101 *SdSS ‘Sdd ‘SdV ‘UIpt

-XQUIO[UO “XaJe[ ‘SUaTIA[e
K10)R[RYUI UOWIWOD 0} IS

VO Y40
[BUO1}09S-SSOID)

Y40 VO
[0TU0O—3sE))

910C—¥10C

uopoms
(9107) 'Te 2 UISSAIN

rewudJ
(9107) T8 12 IASIYIYS-5S0]

S01 dofaaap sdnoi3 yiog
Sd 29113 [[& 0) 9AnESoU
IdS ‘9/1 1] ‘9/1 e[+ 218
-IpowIlI ‘g/4 UOT)ORAI
Jlerpawwl ‘g/g asuodsax
[eryouoiq ‘g/9 asuodsal
onIuIyI ‘9/4 Adore ‘g3|
€10} [BWLIOU (Y)IM SId
Syl -SSAIpITeY 61/9 U+ DIS
491008
[e10L
juow
-$s9sS€®
Airend SOWO00INO UTRJA]

S[onuod
N

Sased

SPOYIIA

Qwoono Kiojendsar
‘ugtsop Apnys ‘porrad Apms

Anunod
‘uoneoriqnd jo 1eak ‘royiny

(ponunuoo) zsjqey

pringer

a's



International Archives of Occupational and Environmental Health (2022) 95:1679-1702

1686

PIOQ UI I 9I00S WNWIXBUW JO 9%()/, < SAI0JS (G =9I0S WNWIXEA 4

urwerpuafAuayd-d gd4 eqod 0 ‘[od1u 1N ‘mop A1ojendxa yead 774 “q urngojSounwuil 787 ‘SOpIXo OLIIU PI[RYXD
Jo uonorly ON24 ‘@3ulreyo uonereyur dyroadsuou HISN @3ud[[eyd uonereyul oyrads Hyg 159 youd unys 7gs ‘Aeydnsiod wnisselod §44 ‘oreydinsiod wnmowwe §qVy ‘soreydinsiod g4

Sd 01 stxe[Aydeue pue ‘erreonin
10BIUO0D ‘SYIBULIOP 10BIUOD JISISTE JO 958D

OIS 4q papnyoxd
euayjse [euonednodo ‘4 03 ainsodxa 19)je
uonoUNYSAp pI0d [BI0A JUBILLIL JO ISBD)
Sd 4q
pasned snneuLep pue ewyise feuonednooQ
Iea[oun uonoeal
QJeIPAWWI JO WSIUBYIAW ] S uonenn
‘urur () Ieyye pear 1s9) yojed -pakordurd
9q prnoys [000301d [nJaIed $10BIU0D UIYS
19)j8 SJ 0) UOIOBAI OTWRISAS JO 9sB))

snIyouolIq o1 ydoursos spewy)seuou
payoadsns ‘snurys feuonednddo Jo ase)

AS1911R T-2dA) UT 44 03 AITAT)oRax

-SSOI0 JnoYIIM ‘SJV Aq pasned A3Ia[[e
$-odK) pue [-odA) M BUIY)SE pUB BWIZOH

DIS £q Ajuo pasougerp
9q ued §4 0} anp ewyise [euonednoop

PISSNOSIP SeM JSBASIP KemITe
SursouSeIp 10§ UOTILZNISULS JOBIUOD
JO 90UBAQ[I ‘ased ewy)st [euornednodQ

(erreonun
pue 3uIzoaus) urw G| Iojje +jonpoid
yoeo[q 031 DIS SV 01 +1s91 yoyed
‘sserd ‘xare] ‘Sdd ‘SdV 01+ 1dS ‘eAn
-e3ou DISN SV 01 9Ane32U ‘X)R[
0} A[uo + 431 oyroads ‘pajeaste g3[ [e10L
PoAIISqQO
SeM BUIOPIO PIOJ [BO0A AJ[BITUI[O
£paIndo0 Je0IY) 210s ‘Y3nod ‘eruoydsAp
a1 swoydwiAs Inq ‘oAneSau S 01 DIS
‘Tewzou Anjowoards ‘oanieSau DISN
‘Sd 01 9ATe3aU [ JS ‘Tewiou 3] [®I0],

SdV 0141591 yojed ‘Furioyruow
-ddd =anisod ‘Sdd pue SdV 01+ LdS

SdV 01 aATeSaU

HST oyroads ‘urur (O 193 Sdd pue SIV
01 +1s0) yored :Sdd pue SJV 01+ LdS

POO[q PUB UOIIAIOS [eseu

ur asea1our [rydoursoa ‘asearour ONoJ

DIS 19k ‘Afuo asuodsar [eseu + D[S

‘Tewzou g3 18303 {IN 03 +159) yoyed
‘oane3U DISN ‘SdV 01 "5ou 1dS

Sdd 0} 1dS'Sou ‘§dV ‘asioy
780 01+ 1.dS *SdV ‘ddd 011831 yored
+Sdd s
DIS *+DISN ‘IN ‘Tesorowrmy) ‘wnruoyd
-0[02 03 +1s9) yojed ‘[euriou g3] [810)
'Sdd pue SV Surpnour “oAneseu 14
Jre[0dA[Somylouowr
[01004]3 ‘SAV ‘Add ‘0D ‘IN 03 +159)
yoyed ¢(uonoear e[ A[uo) + SV

01 DIS ¢+ DISN SV 01 aAneSou
‘suapfod ‘arw Isnp Isnoy 01+ [4S

Qmpaoo1d [ejuap Surmp JuSWad [eIuSp

ur G4 03 (eoudsAp 910A3S ‘BWIP0 [BIOR])

sixe[Aydeue jo yoene ‘sreak-Junjiom G|
I0)Je YIOM ] BLIEOTIN JOBIUOD PUE SHIUIYY

SIeoA-3unjIom

L1 I91ye saipadold Suryoea[q yim

uoneroosse ur y3nood ‘eruoydsAp ‘Sur
-peaIq Astou ‘edoudsAp ‘ssouysy) 3sayD

uoneonpa Suruuidaq Ioyje syjuow G|
padofeaap vwyIse pue eUIOZOd puey

QoerdyIom e yoeo[q £q payjorord
BLIEOILIN JOBIUOD PUR ‘BWIISE ‘SIIIUIYY

Yoealq

IIM JIom Jo uruui3aq I9)je sIeak g
y3noo pue swoydwks onrumyr jo 19sUQ

A[eAnoadsar “{1om 0}

Suruur3eq Io)ye s1eak ¢ pue g padojoaap
BUWIYISE PUB BUIIZOD [)IM JOSSAIPITEH

SIBQA-3UnjIom ¢ I9)Je Swo)
-dwAs onewyise ‘Yjuow-3uryiom g e
Yiom je swojdwAs [eseu jo yuswdoroaa

sTeak-3unjiom g
19138 swoydwAs onewyse jo juswdo[eadq

0¢

8¢

(eonyuaxdde) g1

9¢

4

6C

LE

9¢

puejog
(9107) 'T& 10 BYSMAIUa[Y]

QoueLy
(2100) Te 10 ULy
pRdiiliclg|

(Z107) "Te 30 preeSnoH

SPUB[IOPIN
(T107) T 10 ensy0H

Areif
(1107) 'Te 10 ered

SJrewuaq

(6007) pa1sgs pue foyquSarg

nzeig
(8007) ‘Te 12 opanan3ig

Auewran
(9002) T8 12 yrrey

QUIOJINO UTeJA

SPOYIRIA

K10)sTY 9sB))  so[ewdf ‘(sIeak) o3y  Anunod ‘uoneorjqnd jo 1eak ‘royiny

(g =u) s1ossarparey ut sareydnsiad Aq pasned sixejAydeue pue ‘snmuiyl ‘ewyise jo sisouseip 10j aanioddns syuiodar ase) ¢ ajqel

pringer

Qs



1687

International Archives of Occupational and Environmental Health (2022) 95:1679-1702

SI9SSQIpIreY
JuaIImd Y)IMm paredwod ‘Iop
-mod 3uryoeaq 03 pasodxa
uaym swojdwiAs K10jemdsar
Q1ow Apjueoyrudis pajrodar
SIOSSAIPITRY JOWLIOY ‘6661 UL
Yoom 1od syuaro
pajean Afeorwayd ¢ o3e
-IoA® U0 pajiodar s1ossaIpirey
(96 01 €% 1D %S6) 0T
MO ‘A19A103dsa1 ‘o ¢ SA 1
:3unjows pue ‘a3e ‘Adoje 10§
paisnfpe [apow & Ur S[OIU0D
uey) Jopmod Furyoes[q 0}
amnsodxa woij asou Auuni
IO ‘SSQUSSI[UILaIq ‘SUIZaoyMm
Jjo swoydwAs arow Apued
-g1ugIs pey SIassaIpIeH
P10 T'TID %S6) 6°€ IO
‘K[oanoadsaz
‘94 ¢¢ SA 89 -SSQUSSIYIBAI @
(I1010T1D %S6) €€ IO
‘K[oanoadsan
‘9417 SA 9G -SUIZIOYA\ @
:Sunjows
pue Adoje 103 paisnipe [opowr

e u1 sponuod uey) swoydwAs 3] oyroads Kdoye ‘swioydwks K10jendsay

541 a1ow Apjuedoyruis pey /1810 ‘(Juawussasse arsodxa Apms aanoadsoig KemIoN

ST SIB9K ()7 JOAO SIOSSAIPITEH SIOYIOM IO ()8 16  10J) MIIAIUI ‘dIreuuonsang) 6661-S661  (£002) ‘(1002) ‘Te 32 punjjoH
491008
[e30L
Juow

-$sasse S[onuod SI9sSaIpITRy owoono A1oyeridsax Anunos

Anrend) SQUWIOOINO UTRA[ N N SPOYISIA ‘ugtsop Apnys ‘porrad Apms ‘uoneoriqnd jo 1eak ‘royiny

(suoneorqnd (] =u ‘sarpms g =u) aInsodxa yoes[qyaeydinsiad are soseasip/swoldwAs A10jer1dsor usamioq uone[al SuIssasse sarpns [edrojorudpidy ¢ ajqel

pringer

a's



International Archives of Occupational and Environmental Health (2022) 95:1679-1702

€1

%01 sernpasoid
QI0W JO § ‘SI9SSAIPIIeY JO
%69 po1odar yoom 1od somp

-9001d 3uryoea[q a10W IO OM],

(FTo80ID

%56) 1 ¥4l -Sutkeids 1refe
0€9 L0

1D %S6) S'1 ¥l -Sulyoed|ge
1QJUIPISAI JO UOTAI pue Fur
-ows ‘IoAd) Aey ‘TeAA IEpUD
-[ed 10§ pajsnipe [opow & ur
BUIYISE JO 90USPIOUT JOYSIY
Apueoyru3is jou Inq ‘APys3Is
® ‘s1osn Juanbaxjur 1sow oy
ym paredwod ‘pey Aexds
Irey 3uisn 10 SjuawIEAI
Suryoes[q arey Surwroyrad

UQ}JO JSOW SIOSSAIPITRY Y],
Tz 11D
%S6) 9'T AT ‘A1eandadsar
‘steak-uosiad oot Tod G

SA “§'{ 9OUSPIOUT BUWIISY @
190UIpISal
JO uo13a1 pue 1oAdJ Aey
‘Ieok Iepualed 10j pajsnipe
[opoW € UI S[OIU0D 0} UOS
-11edWOod UT SIOYOWS-TOAdU
Suowe) yI0m FUISSAIPITRY
WIOIJ PUNOJ QIOM BUIY)SE

JO YSLI UO $309)J9 deropoly uone[ndod [e1oudd Goet

BUIYISY
[eUOT}O9S-SS0I)

L661-9661

(N
[el0],
juowr

-SSasse

Kren®y

SOWO9INO UTB]A

Qwoono Kiojendsar
‘ugtsop Apnys ‘porrad Apms

1688

(200?7) T8 10 uIqlY

pringer

‘uoneoriqnd jo 1eak ‘royiny

Qs

(ponunuoo) ¢ sjqey



1689

International Archives of Occupational and Environmental Health (2022) 95:1679-1702

eyep woydwAs
PIMO[[0] SIASSAIPITRY UT
359} uonouny Junj parreduwr
9y, "swoydwAs K10jerdsar
ayoaold Jey) sfeoTwAYd
JUR)LLIT JsOW o) 21om Aeids
Irey pue 1opmod uryoes[q
ey} pajrodar S19ssaIpIreH
(100" > ) dnoi3 jonuod oy
Ul UBY) SIOSSAIPIIRY Y} Ul
juaresard azow Apjueoyrugis
arom (wi3oqyd pue ‘Sur
-ZoJUM ‘SS[Iealq ‘YInoo)
S6 swojdwAs K1ojendsar [y

%8 saipadoxd
Q10w Jo G ‘soonuaidde jo
%14 partodar Kep 1od anp
-9001d Suryoraq 910w I0 JUQ
Suryoea[q
Jo Aouanbaiy Surpnyour ‘san
-1AT}OR SurssaIpirey oyroads
pue uorounj uny ur oFueyo
U29M)9q UONE[21I0D JUBIYIU
-31s ou sem Q1Y ], "S[ONUOD 0}
poredwod
soonuaxdde Surssarpirey ur
punoj sem uorouny ung
JO UONEBIOLINAP JUBOYIUSIS
nq ‘swoydwAs K1oyexnd
-SQI 1OJ J|NSAI SWes oy}
sem a1oy) ‘oseyd [euy o) uf
sqonuaxdde Surssarparey
Suowre 1oy39q Sem UONOUNJ
Sun[ pue juonbaiy ssof
Apueoyrudts axom swoydwAs
$1  Asorendsar ‘oseyd rentur oy uj

SIONIOM 9OJO ()G

soonuaidde 2o1j50 847

0S

soonuaxdde /67

Anowomnds ‘arreuuonsang)

uondrosop
qoerdyaom 112d%9 ‘QISN
‘Anowoiids ‘arreuuonsang)

uonouny 3uny ‘swojdwAs
K10jendsay TeUOTIORS-SSOID)

uonouny
Sun[ ‘swoydwAs A1oreridsoy
Apms aanoadsoig

L661-1661

uely
(0107) "Te 30 Twaysey

uel]
(€£007) ‘T8 12 ogqnsiem|

491008
Te1oL,
juow

-ssasse

Airend SOWOINO UTB]A

S[ONU0D
N

SI9SSQIpIIRY
N

SPOYIRIA

Qwoono Kiojendsar
‘ugtsap Apnys ‘porrad Apms

Anunod
‘uoneoriqnd jo 1eak ‘royiny

(ponunuoo) ¢ sjqey

pringer

a's



International Archives of Occupational and Environmental Health (2022) 95:1679-1702

1690

%6 seanpasoxd

QI0W IO G ‘SISSAIPIIRY JO
%19 pariodar Aep 1od sainp
-9001d Suryoeayq a1ow 10
quQ ‘swoydwks K1ojendsar
pue Suryoes[q yuanbaiy
U99M]2q SUOTJBIOOSSE

JUBOYTUSTS OU 9IOM IO ],

JIom JO uoneInp 193uof pue
Xopul ssew Apoq Iay3Ty yirm
‘IOP[O 910M S[OJUOD UBY)
swoldwAs j10dar 03 A[oy1|
QIOWI 9TOM OUM SIOSSIPITEH]
‘(A[oanoadsal ‘g’ pPue ‘¢0°0
20°0=d ‘A1oanoadsar ‘901
SA 0°ST PUB ‘0°8 SA €°1T

‘0°8 SA §8'€7) SIOIOM OLJO
uey) y3nod pue ssawmysn
1890 “s9zoaym 110dar1 03

0T  AJoYI[ 9I0W QIoM SIASSAIPIIRH

(%v ) ewyise
mnoyim pue ‘(% 1°8¢) ewyse
POOYPIIYD YIIM SISSAIPITEY
ur uey) (%G°LS) WISk Josuo
pooyI[npe Yim SIOSSAIpIrey
ur a1ow APuedYIuSIS punoy
sem 3uryoea[q 0} UoIOLal
Kroyendsay (1€°C-LL'T
1D %56 ‘70T IO “%9°LT)
SIOSSIPITRY JUALIND UL}
(%7°0¢ ) Suryoesrq o) uon
-oear A1oyeaidsal pey JoA9
SIOSSAIPIIRY-Xd QIOW 9] LT
ur payrodar sem Furyoearq

S €T 0} 9np YIeaIq JO SSAUIIOYS

SIDOM 9ILJO (S 08

(porrad
Apms ur sojenperd
SurssaIparey [1e) $7¢S

aIreuuonsang)

aIreuuonsang)

swoydwAs
K10)e11dSay [BUOIDIS-SSOID)

swoldwAs K1ojendsay
110400 2An0adsoig

L00T=5861

1dA3q
(S107) AwoAeq pue uesseq

Jrewuaq
(100 Te ¥ [epsk

491008
[e30L
Juow
-ssasse
Arend SOWIOJINO UTBJA

S[ONU0D SI9SSaIpIIRy
N N

SPOYIRIA

Qwoono Kiojendsar
‘ugtsop Apnys ‘porrad Apms

Anunod
‘uoneoriqnd jo 1eak ‘royiny

(ponunuoo) ¢ sjqey

pringer

Qs



1691

International Archives of Occupational and Environmental Health (2022) 95:1679-1702

soonjuaxdde
Jurssarparey ur swojydwAs
BUIY)SE PUB SPIUIYI JO 9SNBD
payrodar Apyuenbaij jsowr
o) a1om syonpoid Suryoed[g
Aypeans jo 99139p
PUE ‘[9AJ] UOT}BONPI ‘Tur
-Jows Joj pajsn(pe sjepowt
Ul POULIfUOD 1M SSUIpuLy
9saY [, "uowrwrod A[renba
arom swoydwAs ewyisy
(86'T-0€'T
1D%$6) 6S'T YO pnio
‘K19ANS3dSaI ‘9% 9°9 SA %1°gGe
:S[OIJUOD UI Uey)
soonjuaxdde Surssorparey ur
19y31y sem swoydwAs sniu
S'€l -1y Jo oudreaard reak-1 oy,

%¢°L8 £q partodar
Sem oBa[q JO 9s[) "PUNOJ Jou
Sem s)[nsa1 arnsodxo pue sis
-ouSerp ewyjse uaamioq drys
-uoney ‘%94 £q payrodar
gL arom swoydwAs A1oreridsoy
SI19ssaIpIrey JO
%8¢ partodar yoam 1od sarnp
-9001d 3uryoraq 210w 10
AL "Yoom Jod sow) G uey)
ss9[ 31 parjdde oym asoyy
[y paredwod ' AT Jo
QuI[oop 193U0mS JUBOYIUIIS
-Uuou & pamoys yoom 1od
sown ¢ uey) drow Suryoed[q
parjdde oym siossarpire
dn
-MO[[0} SuLINp SIOSSAIPITEY
JOULIOJ UBY} QUI[O9P uonouny
3uny 1031e] pue swoldwAs
K10yendsar axowr pado

uoneindod exaual o4 1

soonuaxdde 4(0g

860¢

(dn-moyjoy) 191

BUIISE ‘SHIUIRY

QIreuuOoNSaNng) [BUONDIS-SSOID)
swoldwAs K1ojendsoy

[BUOT}O3S-SSOID)

aIreuuonsang) 2102

uonouny
Sun[ ‘swoydwAs A1oreridsoy

JUSWAINSBOW CHN Apnys 9Anoadsoig

Yrewuaqg
(L107) "T8 10 YIASAYIDYS-SSO

vSn
(L107) 'Te 10 ualION

unsared

ST -[9AQP SIISSAIPIIRY JUSLIND) (eseyd renmur) g1 ‘Anowoiids ‘arreuuonsang) €102-8002 (S102) ‘IB 12 JowdN
491008
[e30L
Juow

-$sasse S[onuod SI9sSQIpITRY owoono K1oyeidsax Anunos

Anrend SQWIOOINO UTRA] N N SPOYISIA ‘ugtsap Apnys ‘porrad Apms ‘uoneoriqnd jo 1eak ‘royiny

(ponunuoo) ¢ sjqey

pringer

a's



1692

International Archives of Occupational and Environmental Health (2022) 95:1679-1702

OR odds ratio, IRR incidence risk ratio, CI confidence internal, FEV, forced expiratory volume in the first second, IgE immunoglobulin E, NSIC nonspecific inhalation challenge

*Maximum score = 15; scores > 70% of maximum score are in bold

1Studies with the indicated risk of bias

Table 4 (continued)

@ Springer

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=280) 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).



1693

International Archives of Occupational and Environmental Health (2022) 95:1679-1702

uonisodap uage[joo ou
‘erse[drodAy wniproyde rejoryouoiq
-112d 9jeIopow sAep 4 Je (93ud[reyd
19)3e { § sSuny ay) ur sageydoroew
Ie[O9A[E PUB UOTENYUI [[90 KI0jewr
-WEPUI 9)eIPOJA "9SUI[[BYd Jo)je
sAep { gST wnIas 1810} | ‘9Fuayreyo
dV 1oye sAep  ¢1-"1I pue ¢-"11 ‘01-I
| “oSuoyreyd 1ae 4§ § SIN JO % | 11V
3uareyd Jv
19)Je sAep  0) dn y | SunJie)s auroydo
e -eyjow 0) YHV JO 2seaIoul paureisng

H3[ wnuds | Ty ur sdN | :A¥IAn
-0BAI [BIYOUOIq | ‘OFu[eyd [eseuenul
1918 A[ejerpawrwut asuodsar A10je[muaA
A[Ie9 1001wl PA3UL[[BYD PUL PIZNISUIS
dV U—4HV ‘dV s uoneqnout
uodn ¥p, L[H,] Jo uonesodioour jo
| p1oJ 9a1y) 10 om) pamoys Jv yim
%41 porean 201w jo saykooydwA] -1 4T

SjuowSos [eayor) JO BSOONW
9y} ur uoneN[yuI AI0jeWURPUL
PYILIA "uOnE[RYUI JV AQ pasned
skemuire 31d eoung ay) ur [01UOD
L€ K10)1qIyuI DN'VN snoatou paireduuy
a1nsodxa 1s0d s)joom 9 9[qISIOAL
wnrey)ide [esyorI) pue [RIYoUOIq
9 jo eisejdiodAy aaneIoudgar ‘uon
-B[NWNOJ. JE[OAA[E PUB UONAIIS
SNONW ‘UOTJRWWIRHUI [BIYOUOIQ 9N
-eqns  w/sul Gz 18 JySrom Juny | pue
Sl uoneyLL “dsar t w/Sw ¢'01 DHVON

sop1[s 3unj jo SIsA[eue

[e9130[03STY $S)UNOD [0 [RIIUSIDJIP
TV 91 VSTTH osnow S] wnios
[®10) ‘onss1n) Sun| paziuaSowoy ur
SUI0IKD PaYeal TUL:(VLI-TI'EI-TI

‘0TI “S-TI “H~T1 ‘C-"TD ¢-Sun{nofIaur

pue A-N]) sIo¥Iew uonewwegur
TV 1591 uonesoAo1d SUIjoyoeISIA
g51
wnIas 830} ‘sopou ydwA[ feunserpawr
PUB [BOTAID “IR[NOLINE WIOI) SAINY[NO
akooydwA ur ¢1-71 ‘0111 ‘b~
‘711 pue A-NLT Unod [[99 [ENUIy
-JIp pue [210) TV ‘(onbruyod) uorne|
-[10s0 padioj “sa AydeiSowrznord Apoq
9[oym) 1593 uonEd0A0Id QUI[OYIRISIN
‘OSINA 10 dV %S pue [ ynm 141
(83409m ¢/shep g/urur Og
10} Jw/Suw O]) [0S0I9E JV JO UOHE[EYU]
SOAIND
9su0dsaI-UONEIIUIOUOD IATIB[AWIND
QUIWIE}STY PUE [OYIBGIED ‘SIONIWSURI)
-0Inau KI0)IQIYUT JO JUSWUIA[OAUT
‘ZH € 18 SAH 01 Suonexe[dal DNVN

Syjoom ¢T pue
9 Jo A19A0931 ‘amsodxa Apoq 9]0y

‘(1861) €1 ADHO Uone[eyul YM-¢]

o/gTVe “9snoN

o/d'TVe “OSNON

eoyoRI)
PIR[OST ‘021)
-wnreyide

31d eoumnn

as ey

A3ojoyredoisiy 3unj {(egH3[
pue 1DS] “g3]) 3] Wnids (810} ‘sIjIew
uonewwegur Areuowrnd Tyq ‘ewyise

PIONPUI-[ESIAYD JO [OPOW ISNOW
OATA UI 9U} UT dUI[OYORIQW 0} YHVY

HS] WNIAs [B10) ‘SISYTEW UOTIRUIWRHUT

Areuownd Tyg ‘ewylse paonpur

-[EOTWIAYD JO [9POW ASNOUI OATA UT Y}
Ul QUI[OYORIOW 0) YHY ‘ONIA Ul 14T

QUIWE)SIY JO [0YorqIed
snouagoxa 03 asuodsar re[nosnw /uor}
-OBI)UOD POIRIPAW-IAIOU JISISUI[OYD

‘SH 01 UoIexXE[aI [eaydes} DONVN

K)19TX0) UOTEIRYUT JTUOIYIQNS

uredg
(#100) 'Te 32 23UOIN-[[0

uredg pue wnigjog
(0102) 'Te 19 1Y300A 2

)|
(0102) 'Te 30 vOURIQE[[2]

vsn
(1002) 'Te 12 uLIOUSIS

491008
Te10L,
Juow

-ssasse

Arend SWO9INO UTBJA!

ug1sop Apnis ‘SpoyIeIN

urens ‘saroadg

sjutodpuyg Anunod ‘uonesrqnd jo 1eak ToyIny

(L =u) 9yeydnsiod wnmuowwe o) waisAs A1ojeridsar oy jo asuodsar Jurssasse sarpnis [ejuowddxy ¢ d|qel

pringer

a's



International Archives of Occupational and Environmental Health (2022) 95:1679-1702

1694

Jreydnsiod wintuowwry -V Serq Jo SLI pajedIpur oyl Yim saIpms.

PIOq UI I 9I09S WNWIXBUW JO 9%()/, < SAI0IS (G =90J0OS WNWIXBA 4

juawdoraa( pue uoneradoo) JSrwouody 10 uonesIuesiQ JHFO ‘oulqre 33eq

q1v4g ‘Kojmep on3eids g ‘Aesseounwuul payuI[-owAzud y§777 ‘syydoursos o ‘sjAydonnau sgp ‘Oprxojns [Ayawip OSH G ‘95eAr] Je[odATROYOUOI] TV ‘SseuaalsuodsarradAy Aemire Yy 1s9)
uonerafiord aLooydwA] 47 ‘101dosar pareanse-1ojerdjijold swosrxorad Yy ‘UONHR[NWIS P[AY [BILNI[Q §./7 ‘OISIAUI[OYD-UOU JITIQUAIPE-UOU JNYN ‘QUIPIWAY) pajeqeloiper ypr[He] ‘Apoq
-nue [euooouow gyus ‘g odKy spreo 1edjoy I, zy [ ewwues UoIjIalur X N ‘QUDNS[IAUI 77 ‘D urnqojSounwiwit H§7 ‘g UNNqoO[Sountuwl 787 ‘UONENUIIUOD J09YS ISIOAPE PIAIISQO OU DFVON

dV J0 159 23
WOoIj BAYORI) 9y} JO WA)SAS A1031qQIyur
LS'€T DNVN 2 s109301d IstuoSe efje-yvdd
[01u0d 0)
Teqrwits sureyed Arojewrurepjur [ewiou
Pamoys o1 parean-g3[-nue :s3un|
uonensupe g3[-Nue 19
€1-(TDPUL SN ‘Of JO Ioquinu [e10)
1 Ivd ‘oSud[[eyo Ise| I1o)Je | 84 pue
2 HV Paysioqge pue ST Wiios 931f
e Pazifennau juswiedn) qyw gS[-nuy
uonisodop uage[[0d ou ‘UoIBZNISULS
19138 sAep (9 seSeydoioew IejooATR
puUE UonENYUI [[90 AI0jewuweyul
| :s3unj ‘skep (g 18 Y31y pourewrar
puE UONRZIIISUDS [BULIAP Io)Je sAep
Gy woiy | egn3[ pue [HI] WNISS
[©10) ‘UONBZIISUDS [BWLIAP JOYJB 7T
Kep uo | :g3[ wnias 1810} {(93ua[reyd
I10)Je sKep ()9 QUI[OsEq 0} PAUINIOI)
SAN JO % | 1TV "uoneznisuas Jv
[entur 193je sKep (f, UOT)EWWRYUl
%41 Areuownd | ‘aurjoyoeyiow 0} YHV |

(od
Kep/INM 9€°0) TL¥9 MD IsTuoSejue 10

€F9PT AM IS1U0SE BJ[e-Vdd Inoym

PUB )M ‘SYoMm ¢ JuLmp sAep G 10j BayoRn

urw g 10J (cwy/3w O) uoneeyur 4y PAIRIOST 921y

I9)Je sa3ueyd SHUAWSIS [eAYORN) d[OYM -wngayde
ur z{ ¢ 18 S 03 Suonexe[dr DNVN S1d voumnn

a3uaqreyo
dV [eseuenur 210Joq SQIpoqriue qyuw
G—1 g31-nue jo 3 Qg jo uoneordde
-d'1 ‘sopr1ys Suny jo sisATeue [eo130[03STY
{(VLI-T1 pue ¢1-7T1 °01-T1 *S-T1 ¥-T1
‘1D T-surinaIsul pue A-NHT *g31
WNIAS [€10) ‘SIOTRW UOT)RWWERUT
TV 9159 uonesoaord QUI[OYdBIDN  o/g TV ‘OSNOIN

sopI[s 3unj Jo SISA[eur [ed

-130[03S1Y I VST osnowr 3] wnids

18301 $SJUNOD [[39 [BNUAIDYIP PUk [€)0)
TV 9591 uoriedoaord QUI[OYdBIN /g TV ‘OSNON

dV peeyur £q pasned [eayoer)
DNVN ur uononpar Sunuaaaxd ur uon

-e[nuns 103dooar ejre-yvdd Jo 10959

K3oroyredoisty

3un[ ‘g3 WnIs [8)0) {SIAdIRW UON)

-ewwepgul Kreuownd Tyg ‘ewyise

POONPUI-TEOTIAYD JO [OPOW ISNOW
OAIA UI 9U) UI duI[oydeIow 0 YHY

KSoroyjed 3uny ‘egnSIT

pue D3] ‘g3 WnIas [8)0) ‘SIoNIew

vonewwreyur Areuownd Tyq ‘ewyse

PIONPUI-TEOTIAYD JO [OPOW ISNOW
OAIA UI 9U) UI duljoydeiow 0} YHY

Arei
(0T0T) ‘T 10 BOURIQR[[2Q

uredg
(L107) "Te 1 93UON-9[[O

uredg
(9102) T8 12 Zn1)

491008
Te1oL,
juow

-ssasse

Airend SQWO9INO UTBJA!

uS1sop Apnjs ‘Spoyioj  urems ‘soroadsg

sjutodpuyg Anunood ‘vonesrqnd jo 1eak ‘ToyIny

(ponunuoo) g sjqey

pringer

Qs



International Archives of Occupational and Environmental Health (2022) 95:1679-1702 1695

Fig.2 Main goals and outcomes
of the systematic review

Occupational chemical hazard for hairdressers
(bleaching powders, creams or liquids, concentration 0.1 -60%)

Persulphate (PS) ion

Target organs: upper and lower respiratory system

Exposure: inhalation

Epidemiological data:

European countries

the hairdressing profession

occupational exposure

PS are the main cause of occupational rhinitis
and asthma in hairdressers and one of the
leading causes of occupational asthma in some

Bleaching products are indicated as the most 1. Chemical irritation
important factor for development of respiratory 2. Epithelial damage
symptoms, lung function decline, and leaving 3. Histamine liberation

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

Pathophysiological mechanisms of the
respiratory response to PS are not fully
understood, multiple mechanisms are
suggested:

Non-specific immune response

Specific immune (allergic) response

1. non-IgE mediated sensitization with
late bronchial responses and
eosinophilic inflammation

2. concomitant skin and respiratory

symptoms, early and late allergic
reactions to PS showed in some
hairdressers (positive skin prick and

Suggested preventive/control measures

1. Adopting harmonized OEL at EU level
2. Use of safer bleach formulations
(ready-to-use liquid, cream, paste)

patch test to PS)
Animal models

1. Primary skin exposure to PS lead to
systemic sensitization and asthma

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 20032005 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;

after secondary inhalation exposure
2. Mixed Th1/Th2 immune response

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
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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 Al, 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
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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; Bregnhgj and Sgsted 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; Bregnhgj and Sgsted 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 FEV, (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/m®, 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 Thl-
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
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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 I[gE-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; Bregnhgj and Sgsted 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/m?> 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/m® (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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