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Abstract

Background: The burden of occupational hand eczema in hairdressers is high, and

(partly strong) allergens abound in the hair cosmetic products they use.

Objectives: To systematically review published evidence concerning contact

allergy to an indicative list of active ingredients of hair cosmetics, namely,

p-phenylenediamine (PPD), toluene-2,5-diamine (PTD), persulfates, mostly ammo-

nium persulfate (APS), glyceryl thioglycolate (GMTG), and ammonium thioglycolate

(ATG), concerning the prevalence of sensitization, particularly in terms of a compari-

son (relative risk; RR) between hairdressers and non-hairdressers.

Methods: Following a PROSPERO-registered and published protocol, eligible litera-

ture published from 2000 to February 2021 was identified, yielding 322 publications,

and extracted in standardized publication record forms, also considering risk of bias.

Results: Based on 141 publications, the contact allergy prevalence to PPD was 4.3%

(95% CI: 3.8–4.9%) in consecutively patch tested patients. Other ingredients were

mostly tested in an aimed fashion, yielding variable, and partly high contact allergy

prevalences. Where possible, the RR was calculated, yielding an average increased

sensitization risk in hairdressers of between 5.4 (PPD) and 3.4 (ATG). Additional evi-

dence related to immediate-type hypersensitivity, experimental results, exposures,

and information from case reports was qualitatively synthesized.

Conclusions: An excess risk of contact allergy is clearly evident from the pooled pub-

lished evidence from the last 20 years. This should prompt an improvement in work-

ing conditions and product safety.
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1 | INTRODUCTION

The hairdressing sector in the EU is dominated by small- and

micro-businesses; about 400 000 salons employ more than 1.5 million

workers. This corresponds to approximately 10% of the total service

sector in Europe. In everyday work, hairdressers are in contact with

many hazardous and toxic agents, which entail different occupational

health risks, including skin damage, ranging from mild irritant contact

dermatitis,1 which can easily be treated by emollients and improved

skin protection, to severe, debilitating irritant and/or allergic contact

dermatitis (ACD). In Europe, occupational skin diseases (OSD) repre-

sent up to 35% of all reported occupational diseases. The economic

burden of OSD in the EU exceeds €5 billion p.a., spent on treatment,

compensation, and loss of productivity. The chronic course of OSD,

mainly hand dermatitis, may result in detrimental socio-economic con-

sequences, for example, job loss and long-term unemployment.

Research has shown that up to 70% of hairdressers suffer from

work-related skin damage, mostly hand dermatitis, at some point dur-

ing their career. The most important risk factors for developing OSD

are wet work and occupational skin contact with irritants, as for exam-

ple, detergents or hairdressing chemicals, and, importantly, allergens.

EU cosmetics legislation restricts the use of carcinogenic, mutagenic,

or toxic for reproduction (CMR) substances but also of skin sensi-

tizers. Exceptions to this general rule are possible subject to the con-

ditions laid down in Article 15 of the Cosmetics Regulation EU

1223/2009 and as listed in Annex III of the Cosmetics Regulation,

based on an in-depth evaluation by the Scientific Committee on

Consumer Safety (SCCS; https://ec.europa.eu/health/scientific_

committees/consumer_safety_en). However, hairdressing profes-

sionals are qualitatively and quantitatively much more exposed to

such substances than a typical consumer or client.2 The specific pro-

fessional exposure is normally not assessed in SCCS opinions, even

though special aspects may be mentioned, and referred to the Risk

Assessment Committee (https://echa.europa.eu/about-us/who-we-

are/committee-for-risk-assessment). Thus, safety concerns related to

occupational exposure to hair cosmetics remain. Indeed, in a mono-

graph published in 2010, the International Agency for Research on

Cancer (IARC) confirmed that the occupational exposure of hair-

dressers should be considered as probably carcinogenic (IARC group

2A).3 A new strategy for chemicals is currently being developed in the

EU (https://ec.europa.eu/environment/strategy/chemicals-strategy_

en) making a compilation of evidence particularly relevant. Hence, in

the context of the project “Promoting the autonomous implementa-

tion of the European framework agreement on occupational health

and safety in the hairdressing sector,” a series of systematic reviews

were performed. This paper presents results concerning the skin

effects of important active constituents of oxidative hair dyes,

bleaches, and waving/straightening products. The specific objectives

are to collate and synthesize knowledge on (i) morbidity in terms of

sensitization to these hair cosmetic chemicals, (ii) address this specifi-

cally in hairdressers, (iii) estimate the relative risk (RR) of sensitization

in hairdressers, and (iv) descriptively analyse time trends and exposure

to these substances.

2 | METHODS

The methods of this systematic review have been published with

open access4 and are registered with Prospero (registration number:

CRD42021238118). The review itself was conducted in accordance

with the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses statement guidelines.5

In brief, scientific literature was retrieved from Medline and the

Web of Science core collection databases, covering 2000 to February

2021. The search terms for the results presented here included identi-

fiers for the nine substances (which had been selected before among

experts and stakeholders using a Delphi process), key words covering

the product types in which these occur, and a set of identifiers of skin

toxicity endpoints, with a focus on contact allergy.4 After merging ref-

erences in Zotero (https://www.zotero.org) libraries to eliminate bib-

liographical duplicates, the remaining 2258 references were screened

for eligibility based on title and abstract (if present) as well as key

words using the Rayyan web platform (https://www.rayyan.ai/)

(Figure 1). To this end, two raters independently assessed eligibility. In

case of discordant results, a third experienced rater moderated a dis-

cussion with the aim of reaching a unanimous decision; this aimed to

be sensitive, that is, not to exclude possibly relevant articles. The

resulting 236 references were imported from the Rayyan web plat-

form to a Zotero online library for further use, that is, retrieval of full

texts and tagging for content (e.g. one vs. multiple target substances

included in a study) and, if applicable, for reason for exclusion after full

text scrutiny.

Full texts were examined by two independent raters, both with

regard to eligibility (and reason for exclusion, if not eligible) and in

terms of data extraction and assessment of study quality (risk of bias

[RoB]) documented in a pre-defined publication record form (an Excel

spreadsheet). The RoB tool used is shown in an Online Supplement:

RoB tool. Moreover, backward snowballing was used to identify fur-

ther pertinent study reports from the reference lists of already

included articles, and forward snowballing to identify further studies

citing one of six selected key papers published before 2010 (Figure 1).

While in some studies only one of the allergens within scope is

addressed, many studies report on several allergens, for example,

those assembled in a hairdresser's patch test series, or in cases where

more than one allergen has been patch tested in a baseline series,

such as done by the North American Contact Dermatitis Group

(NACDG). Owing to such overlap, the sum of studies contributing to

single allergens exceeds the total number of publications included for

quantitative synthesis of patch test results (bottom row, Figure 1):

141 for p-phenylenediamine (PPD; CAS nr. 106-50-3), 23 for toluene-

2,5-diamine (PTD; CAS nr. 95-70-5), 20 for ammonium persulfate

(APS; CAS nr. 7727-54-0) and partly also for potassium persulfate

94 UTER ET AL.
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(PPS; CAS nr. 7727-21-1; 3 additional studies provide data on imme-

diate reactions to APS and partly to PPS), 35 for glyceryl thioglycolate

(GMTG; CAS nr. 30618-84-9), and 15 for ammonium thioglycolate

(ATG; CAS nr. 5421-46-5).

As a weighting scheme for the contribution of single study results

to the overall pooled estimate of prevalence, the standard inverse var-

iance of the single studies has been used. To this end, the use of raw

proportions, which would put an undue weight on studies with very

low or very high prevalences, was avoided. Moreover, double-arcsine

transformation according to Freeman and Tukey, which has been sug-

gested as solution,6,7 was avoided owing to vastly misleading and

erratic results in case of greatly differing sample sizes and/or preva-

lences of single studies.8 Instead, generalized linear mixed models

(GLMMs) were used to arrive at logit-based estimates of pooled prev-

alences and their corresponding 95% confidence intervals (CIs); this

method has been found to deliver reliable results in a variety of set-

tings.8 Generally, random effects meta-analyses were performed in

view of the a priori assumed heterogeneity of samples. The 95% CIs

for prevalences observed in single studies were calculated with the

Clopper-Pearson method, that is, as exact CIs based directly on the

binomial distribution.

Case reports which had been identified in the search are summa-

rized in the Online Supplement. Results of experimental sensitization

studies and exposure analysis are presented in Sections 3.7 and 3.8

below.

3 | RESULTS

Results concerning the two “cosmetic glues” considered,

2-hydroxyethyl methacrylate and ethyl cyanoacrylate, have been pub-

lished separately.9 Very often, more than one of the target substances

has been examined in study reports, except for PPD, usually tested as

part of a baseline series, which only exceptionally includes other

agents within our scope. 2-Methoxymethyl-p-phenylenediamine has

only been tested selectively, mostly in PPD-sensitized patients, to

examine the degree of cross-elicitation. Hence, no figures on the

prevalence of contact allergy in patch-tested patients, hairdressers or

others, or even the population, are yet available for this substance.

3.1 | p-Phenylenediamine (PPD)

As the only one of the selected substances, PPD is being tested rou-

tinely in baseline series all over the world for many decades, usually at

1% pet., or as TRUE Test allergen at 80 μg/cm2. Thereby, the

F IGURE 1 Flow-chart of in-/exclusion of references into the systematic review according to the PRISMA guideline5

UTER ET AL. 95
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literature search, which had been formulated sensitively to allow iden-

tification of all relevant articles, yielded a vast number of studies.10–96

These did not (only) include hairdressers, but can serve as background

information on the general prevalence of PPD contact allergy. Such

background information in terms of results in consecutively patch

tested patients is shown as “caterpillar plot,” that is, ordered by preva-

lence (Figure 2), with a pooled overall estimate based on the 87 studies

of 4.31% (95%CI: 3.79–4.91%). Based on the European subset of

these studies, which could be allocated to one or more of three

10-year periods, no decrease in PPD contact allergy prevalence, but

rather a slight increase can be observed (Online Figure S1). PPD has

also been tested in five population samples (n_total = 5754),97–101

with prevalences ranging from 0.32% in Norway to 1.53% in Poland

(Online Figure S2).

The focus of interest was the prevalence of contact allergy, in this

case to PPD, in hairdressers and—where possible—a comparison

between hairdressers and other patch-tested patients. Methodologically

comparable to the overall results in consecutive patients shown in

Figure 2, the hairdresser-specific results derived from altogether 13 stud-

ies solely testing hairdressers, or at least stratifying their results accord-

ingly, are shown in Online Figure S3.58,66,93,102–111 The overall pooled

prevalence is 28.6% (95%CI: 19.3–40.1%), that is, several times higher

than in consecutively patch-tested patients who are not hairdressers, or

not identified as such. In those studies offering stratified results

between hairdressers and other patients, relative risk can be calculated;

the corresponding Forest plot is shown in Figure 3.58,66,93,104,106,110,112

As a special case, female patients with suspected ACD to hair cosmetics

who are not hairdressers (“clients/self-users”) have been compared to

female hairdressers. Owing to the very similar selection for patch testing

with PPD, the likelihood of being diagnosed as PPD allergic is similar

between the two subgroups, and hence the relative risk is close to

1 (Online Figure S4A).113–115 This is in contrast to a risk increased by

5.38 (95%CI: 3.95–7.33), which is apparent relative to the “general
controls,” that is, patients other than hairdressers tested consecutively

with PPD (except aimed testing in the study by Schubert et al.112).

3.2 | Toluene-2,5-diamine (PTD)

In contrast to PPD, PTD has been tested consecutively in only 4 studies in

general, non-specified patch test patients, and in 4 studies in hairdressers.

However, PTD has been, and still is, included in a “hair cosmetics series”
applied in aimed testing, that is, when exposure and ACD to these cos-

metic ingredients are suspected. This was the case in 19 studies.

Four studies examined the prevalence of PTD contact allergy in

“general” consecutively patch tested patients. Two studies from Leeds,

United Kingdom, included 500 children/adolescents each; they found a

prevalence of 0.80% (95%CI: 0.22–2.04%)29 in 1995 to 2004 and of

2.00% (95%CI: 0.96–3.65%) in 2005 to 2014.78 The other two studies

including adult patients found 1.53% (95%CI: 1.26–1.84%) in 7124

patients84 and 2.82% (95%CI: 2.26–3.49%) in 2939 patients.64 Con-

cerning hairdressers, four other studies present results of consecutive

patch testing (Online Figure S5), with a pooled prevalence estimate of

9.30% (95%CI: 4.74–17.4%).102,103,105,108 Heterogeneity is marked

with an I2 (quantifying the percentage of variability in estimates that is

due to between study heterogeneity rather than chance) of 92.2%

0 10 20 30 40 50 60

Contact allergy prevalence (%)

4.31 [3.79, 4.91]
RE Model

F IGURE 2 Results with
p-phenylenediamine in consecutively
patch tested patients not (known to be)
working as hairdressers as “caterpillar
plot,” that is, ordered by prevalence

96 UTER ET AL.
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(95%CI: 83.2–96.4%), p < 0.0001. Unsurprisingly, in the context of

aimed PTD patch testing in a special series, the pooled prevalence esti-

mates are higher both for patients not being, or not known to be, hair-

dressers (10 studies, 12.7% [95%CI: 8.49–18.6%])73,88,113–120 and also

for hairdressers (9 studies, with 4 also separately including clients/self-

users, 15.0% [95%CI: 10.5–20.9%]).66,93,111,113–115,118,121,122

A comparison between hairdressers and “controls” within the

same study is possible based on the four studies including both sub-

groups.113–115,118 However, all four included a comparison group of

consumers (clients or self-users) with suspected ACD to hair dye

products, thereby again yielding a RR close to 1, namely 1.36 (95%CI:

0.83–2.24, Online Figure S4B).

3.3 | Ammonium persulfate (APS)

Beyond case reports, persulfate has exclusively been patch tested as

ammonium salt (APS is available as a patch test hapten preparation).

In 2 studies, APS had been tested in consecutive “general” patients,

yielding extremely differing results, with 1.73% (95%CI: 1.41–2.11%)

positive reactions in a US study,85 and 22.1% (95%CI: 19.9–24.4%) in

the context of the newly devised Australian baseline series.73 Patch

test results of more targeted testing in hairdressers105,111 and all

patients with suspected occupational dermatitis102,103,108 yielded a

pooled prevalence of positive patch test reactions to APS of 19.2%

(95%CI: 10.8–31.6%).

Altogether, 12 studies were identified as having employed patch

test in a more aimed way, in eight cases involving consumers,88,113–

119 in eight (also) hairdressers.66,93,113–115,118,121,122 In consumers, the

pooled prevalence estimate was 5.50% (95%CI: 3.09–9.58%), in hair-

dressers, 17.2% (95%CI: 13.6–21.6%), with considerable heterogene-

ity of study results: I2 was 95.9% (95%CI: 93.8–97.3%) in consumer-

based results, and equally 95.9% (95%: 93.0–97.7%) in results pertain-

ing to hairdressers, the latter results shown in Online Figure S6.

In the same four studies used to derive a RR estimate for PTD,

APS has been patch tested; results are shown in Figure 4. While the

3 central European serial studies from the Information Network of

Departments of Dermatology (IVDK) consistently demonstrate an

increased risk by a factor of >6, the Japanese study found a very similar

prevalence of APS sensitization in hairdressers versus other patients

with suspected ACD to hair colouring or perming products, that is, in

principle, a similar comparison group as in the three IVDK studies. In

addition to causing delayed type hypersensitivity reactions, that is,

ACD, APS is a well-known cause of immediate reactions. These are

summarized in a section on immediate reactions further below.

3.4 | Glyceryl thioglycolate (GMTG)

Among the 18 studies including “general” patients consecutively

patch tested, all but one from Australia73 are from the US and

Canada, mostly presenting results of the NACDG.20,23,37,45,51,68,91,123–

132 Elsewhere in the world, GMTG has apparently not been tested in

consecutive patients. The prevalences are shown in Online Figure S7;

with the exception of the Australian study showing a prevalence of

8.15% (95%CI: 5.18–12.1%), the results are homogeneous: omitting

the Australian study, the pooled prevalence estimate is 1.45% (95%CI:

1.22–1.73%) (the estimate in the figure includes the Australian study).

In a study from Poland, 139 hairdressing apprentices (mean age

18, range 17–19; 95.7% female) had been tested with GMTG, with no

positive reaction (0%, 95%CI: 0–2.16%).133 In 12 studies hairdressers

and/or consumers with suspected ACD to hair cosmetics had been

tested with GMTG.66,93,103,105,107,108,111,113–115,121,122; the results

shown in Online Figure S8, ordered by year of publication and, with

RE Model  (Q = 24.71, df = 6, p < .01; I2 = 87.0%, τ
2 = 0.13)

0.25 1 4 16

Risk Ratio (log scale)

Piapan, 2020

Schubert, 2018

Schuttelaar, 2016

Schwensen, 2014

Ni, 2011

Malvestio, 2011

Nettis, 2003

66

43

291

36

14

22

24

258

189

1318

363

3

127

17

322

228

3188

24

69

489

5

9338

3854

83590

1969

280

13839

184

 6.11 [4.80,  7.77]

 3.32 [2.46,  4.47]

 4.92 [4.41,  5.49]

 7.49 [4.52, 12.42]

 4.17 [3.07,  5.65]

 4.33 [2.91,  6.43]

22.13 [8.97, 54.55]

 5.38 [3.95,  7.33]

1st author, year Risk Ratio [95% CI]pos. neg. pos. neg.

Hairdresser ControlF IGURE 3 Relative risk (as prevalence
ratio) of hairdressers testing positive to
p-phenylenediamine compared to other
patients tested in the same study. The
7 studies involve “general controls” and,
except in case of Schubert et al. 2018,112

consecutive testing
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this, roughly also of the end of the study period, illustrate that since

around 2010, GMTG contact allergy is much less frequent than

before.

As another perspective on the decline of sensitization risk in hair-

dressers, the RR of hairdressers compared to consumers (clients)

decreased from 10.4% (95%CI: 6.33–17.0)113 when tested 1995–

2002 to 6.01% (95%CI: 3.05–11.9)114 when tested 2003–2006 and

finally to 3.90% (95%CI: 2.22–6.85)115 when tested 2007–2012, all in

central Europe and with the same methodology, as shown in Figure 5.

3.5 | Ammonium thioglycolate (ATG)

In total, 15 studies were available for quantitative evaluation. One

examined a sample of 139 hairdressing apprentices and found no case

of sensitization (0%, 95%CI: 0–2.16%).133 ATG had never been tested

in a baseline series. The bulk of studies include patients with occupa-

tional dermatitis, specifically hairdressers, partly also consumers. Hair-

dressers were explicitly identified as patch-tested patients, partly in

combination with consumers as another, comparative stratum in

11 studies.66,93,102,105,108,111,114,115,118,121,122 The results are shown

in Online Figure S9. The pooled prevalence is 2.89% (95%CI: 1.37–

6.01%) with, however, marked heterogeneity between studies

(I2 = 88.6%, 95%CI: 81.6%–92.9%, p < 0.0001). In comparison, six

studies only, or partly also, included consumers tested with a hair cos-

metics series for suspected ACD related to hair cosmetics (not neces-

sarily perming/straightening products).88,114,115,117–119 The pooled

prevalence of these is 0.73% (95%CI: 0.36–1.46%) and a markedly

lower heterogeneity between study results than above (I2 = 61.0%,

95%CI: 4.6%–84.0%, p = 0.025), see Online Figure S10. Finally, three

studies patch tested hairdressers along with consumers, enabling an

estimation of the RR for ATG sensitization in hairdressers compared

to the latter subgroup (Figure 6), the pooled risk estimate being 3.44

(95%CI: 1.69–7.00).

3.6 | Immediate reactions

Among the classes of substances considered, persulfate salts (APS,

potassium persulfate [PPS], or sodium persulfate [SPS]) are the most

common cause of immediate type reactions. These range from contact

urticaria to rhinitis or bronchial asthma to even more severe, anaphylac-

tic reactions. Respiratory effects of the target hair cosmetic substances

have been systematically reviewed elsewhere.134 Beyond a number of

case reports (see Online Supplement), few systematic studies on the

frequency of such reactions have been published.111,135,136

In a Danish registry-based study covering 2006 to 2011, among

381 hairdressers with recognized occupational contact dermatitis,

19 were diagnosed with occupational contact urticaria (OCU);

16 apprentices and 3 fully trained. In seven of these, this was caused

by APS, 1 by PPS, 4 by APS and PPS, and one by a bleach product not

further specified (it is not clear whether all 19 patients had been prick

tested with all three persulfate salts).111 Authors from the Finnish

Institute of Occupational Health reviewed their records for cases of

OCU and respiratory diseases. Both APS and PPS have been prick

tested as 2% aq. solution in 803 and 806 patients, respectively, in

1991 to 2011. Only APS elicited positive reactions in 17 patients, of

whom 15 were hairdressers.136 Results obtained during 1995 to 1998

in 138 patients have been reported in more detail:135 Seven of 138

patients, all hairdressers, had positive reactions to at least 1 persulfate

salt. “6 hairdressers with positive prick tests reported urticaria,

angioedema or eczema from contact with hair bleaches. Four out of

them also had rhinitis and 2 out of them also had conjunctivitis. 1 hair-

dresser had had only rhinitis and dyspnea aggravated at work. 3 of the

RE Model  (Q = 21.16, df = 3, p < .01; I2 = 93.7%, τ
2 = 0.79)
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patients stopped working as hairdressers, 2 because of respiratory

symptoms and 1 because of skin symptoms, angioedema and contact

urticaria. Immediate-type symptoms disappeared in all 3 of these

patients. The others were able to continue their work by using protec-

tive gloves. Respiratory symptoms were relieved by changing to non-

powdered persulfate formulae.”135

Further, detailed results concerning immediate reactions caused

by oxidative hair dyes for 11 hairdressers examined from 2001 to

2011 have been reported, including specific inhalation challenges with

the hair products137: While five patients had occupational asthma and

rhinitis each, three hairdressers had occupational contact urticaria,

including one who experienced an anaphylactic reaction when dyeing

her own hair. Only in this latter case had a prick test with a PPD-

human serum albumin conjugate been positive, as well as a patch test

to PPD (++). In the other two patients with contact urticaria, open

skin tests yielded positive results with hair dye products.137 Case

reports presenting patients with different types of immediate reac-

tions are presented in the Online Supplement.

3.7 | Experimental results

Given the fact that the target substances have been used for many

decades, basic toxicological knowledge on sensitization hazard and

potency has been published before the year 2000. This evidence, syn-

thesized by expert committees, such as SCOEL, SCCS, or MAK Com-

mission, is the foundation for the identification of all target

substances as skin sensitizers by pertinent regulations. However,

within the present study period, further studies, particularly addres-

sing new derivatives, such as mePPD, have been published and will be

described here.

A standard method to assess cross-reactivity (cross-elicitation)

between molecules has been, and still is, the guinea pig maximization

test (GPMT), where sensitization is induced by one substance, and

elicitation is evaluated using the other. To investigate the individual

skin sensitization potency and the cross-reactivities among PPD,

PTD, p-aminophenol (used in oxidative hair dyes), as well as the

fabric dye p-aminoazobenzene and a tar dye, Sudan III, a GPMT

was performed. In each group, six animals were induced with one

of the chemicals at 0.1% concentration by intradermal injection

and at 1.0% by topical application. The animals were challenged

with all five chemicals in concentrations from 0.1% to 0.001%,

with steps of increase by a factor of 10. Under the conditions of

0.1% challenges, similar sensitization potencies were observed with

PPD (6/6), PTD (6/6), and p-aminophenol. The cross-reactivities to

PPD were confirmed in the animals challenged with PTD (6/6), p-

aminophenol (6/6), p-aminoazobenzene (6/6) and, to a lesser

extent, Sudan III (3/6). In the PTD-induced group, positive
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responses to cross-challenges were elicited by PPD (5/6), p-

aminophenol (3/6), p-aminoazobenzene (5/6) and Sudan III (1/6).

Cross-reactivity to p-aminophenol was observed only with PPD

(2/5) and p-aminoazobenzene (5/5). p-Aminoazobenzene-induced

animals responded only to PPD (1/6). Hence, all these chemicals

except Sudan III are strong sensitizers, with slightly differing pat-

terns of cross-reactivity.138 In a modified, non-radioactive murine

local lymph node assay (LLNA), the sensitizing potency of PPD was

confirmed, and further cross-reactivity to PPD-derivatives used as

rubber antioxidants was assessed using a GPMT.139

Driven by the objective to design molecules that offer the

same cosmetic usability as PPD, but with a lesser sensitizing

potential, side chains have been added to the PPD molecule. One

such derivative is 2-methoxymethyl-PPD (mePPD). In vitro, mePPD

showed less protein reactivity and dendritic cell activation potential

than the basic molecule. In vivo, the EC3 value in the LLNA was

4.3%, indicating a moderate skin sensitizing potency compared to

values of 0.1 and 0.17%, which have been found for PPD and

PTD, respectively.140

The potential of persulfate salts in terms of causing ACD is well

known from many clinical studies (see above). This was confirmed by

a LLNA study with all three salts, finding an EC3 value of 1.9%, 0.9%,

and 2.4% for APS, SPS, and PPS, respectively.141

3.8 | Exposure

Several studies used product ingredient labelling to collect informa-

tion on the frequency of use of different constituents of hair cos-

metics, see below. One study set out to compare the labelling with

the actual content of hair dyes by chemically analysing 52 hair dyes

from 11 different countries. These were bought over the counter.

High-pressure liquid chromatography (HPLC) was used for the analy-

sis of PPD, PTD, and three oxidation products of PPD. Agreement

between labelling and content was good, except for 7/52 products

(13.5%) that were incorrectly labelled in terms of listing an ingredient

that was, however, not detected by analysis.142 A different perspec-

tive on incorrect labelling was taken in a study from Singapore, where

PPD-containing dyes may only be dispensed by registered pharma-

cists. Notwithstanding, two of the 16 dye products available over-the-

counter did contain PPD.143 The studies examining the ingredient

labeling of oxidative hair dye products are summarized in Table 1.

By chemical analysis, exposure to some selected primary interme-

diates (PPD, PTD, p-aminophenol) and couplers (m-aminophenol, res-

orcinol) of oxidative hair dyes for non-professional use during and

after hair dyeing was quantified. “In both presence and absence of

hair, significant amounts of unconsumed precursors and couplers

remained in the hair dye formulations after final colour development.

Thus, up to 1.1% PPD, 0.04% PTD, 0.02% m-aminophenol and 0.02%

resorcinol were found in the hair dye formulation after the required

colour was developed.”144 Thus consumers are exposed to precursors

and couplers of oxidative hair dyes, both during and after hair dyeing,

for example, when the freshdyed hair is washed.144

Concerning actual exposure from such precursors, it has been

found that when wearing gloves during dyeing and rinsing, contamina-

tion with (14C-radiolabeled) PPD is negligible.145 However, real-life

skin exposure may be higher. Lind et al. developed and validated a bag

rinse method and HPLC analysis of the rinse liquid concerning PPD,

PTD, m-aminophenol, resorcinol, and/or 2-methylresorcinol.146 Using

this, “in 33 hairdressers samples were collected from each hand

before the start of hair dyeing, after application of the dye and after

cutting the newly-dyed hair. Sixteen of the hairdressers did not use

gloves during dye application, and none used gloves while cutting the

dyed hair. The samples were analysed for pertinent aromatic amines

and resorcinol using an HPLC method. Ten of 54 hair dye mixtures

contained PPD, 40 PTD, and 44 resorcinol. After application of the

hair dye, PPD was found in samples from 4 hairdressers, PTD in

12 and resorcinol in 21. PPD was found in samples from 3 of the

17 hairdressers that used gloves during application of the hair dye,

TDS in 5 and resorcinol in 11. In the group that did not use gloves

during the application of hair dye (n = 16) PPD was found in samples

from 1 hairdresser, PTD in 7 and resorcinol in 11. After cutting the

dyed hair, PPD was found in samples from 5 hairdressers, PTD in

14 and resorcinol in 20. Analysis of samples of newly-dyed hair cut-

tings revealed the presence of aromatic amines and/or resorcinol in

11/12 samples.”147

Addressing the technical suitability of different glove materials

and using the American Society for Testing and Materials (ASTM)

(1-inch) test cell, disposable gloves made from polyvinyl chloride

(PVC), natural rubber latex (NRL), and polyethylene (PE) were exam-

ined for breakthrough of 5% PPD, 0.75% PTD sulphate, and 10% res-

orcinol. The NRL glove was permeated by resorcinol after 183 min,

and the PE glove by PPD with a time-lag breakthrough time of

32 min.148 In view of the usual times spent for dyeing, the protection

by all types of gloves was regarded as adequate by the authors. A

study from Taiwan, using PPD and aminophenol isomers, similarly

found good protection against the chemicals of disposable PVC, NRL,

and neoprene gloves, but advised against repeated use of these.149

Conversely, using an in vivo method of examining the protective effect

of various glove materials against PPD, using eight PPD-sensitized

volunteers who were tandem patch tested with an activated PPD-

containing hair dye separated from the skin with pieces of glove mate-

rial, the authors obtained less favourable results. Using the volunteers

as biosensors, positive reactions despite “glove protection” indicated

insufficient protective effect. “Eczematous reactions were found

when natural rubber latex, polyethylene, and vinyl gloves were tested

with the dye. The nitrile gloves gave good protection, even after

60 min of exposure to the hair dye.”150

4 | DISCUSSION

The present systematic review set out to collate available evidence on

(i) overall morbidity in terms of sensitization to selected, important,

often-tested hair cosmetic chemicals (“active” ingredients);

(ii) occupation-specific contact allergy prevalence to these substances

100 UTER ET AL.
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in hairdressers; including (iii) an estimation of relative risk in hair-

dressers compared to non-hairdressers; and (iv) possible time trends.

Moreover, exposure to these substances and additional relevant infor-

mation such as pertinent experimental results were addressed. This

many-faceted evidence will be discussed with regard to identifiable

targets of further research and increased prevention efforts.

4.1 | Methodological aspects

We followed current guidelines for the identification and extrac-

tion of publications within the scope of our objectives.5 However,

the assessment of RoB, specifically of reports on clinical patch

test studies, proved a challenge, as no “ready to use” instrument

was available. A suggested checklist for patch test studies

addresses the quality of study performance.151 However, while

these criteria are adequate for highly standardized, quasi-

experimental patch test studies, they appear over-conservative for

clinical surveillance reports.152 Therefore, we collated criteria from

various study designs and sources as described in the initially

published protocol,4 based on considerations in Uter et al.

2016.152 Operational definitions for some of the semi-quantitative

evaluation criteria were used and adapted within our project con-

sortium; this approach may impair the accuracy of assessing RoB.

In a sensitivity analysis excluding the lowest 10% of RoB-related

quality indicatively addressing PPD, the substance for which by

far the largest number of publications was identified, little change

(<10% change of estimate) of prevalence or risk estimates was

noted.153

4.2 | Comparative prevalences

In several, but not all, European countries, PPD itself is no longer the

primary intermediate used most often in oxidative hair dye products,

but it is still widely used globally (Table 1). For this reason, and also

for its role as a marker, for example, concerning some textile dye con-

tact allergens, PPD has been included in routinely tested baseline

series worldwide for decades already. As a consequence, a vast num-

ber of reports on the contact allergy frequency to PPD is available,

either globally in all tested patients, or, quite rarely, stratified for hair-

dressers vs. other patients. Comparing the overall contact allergy

TABLE 1 Results of several studies examining the ingredient labelling of oxidative hair dye products at different times and in different
regions, updated from Ref. 154.

Sweden Spain Denmark USA Germany Thailand Korea

Study year 2009 2012 2013 2014 2013/14 2013/14 2013

Reference 157 158 159 160 154 161 162

Sample size 122 105 365 107 924 252 99

Substance (INCI)

Toluene-2,5-diamine (sulphate) 80 49 57.8 21 88 28.7 30

p-Phenylenediamine 16 50 22.2 78 (0.3) 56 64.4

Resorcinol 82 81 59.7 89 77.5 63.9 76.2

m-Aminophenol 68 76 52.9 75 70.5 54.8 69.3

2-Methylresorcinol 39 33 39.2 32 36.9 20.6 –

p-Aminophenol 25 32 36.2 60 30.7 37.3 55.4

4-Amino-2-hydroxytoluene 35 35 30.4 36 30.7 22.2 28.7

2-Amino-3-hydroxypyridine 16 (13) (13.7) (7) 27.1 (5.6) –

2,4-Diaminophenoxyethanol HCl 25 30 19.7 36 27.1 21.8 20.8

2-Methyl-5-hydroxyethylaminophenol (15) 15 (11) (19) 22.4 (7.5) 15.8

6-Hydroxyindole (5) (6) (6) (7) 15.2 – –

4-Amino-m-cresol 18 – (13.6) (6.7) –

4-Chlororesorcinol 18 (11) 23 (3) (10) (8.7) –

2-Amino-4-hydroxyethylaminoanisole sulphate – – 19.7 – (12.7) – –

N,N-Bis(2-hydroxyethyl)-p-phenylenediamine sulphate (11) 18 (6.6) 41 (3.7) 12.3 (2.7)

Phenyl methyl pyrazolone (11) 15 (3.6) (12) – 9.5 –

1-Naphthol (13) (13) (8.2) 21 (3.6) (8.7) –

Note: Comparison of the percentage of the most commonly found components of oxidative hair dyes in 5 surveys. The respective “top 10” of each survey

were included; occurrences beyond these “top 10” is indicated by giving the percentage in parentheses. Substances only included if not prohibited by EU

Cosmetics Regulation (EC 1223/2009). The Korean study lists o-aminophenol (in 16.8% of products) and m-phenylenediamine (in 15.8% of products)162

which are prohibited under EU Cosmetics Regulation (Annex II/1372).
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prevalence to PPD of 4.31% (95% CI: 3.79–4.91; Figure 2) as a back-

ground with the hairdresser-specific prevalence of 28.6% (95%CI:

19.3–40.1%; Online Figure S3), also based on consecutive patch test-

ing, an increased sensitization risk is clearly evident. Prevalences in

the latter set of studies differ considerably, probably owing to geo-

graphical variation but also to a different degree of selection, even if

“every hairdresser” had been patch tested with PPD, the patch test

setting—general patch test clinic versus tertiary referral centre for

occupational contact dermatitis—presumably has a strong impact on

the probability of a positive result. The increased risk in hairdressers is

corroborated by the relatively few studies in which a direct, within-

study comparison between hairdressers and “general” controls is pos-
sible (Figure 3), finding a RR of 5.38 (95% CI: 3.95–7.33). The fact that

a few other studies not employing “general” (i.e., not further selected)
controls, but specifically non-hairdressers presenting with suspected

ACD to hair cosmetics, yield a different result in terms of relative

risk113–115 needs some explanation: non-hairdresser patients present-

ing with suspected ACD to hair cosmetics may either have had the

product applied by a hairdresser (as “clients”) or by themselves

(as “self-users”). Self-use of waving/straightening products or

bleaches is low,2 despite the general availability of such products,

while it is certainly common in the case of oxidative hair dyes, which

many consumers apply on a regular basis every few weeks for many

years. Thus, relevant exposure not only of the scalp and glabrous skin,

but also of the hands, is expected in self-users. Hence, both self-use

and exposure as a hairdresser client add up to lead to a substantial

sensitization risk to oxidative hair dye components also in these non-

hairdressers. Once these develop ACD, are patch tested for, among

others, contact allergy to PPD, PTD, p-aminophenol or any of the

“coupling agents,” there is a high likelihood of a positive result,

because compared to bleaches or waving/straightening products,

exposure and sensitization is a priori very likely. Consequently, the

risk of hairdressers to be sensitized to oxidative hair dye components

such as PPD or PTD appears very similar to this select comparison

group, severely biassing the RR downwards, to even unity, as evident

in Online Figure S4, which illustrates the same effect for toluene-2,-

5-diamine (PTD).

In contrast to oxidative hair dye components tested in an aimed

fashion, contact allergy risk regarding APS (Figure 4), GMTG

(Figure 5), and ATG (Figure 6) is clearly and significantly elevated in

hairdressers, compared to all controls, limited to clients or self-users

by necessity, as APS and GMTG very rarely, and ATG never have been

tested in a baseline series, but only in special, exposure-related test

series. The self-users can be regarded as normal controls, as bleaches

and waving/straightening products are applied only by professionals,

as discussed above. That said, the risk estimated based on this com-

parison may still underestimate the actual risk associated with hair-

dressing compared to a comparison with an indeed “general,” non-

selected comparison group, as was possible for PPD thanks to this

being tested in the baseline series.

Generally, hairdressers are also self-users (or clients) themselves,

perhaps even more intensely so than many ordinary consumers. Such

exposure (of the scalp and glabrous skin) will evidently contribute to

the individual sensitization risk to some extent. However, sensitization

prevalences, compared to non-hairdressers representing an average

consumer exposure, clearly indicate an excess risk that can be attrib-

uted to professional exposure. Excess exposure of hairdressers has

been systematically quantified based on available evidence and

related to “normal” consumer exposure.2 In that review, it has been

estimated that exposure to oxidative hair dyes is up to 78 times more

frequent in hairdressers, and to bleach products up to 49 times, illus-

trating that safe ingredient levels tailored to consumer exposure may

potentially be too high to be protective for hairdressers—if these do

not use suitable protective gloves adequately at all times (see “Per-
spectives” below).

Occupational wet work is an additional factor to be considered

when discussing sensitization risk in hairdressers.2 The epidermal bar-

rier may be compromised already in a state of subclinical irritation,

facilitating allergen (hapten) penetration. Early1 or frank irritant con-

tact dermatitis may be present, further increasing the risk of contact

allergy owing to the presence of a pro-inflammatory milieu.

Regarding persulfates, successful secondary prevention measures

have been described by the Finnish Institute of Occupational Health

(FIOH).135 Certainly, this is also a very useful measure of primary pre-

vention of airborne (skin and inhalatory) exposure, although this has

not yet been confirmed by actual exposure studies.134

4.3 | Time trends

Following changes in exposure to specific substances, including

“active” hair cosmetic ingredients such as the ones considered here,

subsequent changes in contact allergy prevalence can be expected.

Concerning PPD, a sample of oxidative hair dye products examined in

2013/2014 in Germany found little usage of PPD, merely identified in

0.3% of n = 924 products.154 Unfortunately, earlier such results from

Germany are not available, but efforts of industry to replace PPD with

less-sensitizing alternatives, including me-PPD, are evident (see also

Table 1). Notwithstanding, no downward trend of PPD contact allergy

can be seen, neither in the European studies presented in Online

Figure S1, nor if comparing results with PPD of the three successive

IVDK studies spanning 1995/1996 (27.6% hairdressers positive) to

2007 to 2012 (20.4% hairdressers positive).113–115 There are several

possible explanations for the lack of a visible trend: (i) a large share of

“historical” sensitization acquired during a previous period with PPD

exposure; (ii) cross-reactivity with other primary intermediates includ-

ing PTD and p-aminophenol, masquerading a possible trend concern-

ing primary PPD sensitization; (iii) de novo sensitization to PPD

derivatives despite their lower sensitization potency with cross-

elicitation (in the patch test) by PPD; and (iv) use of imported oxida-

tive hair dye products still containing PPD (which is not prohibited in

the EU, but only restricted to a 2% concentration on-head or, for pro-

fessional use only, on eyelashes, according to Annex III/8a, b of the

Cosmetics Regulation).

By contrast, a drastic change of exposure induced by the volun-

tary withdrawal of GMTG, pre-emptying later regulation, has led to a

102 UTER ET AL.

 16000536, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cod.14236 by D

et K
ongelige, W

iley O
nline L

ibrary on [30/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



significant decline and virtual vanishing of incident cases of contact

allergy to GMTG in Germany.155 It is interesting to note that the RR

steadily fell from 10.4 to 3.90, comparing sensitization frequencies

between hairdressers and consumers, the former thus approaching

the latter “background” level of contact allergy. However, such an

overall comparison as shown in Figure will underestimate the true

effect of this ban (valid only on a national level in Germany, while

according to the EU Cosmetics Regulation, GMTG is permitted at 8%

and 11% for general and professional use, respectively). The effect

has been better illustrated by an age-stratified analysis, where the

youngest age group of hairdressers up to 20 years of age should not

have been exposed to GMGT, and indeed were not found to be sensi-

tized when tested about 10 years after the ban.155 Although only the

US-study from 2012 found a very high prevalence of almost 47% in

patch-tested hairdressers,107 in a similar range as the high level of

sensitization prompting (self-)regulation in Germany in the mid-90s,

GMTG is not an infrequent allergen in many countries, except in

some, where either GMTG-containing “acid” perms are unpopular

and/or skin protection and work hygiene have been optimized. A

reassessment of GMTG-related risk and possible consequences for

regulation could be warranted.

4.4 | Exposure and protection

A wide spectrum of hair colouring services is presently used by hair-

dressers, which broadens even further with changing trends and cus-

tomer demands. As standard procedures, possibly providing skin contact

to hair colour ingredients, such as PPD or PTD, the following can be

mentioned2: Cutting wet hair after a preceding hair colouring procedure,

and colouring hair (i) with permanent/oxidative hair colour using 6% to

12% hydrogen peroxide on the full head, (ii) with semi-permanent oxida-

tive hair colour using 2% and 3% hydrogen peroxide or non-oxidative

hair colour on the full head, and (iii) on the root/regrowth only with oxi-

dative/non-oxidative hair colours according to previous treatment. These

colouring procedures—and ideally also cutting procedures—should be

conducted wearing adequate protective gloves. The share of hairdressers

actually wearing gloves is, however, low in some of these tasks. Espe-

cially in view of hairdressers reusing gloves, contamination by wrong

usage or whilst taking off the gloves, considering breakthrough times of

gloves and the fact that some substances used in hairdressing products

(e.g., PPD used in hair colour) permeate glove material, glove use in prac-

tice is not as effective as envisaged. Correct utilization of suitable gloves

according to the type of conducted tasks should always be promoted.

This is especially relevant for hairdressers with high exposure in their

working life, but also should not be neglected by consumers using hair-

dressing chemicals at home. The substantial risk of sensitization to, for

example, PPD or PTD is evident from the studies focusing on clients/

self-users of hair dyes.113–115 New hair colouring services, for instance

so-called glossings, which are applied after bleaching the hair or to

refresh the hair colour, are also coming onto the market. As glossings are

applied directly after washing the hair in the sink, hairdressers might tend

to think that there is no need to wear gloves for this relatively short skin

contact with a dyeing agent. According to previous research, the share

of hairdressers wearing adequate gloves when washing hair is quite low.

Hence, it is not unlikely that such a glossing procedure will also be per-

formed without any glove-protection against the dyeing agents. There-

fore, appropriate guidance on how to apply glossings safely needs to be

provided.

The same applies for services in which the hair is permanently

curled or straightened. Over the last years, perming the hair came into

fashion again, now using larger curlers to create so-called beach

waves rather than tight curls. The ingredients of the perming solu-

tions, however, remained the same. Furthermore, it should be men-

tioned that perming just parts of the hair (mainly only on top of the

head) has become popular among male clients recently. Perming and

relaxing agents, possibly containing GMTG and ATG, should thus still

be considered as important hairdressing exposures.

4.5 | Perspectives and challenges

• Beyond the limited, indicative set of substances assessed, the

ever-changing exposure to occupational (and consumer) allergens

in hair cosmetics must prompt a continual analysis of the spectrum

of contact allergy and, based on this, re-assessment and possibly

re-definition of the “hair cosmetic” patch test series.156

• New trends alongside new hair cosmetics flood the market every

few months, changing the occupational exposure of hairdressers

ever so often. New products should be introduced with adequate

guidance on safe use (e.g., wearing a certain type of gloves).

• Knowledge of how to appropriately protect the skin at work should

be taught in early career stages and refreshed later on. Vocational

schools can act as multiplicators in terms of knowledge. Compelling

slogans such as “No surgeon would say that he/she cannot work

with gloves, so a hairdresser should be able to work with gloves,

too” may help in convincing and motivating the hesitant.
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134. Macan J, Babi�c Ž, Hallmann S, et al. Respiratory toxicity of persulphate

salts and their adverse effects on airways in hairdressers: a systematic

review. International Archives of Occupational and Environmental Health.

2022;95:1679-1702. doi:10.1007/s00420-022-01852-w

135. Aalto-Korte K, Mäkinen-Kiljunen S. Specific immunoglobulin E in

patients with immediate persulfate hypersensitivity. Contact Derma-

titis. 2003;49(1):22-25. doi:10.1111/j.0105-1873.2003.00134.x

136. Helaskoski E, Suojalehto H, Kuuliala O, Aalto-Korte K. Prick testing

with chemicals in the diagnosis of occupational contact urticaria and

respiratory diseases. Contact Dermatitis. 2015;72(1):20-32.

137. Helaskoski E, Suojalehto H, Virtanen H, et al. Occupational asthma,

rhinitis, and contact urticaria caused by oxidative hair dyes in hair-

dressers. Ann Allergy Asthma Immunol. 2014;112(1):46-52.

138. Xie Z, Hayakawa R, Sugiura M, et al. Experimental study on skin sen-

sitization potencies and cross-reactivities of hair-dye-related chemi-

cals in Guinea pigs. Contact Dermatitis. 2000;42(5):270-275.

139. Yamano T, Shimizu M. Skin sensitization potency and cross-

reactivity of p-phenylenediamine and its derivatives evaluated by

non-radioactive murine local lymph node assay and Guinea-pig max-

imization test. Contact Dermatitis. 2009;60(4):193-198.

140. Goebel C, Troutman J, Hennen J, et al. Introduction of a methoxy-

methyl side chain into p-phenylenediamine attenuates its sensitizing

potency and reduces the risk of allergy induction. Toxicol Appl Phar-

macol. 2014;274(3):480-487.

141. Cruz MJ, De Vooght V, Muñoz X, et al. Assessment of the sensitiza-

tion potential of persulfate salts used for bleaching hair. Contact

Dermatitis. 2009;60(2):85-90.

142. Antelmi A, Bruze M, Zimerson E, et al. Evaluation of concordance

between labelling and content of 52 hair dye products: overview of the

market of oxidative hair dye. Eur J Dermatol EJD. 2017;27(2):123-131.

143. Koh D, Tan C, Ng SK, Tan BT, Leow YH, Goh CL. Screening for

p-phenylenediamine (PPD) in hair-care products by thin-layer chro-

matography (TLC). Contact Dermatitis. 2000;43(3):182-183.

144. Rastogi SC, Søsted H, Johansen JD, Menné T, Bossi R. Unconsumed

precursors and couplers after formation of oxidative hair dyes. Con-

tact Dermatitis. 2006;55(2):95-100.

145. Hueber-Becker F, Nohynek GJ, Dufour EK, et al. Occupational expo-

sure of hairdressers to [C-14]-para-phenylenediamine-containing

oxidative hair dyes: a mass balance study. Food Chem Toxicol. 2007;

45(1):160-169.

146. Lind ML, Boman A, Surakka J, Sollenberg J, Meding B. A method for

assessing occupational dermal exposure to permanent hair dyes.

Ann Occup Hyg. 2004;48(6):533-539.

147. Lind ML, Boman A, Sollenberg J, Johnsson S, Hagelthorn G,

Meding B. Occupational dermal exposure to permanent hair dyes

among hairdressers. Ann Occup Hyg. 2005;49(6):473-480.

148. Lind ML, Johnsson S, Meding B, Boman A. Permeability of hair dye

compounds p-phenylenediamine, toluene-2,5-diaminesulfate and

resorcinol through protective gloves in hairdressing. Ann Occup Hyg.

2007;51(5):479-485.

149. Lee HS, Lin YW. Permeation of hair dye ingredients, p-

phenylenediamine and aminophenol isomers, through protective

gloves. Ann Occup Hyg. 2009;53(3):289-296.

150. Antelmi A, Young E, Svedman C, et al. Are gloves sufficiently protec-

tive when hairdressers are exposed to permanent hair dyes? An

in vivo study. Contact Dermatitis. 2015;72(4):229-236.

151. Bruze M. Thoughts on how to improve the quality of multicentre

patch test studies. Contact Dermatitis. 2016;74(3):168-174. doi:10.

1111/cod.12507

UTER ET AL. 107

 16000536, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cod.14236 by D

et K
ongelige, W

iley O
nline L

ibrary on [30/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:doi/10.1001/archderm.136.2.272
info:doi/10.1111/j.1600-0536.2011.02022.x
info:doi/10.1016/j.jaad.2005.04.077
info:doi/10.1007/s00420-022-01852-w
info:doi/10.1111/j.0105-1873.2003.00134.x
info:doi/10.1111/cod.12507
info:doi/10.1111/cod.12507


152. Uter W, Rustemeyer T, Wilkinson M, Duus JJ. Quality in epidemio-

logical surveillance of contact allergy. Contact Dermatitis. 2016;

74(3):175-180. doi:10.1111/cod.12518

153. Strahwald J. Systematic Review on Sensitisation by Exposure to

Important Constituents of Oxidative Hair Dyes in Hairdressers and

Consumers. Master Thesis "Medical Process Management";
2021.

154. Kirchlechner S, Hübner A, Uter W. Survey of sensitizing components

of oxidative hair dyes (retail and professional products) in Germany.

J Deutsch Dermatol Gesellsch J German Soc Dermatol JDDG. 2016;

14(7):707-715.

155. Uter W, Geier J, Lessmann H, Schnuch A. Is contact allergy to glyc-

eryl monothioglycolate still a problem in Germany? Contact Dermati-

tis. 2006;55(1):54-56. doi:10.1111/j.0105-1873.2006.0847b.x

156. Uter W, Bensefa-Colas L, Frosch P, et al. Patch testing with hair cos-

metic series in Europe: a critical review and recommendation. Con-

tact Dermatitis. 2015;73(2):69-81. doi:10.1111/cod.12424

157. Yazar K, Boman A, Liden C. Potent skin sensitizers in oxidative hair

dye products on the Swedish market. Contact Dermatitis. 2009;

61(5):269-275.

158. Yazar K, Boman A, Liden C. P-Phenylenediamine and other hair dye

sensitizers in Spain. Contact Dermatitis. 2012;66(1):27-32.

159. Brunn Poulsen P, Strandesen M. Survey and Occurrence of PPD, PTD

and Other Allergenic Hair Dye Substances in Hair Dyes. The Danish

Environmental Protection Agency; 2013.

160. Hamann D, Yazar K, Hamann CR, Thyssen JP, Lidén C. P-

Phenylenediamine and other allergens in hair dye products in the

United States: a consumer exposure study. Contact Dermatitis.

2014;70(4):213-218.

161. Boonchai W, Bunyavaree M, Winayanuwattikun W, Kasemsarn P.

Contact sensitizers in commercial hair dye products sold in Thailand.

Contact Dermatitis. 2016;74(4):222-229.

162. Kim H, Kim K. Prevalence of potent skin sensitizers in oxidative hair

dye products in Korea. Cutan Ocul Toxicol. 2016;35(3):204-207.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Uter W, Strahwald J, Hallmann S,

et al. Systematic review on skin adverse effects of important

hazardous hair cosmetic ingredients with a focus on

hairdressers. Contact Dermatitis. 2023;88(2):93‐108. doi:10.

1111/cod.14236

108 UTER ET AL.

 16000536, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cod.14236 by D

et K
ongelige, W

iley O
nline L

ibrary on [30/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:doi/10.1111/cod.12518
info:doi/10.1111/j.0105-1873.2006.0847b.x
info:doi/10.1111/cod.12424
info:doi/10.1111/cod.14236
info:doi/10.1111/cod.14236

	Systematic review on skin adverse effects of important hazardous hair cosmetic ingredients with a focus on hairdressers
	1  INTRODUCTION
	2  METHODS
	3  RESULTS
	3.1  p-Phenylenediamine (PPD)
	3.2  Toluene-2,5-diamine (PTD)
	3.3  Ammonium persulfate (APS)
	3.4  Glyceryl thioglycolate (GMTG)
	3.5  Ammonium thioglycolate (ATG)
	3.6  Immediate reactions
	3.7  Experimental results
	3.8  Exposure

	4  DISCUSSION
	4.1  Methodological aspects
	4.2  Comparative prevalences
	4.3  Time trends
	4.4  Exposure and protection
	4.5  Perspectives and challenges

	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


