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Abstract

Current cosmetic regulations primarily focus on protecting consumers, not the

professional user who is subjected to a partly different, and certainly more intense

exposure to hazardous substances. Against this background, this systematic review

aims to compile and appraise evidence regarding skin toxicity of 2-hydroxyethyl

methacrylate (HEMA; CAS no. 212-782-2) and ethyl cyanoacrylate (ECA; CAS

no. 7085-85-0) contained in cosmetic glues used among hairdressers and beauticians

who perform nail treatments and eyelash extension as well as hair extension applica-

tions. This systematic review followed the Preferred Reporting Items for Systematic

review and Meta-Analysis (PRISMA) 2020 recommendations for reporting systematic

reviews and meta-analysis. In total, six publications from six countries were eligible

for this systematic review. A meta-analysis revealed that hairdressers and beauticians

have a ninefold increased risk of developing contact allergy to HEMA compared with

controls who are not hairdressers and beauticians. Results for ECA are lacking. The

results of this systematic review clearly show that—regarding contact allergy to

acrylates—it is not appropriate to apply risk assessment for consumers to hairdressers

and beauticians who occupationally handle cosmetic glues. The regulations in
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existence do not adequately address occupational risks for hairdressers and beauti-

cians connected with the use of acrylate-containing cosmetic substances and need

reconsideration.

K E YWORD S

2-hydroxyethyl methacrylate, contact dermatitis, ECA, ethyl cyanoacrylate, glue, hairdresser,
HEMA, occupational, occupational diseases, skin diseases

1 | INTRODUCTION

Hairdressers and beauticians constitute a high-risk cohort for devel-

oping work-related skin damage and consequently occupational skin

diseases (OSDs). Hand dermatitis (hand eczema [HE]) is thereby the

most common OSD.1,2 The most relevant factors that contribute to

the pathogenesis of HE in this occupational group are wet work and

skin contact with irritants and allergens.3-5 This skin strain in everyday

working life leads to impairment of the epidermal barrier function

concomitant with the induction of a proinflammatory milieu; conse-

quently, the risk of developing occupational contact dermatitis is

increased. Initial irritant HE can easily lead to the development of

allergic HE due to the fact that allergens penetrate the impaired skin

barrier more easily.6 An adequate risk assessment regarding hazardous

substances, namely allergens, is indispensable to initiate appropriate

protective measures and to ultimately protect the (skin) health of hair-

dressers and beauticians.

Occupational exposure is constantly changing due to changing com-

positions of products at work, which presents a major challenge for con-

ducting risk assessment in the cosmetics sector. While taking the

cosmetic products' instructions of use into account, it is important to

consider that hairdressers and beauticians are exposed regularly and for

significant hours and long periods to hazardous substances. The

European Cosmetics Regulation, adopted in 2009,7 is primarily focused

on protecting consumers, not professional users. The Scientific Commit-

tee on Consumer Safety (SCCS) normally does not assess the risk of

occupational exposures and therefore almost exclusively deals with

‘consumer’ aspects, targeting the general public.8 Thereby, occupational

risks associated with the use of cosmetic products are not sufficiently

recognized. As one consequence, the European Commission is unable to

initiate appropriate occupational risk management to adequately protect

hairdressers and beauticians. This has to be regarded as highly problem-

atic because OSD does not only entail suffering due to illness on an indi-

vidual level but also presents a macrosocial problem as it may further

result in high medical treatment costs for the social insurance system as

well as social consequences such as a necessary occupational change or

at worst, a premature withdrawal from the labour market.9-11

Within the framework of the project ‘Promoting the autonomous

implementation of the European framework agreement on occupa-

tional health and safety in the hairdressing sector’, a series of system-

atic reviews have been performed.12 One of the product categories

on which a focus has been put is cosmetic glues, used in the beauty

sector for applying hair extensions, conducting nail treatments that

involve the use of cosmetic (nail) glues/applying nail art, and applying

eyelash extensions (Figure 1). 2-Hydroxyethyl methacrylate (HEMA;

CAS no. 212-782-2) and ethyl cyanoacrylate (ECA; CAS

no. 7085-85-0) were identified as target substances in cosmetic glues.

This systematic review aims to compile and appraise clinical evidence

regarding skin toxicity of HEMA and ECA contained in cosmetic glues.

2 | METHODS

2.1 | Eligibility criteria

Eligibility criteria for studies to be included in the systematic review

are reported following the PECOS (participants, exposure, comparator,

outcome, study design) scheme adapted from the CRD' (Centre for

Reviews and Dissemination) guidance for undertaking reviews in health

care15 (Table 1).

2.2 | Registration and protocol

This systematic review has been registered in the International Pro-

spective Register of Systematic Reviews (PROSPERO) under the regis-

tration number CRD42021238118.77 The protocol has been

published elsewhere.12 No amendments to the information provided

at registration or in the protocol were made.

2.3 | Information sources

Systematic searches were conducted within the electronic databases

PubMed/MEDLINE and Web of Science Core Collection (WoS).

Assessment of risk of bias (ROB) within included studies and assess-

ment of quality of evidence have been described in the protocol for this

systematic review.12 As we expected large heterogeneity in methods

and outcomes, we conducted a narrative synthesis of results instead of

a meta-analysis, except where quantitative pooling was feasible.

2.4 | Search strategy

Searches were performed in February 2021. Furthermore, we hand

searched the bibliographies of all studies identified through the
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electronic database search and meeting the inclusion criteria. We

also performed forward snowballing by using the six most impor-

tant references identified, and checked all references citing any of

these publications. This citation analysis was performed based on

the WoS database. We used English search terms only.

Generally, we searched for title, abstract, and keywords.12 Only

accepted publications after 1999 (ie, 2000 and following) were

considered.

2.5 | Selection process

For one search query, the search results were exported from

MEDLINE and WoS in a suitable format and imported into Zotero

libraries, documenting the number of references contributed by each

export/import set. In the Zotero library, bibliographical duplicates

were identified and the entry including less information (eg, no

abstract) were discarded.12 In case of discordant results, the entry

was reviewed by a third experienced reviewer and a final decision

was made. Reasons for noninclusion were documented, and summa-

rized at the end for use in the Preferred Reporting Items for System-

atic review and Meta-Analysis (PRISMA) for systematic review

protocols (PRISMA-P) flow chart.16

The final set of references eligible for full-text screening by two

reviewers (C.S. and P.W.) were imported into a Zotero cloud-based

reference database after the initial set of references had been

archived. Full-text articles were, again, scrutinized and extracted inde-

pendently by two reviewers, with a third senior reviewer (S.M.J. or W.

U.) consensualizing divergent results between the two initial

reviewers. All decisions and reasons leading to the exclusion of stud-

ies were documented, providing information on the individual assess-

ments by both initial reviewers and the final decision. At the end of

F IGURE 1 Usual application of eyelash glue/adhesive onto (A) so-called cluster eyelash extensions and (B) a so-called eyelash band. The
eyelash glue is usually placed on the back of the hand and the eyelash extension is then dipped into the glue with the help of tweezers.
Oftentimes, the remaining eyelash glue dries on the hand and the residue will only be removed at the end of the working day, thereby exposing
the hairdresser or beautician to the substances contained in the cosmetic glue for a considerable amount of time. Exposure might also be given
when gloves are worn due to the short break-through times (<10 minutes)13,14 of acrylates for most gloves used in the cosmetic sector. Thus,
even wearing gloves would not alleviate the high risk of sensitization

TABLE 1 Eligibility criteria following the PECOS scheme

Criterion Inclusion Exclusion

Participants Hairdressers and beauticians who

perform nail treatments and

eyelash extension as well as hair

extension applicationsa, patients,

products

None

Exposure Exposure to (an) eligible

chemical(s)b
n/a

Comparator Clients, consumers, normal

population (no or less exposure)

n/a

Outcome Skin toxicity event (contact allergy,

irritancy)

n/a

Study

design

Experimental studies Qualitative

studies

Observational studies Case reports

Case series

Abbreviation: n/a, not applicable.
aHairdressers and related occupational groups (manicurists, beauticians,

aestheticians, nail designers, etc.) do oftentimes have a comparable

exposure to cosmetic glues while conducting diverse work tasks (nail

treatments/nail art, make-up services including the application of artificial

eyelashes, etc.).
b2-Hydroxyethyl methacrylate (HEMA; substance identifiers:

2-hydroxyethyl methacrylate, 868-77-9, HEMA, methacrylic acid,

2-hydroxyethyl ester [6CI,8CI], methacrylic acid, ester with glycol [7CI],

2-[methacryloyloxy]ethanol, 2-HEMA, 2-hydroxyethyl 2-methylprop-

2-enoate, ethylene glycol methacrylate, ethylene glycol

monomethacrylate, glycol methacrylate, glycol monomethacrylate,

β-hydroxyethyl methacrylate) and ethyl cyanoacrylate (ECA; substance

identifiers: ethyl cyanoacrylate, 7085-85-0, acrylic acid, 2-cyano-, ethyl

ester (6CI,7CI,8CI), 2-cyano-2-propenoic acid ethyl ester, 2-cyanoacrylic

acid ethyl ester, ethyl 2-cyanoacrylate, ethyl 2-cyanopropenoate, ethyl

α-cyanoacrylate).12
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this process, a set of full-text articles to be included in the systematic

review was identified.

2.6 | Data collection process and data items

Two reviewers independently extracted the data from studies meeting

the inclusion criteria using a standardized, pre-piloted publication

record form (PRF). In this review, only one PRF was used for clinical

patch test studies because other study types did not apply. A third

senior reviewer reviewed the extracted data and made final decisions

in contradictory cases. The finalized PRF was preserved and is

attached as supplemental material to this systematic review.

The following basic data were extracted: Publication ID, year of

study execution, country of origin, study design, methods, study set-

ting and population involved, information on basic characteristics of

participants (eg, age, sex, ethnicity), number of participants, number of

positive outcome(s), and funding source. Data on skin toxicity were

sought for the outcome of skin sensitization/contact allergy in

humans (eg, numbers tested, numbers positive, test methods).

2.7 | Study risk of bias assessment, reporting bias
assessment, and certainty assessment

Suitable criteria for assessing ROB and quality of evidence were

applied. Two reviewers independently appraised studies meeting the

inclusion criteria after full-text scrutiny without being blinded to the

studies. Detailed criteria for the evaluation of quality and ROB were

chosen according to Anon, Pluye et al., and Sterne et al.17-19

2.8 | Effect measures

The risk ratio regarding skin sensitization/contact allergy for hairdressers

and beauticians who perform nail treatments and eyelash extension as

well as hair extension applications versus comparators/controls, that is,

people not working as hairdressers or beauticians, is provided by divid-

ing contact allergy prevalence rates observed in hairdressers and beauti-

cians by those observed in different comparator groups.

2.9 | Synthesis methods

A substantial heterogeneity in both methodologies (even in the sub-

categories of ‘experimental’ and ‘clinical’ research) and outcomes was

to be expected. Instead of a meta-analysis, we primarily conducted a

narrative synthesis following guidance from the CRD.15 Summary

tables present the main characteristics of the included studies, their

findings, and their quality rating. Notwithstanding, for a subset of eli-

gible studies, namely, those clinical patch test studies stratifying for

hairdressers and beauticians who perform nail treatments and eyelash

extension as well as hair extension applications versus other

“comparator” patients, a quantitative summary was feasible, in view

of sufficiently uniform methodology and outcome definition. Here,

graphical summaries as Forest plots with an assessment of heteroge-

neity (I2) are presented.

3 | RESULTS

3.1 | Study selection and study characteristics

A flow diagram of the study selection is presented in Figure 2. The ini-

tial search yielded 579 study records. Following the removal of biblio-

graphic duplicates, 163 records were left to be screened on the full-

test level. Another eight references were found by manually searching

references (ie, backward and forward snowballing). A number of stud-

ies appeared to meet the inclusion criteria at first,21-37 but they had to

be omitted because they focused on a population that was inappropri-

ate for this review. Case reports38-41 and case series42-47 were not

included in the actual review, but compiled and extracted as supple-

mental information in case they were relevant in terms of including

hairdressers and beauticians. We arrived at a final number of six

papers after excluding publications that were extraneous to this

review.

Characteristics of the included studies were recorded using a PRF

(Table S1). All included studies (n = 6) were multicentric, retrospective

patch test studies.48-53 Regarding the patch testing context, special

series were tested in four studies,49-51,53 consecutive patients were

tested in one study,52 and an epidemiological sample was tested in

one study.48 The tested population comprised all patch tested

patients (n = 5)48-51,53 or patients patch tested for occupational con-

tact dermatitis only (n = 1).52

All of the six included studies reported on patch testing results

for HEMA in hairdressers and beauticians who perform nail treat-

ments and eyelash extension as well as hair extension applica-

tions.48-53 Four of these studies also provided a comparator/control,

that is, patch test results with other occupations or without occupa-

tional context.49-51,53 Because of their oftentimes comparable expo-

sure to cosmetic glues while performing diverse work tasks (nail

treatments/nail art, make-up services including the application of arti-

ficial eyelashes, etc.), occupational groups related to hairdressers

within the cosmetic sector (manicurists, beauticians, aestheticians, nail

designers, etc.) were considered relevant for this systematic review.

The included studies were conducted in the European Union

(n = 4), namely, in Germany (n = 1),49 Portugal (n = 1),51 Spain (n =

1),53 and Sweden (n = 1),50 Australia (n = 1),52 and the United States

(n = 1).48 All studies report on a high share of female participants

(>50% for all studies).48-53

All of the six studies included gave information on HEMA, but

none offered information on ECA regarding the inclusion criteria/

target population of hairdressers and beauticians who perform nail

treatments and eyelash extension as well as hair extension applica-

tions. Wetter et al. reported on patch test data from the Mayo Clinic,

Rochester, Minnesota and Scottsdale, Arizona (2000-2007)
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concerning allergens in personal care products, whereby 1.1% of

871 patients tested with ECA gave a positive test result.54 Warshaw

et al. looked at patch test results of the North American Contact Der-

matitis Group (2011-2012) and found that of 4230 people tested for

ECA, 0.3% had a positive result.55 Warshaw et al. further conducted

an analysis of patch test data from the North American Contact Der-

matitis Group (2001-2016) regarding contact dermatitis associated

with nail care products and reported that 6.9% of 175 people tested

with ECA showed a positive result.21 Results regarding patch testing

of ECA in hairdressers and beauticians are lacking.

3.2 | Risk of bias in studies, reporting biases, and
certainty of evidence

Quality and ROB assessment (appropriate design, sampling, and sam-

ple; justification of methodology; justification/presentation of results)

for the six studies included in this systematic review are presented in

Table S2. All of the studies (n = 6) received high scores regarding

appropriate design, sampling, and sample description; justification of

methodology; and justification/presentation of results. As a result, we

found the ROB to be low in all of the reports.

3.3 | Results of individual studies

Gatica-Ortega et al. analysed the files of patients diagnosed with allergic

contact dermatitis caused by (meth)acrylates in long-lasting nail polish

between January 2013 and June 2016 at four dermatological depart-

ments in Spain.53 As much as 39 of 40 (97.50%) hairdressers and beauti-

cians who perform nail treatments and eyelash extension as well as hair

extension applications tested positive for HEMA, whereas of 2313 other

people tested, only 4 (0.17%) had a positive patch test result.53

Ramos et al. examined data from January 2006 to April 2013 of

the Dermatology Department, Centro Hospitalar e Universitário de

Coimbra, Coimbra, Portugal, with the aim to evaluate and correlate

epidemiological and clinical parameters and positive patch test results

against (meth)acrylates.51 As much as 20 of 35 (57.15%) tested hair-

dressers and beauticians who perform nail treatments and eyelash

extension as well as hair extension applications had positive HEMA

patch test results; 10 of 87 (11.50%) other people tested had a posi-

tive HEMA patch test result.51

Over a ten-year period, Teik-Jin Goon et al. looked into patients

tested with the acrylate and nail acrylics series at the Department of

Occupational and Environmental Dermatology, Malmö University

Hospital, Malmö, Sweden, to see if screening allergens could be

F IGURE 2 Preferred
Reporting Items for Systematic
review and Meta-Analysis
(PRISMA) 2020 flow diagram of
literature search according to
Page et al.20
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discovered.50 Of 13 included hairdressers and beauticians who per-

form nail treatments and eyelash extension as well as hair extension

applications, 8 (61.54%) were tested positive for HEMA, whereas of

24 others tested, only 1 (4.16%) showed a positive test result.50

Uter and Geier performed an analysis of patch test results with

(meth)acrylates using patch test data of the Information Network of

Departments of Dermatology from 2004 to 2013 to analyse the fre-

quency of allergic contact dermatitis caused by (meth)acrylates used

in artificial nails, comparing nail artists and consumers.49 As much as

27 of 87 hairdressers and beauticians who perform nail treatments

and eyelash extension as well as hair extension applications (31.03%)

and 47 of 72 157 others (0.07%) tested provided positive patch test

results for HEMA.49

In the studies of Lyons et al.52 and Warshaw et al.48 a compara-

tor/control was not available. Lyons et al. assessed patch testing

results of hairdressers and beauticians who perform nail treatments

and eyelash extension as well as hair extension applications and

trainees attending the Department of Occupational Dermatology

Research and Education Centre, Carlton, Australia, from January

1993 to December 2010.52 Of 164 hairdressers and beauticians who

perform nail treatments and eyelash extension as well as hair exten-

sion applications, 8 (4.88%) showed positive patch test results for

HEMA.52 Warshaw et al. conducted an analysis on patch test data

from the North American Contact Dermatitis Group generated

between 1994 and 2010 and found that of 57 hairdressers and

beauticians who perform nail treatments and eyelash extension as

well as hair extension applications 15 (26.32%) tested positive

for HEMA.

Case reports on sensitization against HEMA are summarized in

Table S3. In 2008, Andersen et al. reported on a 35-year-old female

manicurist with 14 working years in Denmark with positive patch test

results against HEMA.41 Kiec-Swierczynska et al. presented a case of

a 32-year-old female manicurist with 3 working months in 2013 in

Poland who was tested positive for HEMA as well as 2-hydroxypropyl

methacrylate (HPMA).40 In 2019, Nakagawa et al. reported on a case

of a 41-year-old female manicurist with 2 working years in Japan in

2019 showing a positive patch test result against HEMA and ethylene

glycol dimethacrylate (EGDMA).39 In Finland, Pesonen et al. presented

a case on a 34-year-old female cosmetician with over 8 working years

who had a positive patch test reaction against HEMA.38

A summary of case series on sensitization against HEMA is dis-

played in Table S4. DeKoven et al. presented a case series in which six

female nail technicians from Canada with an age ranging from 38 to

58 years tested positive for HEMA from 2015 to 2016.47 Le et al.

reported on two female beauticians (23 and 25 years of age) and one

female beauty therapist (20 years of age) in Australia showing positive

patch test results for HEMA, methyl methacrylate (MMA), and

EGDMA.46 Maio et al. described the cases of two female nail beauti-

cians from Portugal in 2011 with ages of 35 and 50 years who pres-

ented positive patch test results for HEMA and HPMA.45 Minamoto

on one female manicurist (35 years old) in Japan showing positive

patch test results for HEMA and EGDMA.44 Patruno et al. found posi-

tive patch test results against HEMA, EGDMA, and triethylene glycol

dimethacrylate in 13 female beauticians in Italy.43 Vázquez-Osorio

et al. reported on two female manicurists aged 27 and 52 years in

Spain showing positive patch test results for HEMA, EGDMA, and

hydroxyethyl acrylate (HEA).42

There were no reports of active sensitization (ie, the patient being

newly sensitized due to the patch test procedure) in the studies

reviewed.

3.4 | Results of syntheses

Figure 3 presents a forest plot depicting the risk of contact allergy to

HEMA of hairdressers and beauticians who perform nail treatments

and eyelash extension as well as hair extension applications versus

comparators/controls. In this meta-analysis, two studies were included

0.25 1 4 16

Risk Ratio (log scale)

Uter/Geier 2015

Ramos et al. 2014

43

17

104

5

266

13

9676

87

10.93 [8.28, 14.44]

 5.94 [3.41, 10.36]

 8.47 [4.70, 15.27]

Author(s) and Year Risk Ratio [95% CI]

pos. neg. pos. neg.

Beautician Control

RE Model (Q = 3.70, df = 1, p = 0.05; I2 = 73.0%)

F IGURE 3 Forest plot regarding the risk ratio of hairdressers and beauticians who perform nail treatments and eyelash extension as well as
hair extension applications versus others/nonhairdressers and nonbeauticians for 2-hydroxyethyl methacrylate (HEMA). The controls comprise
other patch test patients patch tested with a special acrylate series, including consumers as well as occupationally exposed individuals in Ramos
et al.51 and Uter and Geier49
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which provided data about hairdressers and beauticians who perform

nail treatments and eyelash extension as well as hair extension applica-

tions as well as comparators/controls.49,51 The studies of Ramos

et al.51 and Uter and Geier49 presented narrow confidence intervals

indicating high precision. The pooled risk ratio was 8.47 (95% confi-

dence interval 4.70-15.27). Thus, hairdressers and beauticians seem to

have a ninefold increased risk of developing contact allergy to HEMA

compared with controls who are not hairdressers or beauticians.

4 | DISCUSSION

In this unprecedented systematic review, aiming to compile and

appraise evidence regarding skin toxicity of HEMA and ECA contained

in cosmetic glues, it was found that hairdressers and beauticians who

perform nail treatments and eyelash extension as well as hair exten-

sion applications are subjected to a substantially higher risk of devel-

oping contact allergy against HEMA—representing a marker allergen

within the group of (meth)acrylates—compared with other people not

working as hairdressers or beauticians. All included studies provided

clear evidence that occupational skin contact with cosmetic glues in

the beauty sector might lead to elicitation of contact dermatitis; it fur-

ther cannot be ruled out that a proportion of hairdressers and beauti-

cians might even be sensitized within their occupational surroundings.

This is especially true for hairdressers and beauticians who do not

appropriately protect their hands by using gloves; however, even

wearing gloves would not eliminate the substantial risk of

sensitization because of the short break-through durations

(<10 minutes)13,14 of acrylates for typical gloves used in the cosmetics

sector.

It was deduced that occupational groups related to hairdressers

within the cosmetic sector (manicurists, beauticians, aestheticians, nail

designers, etc.) have a comparable exposure as hairdressers, because

exposure to cosmetic glues while performing diverse work tasks (nail

treatments/nail art, make-up services including the application of arti-

ficial eyelashes, etc.) is similar. An overview of selected European

countries in which nail treatments and make-up services are part of

the training as hairdresser shows that nail treatments are structurally

integrated into the training as a hairdresser in Austria, Germany,

Spain, and Switzerland; for make-up services this is the case in

Austria, Denmark, and Germany (Table 2). This shows that a consider-

able proportion of hairdressers have a similar exposure to cosmetic

glues used for conducting nail treatments and make-up services as in

other occupations (eg, cosmeticians, make-up artists) and that the

aforementioned consideration seems to be valid.

Even though published results specifically on hairdressers and

beauticians who perform nail treatments and eyelash extension as

well as hair extension applications are very limited regarding sensitiza-

tion to HEMA and non-existent in case of ECA, an overall substantial

risk is to be expected from present data that cannot yet be fully quan-

tified. The numerous case reports38-41 and case series27,42-47 on con-

tact allergy against acrylates in those occupationally exposed in the

beauty industry support this notion. Further, others acrylates such as

MMA, EGDMA, triethylene glycol dimethacrylate (TREGDMA),

TABLE 2 Overview of selected European countries in which nail treatments and make-up services are part of the training as hairdresser

Nail treatmentsa Make-up servicesb

Country Included? Structural integration within the training Included? Structural integration within the training

Austria Yes Framework curriculum for the apprenticeship as

hairdresser—specialized classes/specialist

knowledge and specialized internship

Yes Framework curriculum for the apprenticeship as

hairdresser—specialized internship

Croatia No n/a No n/a

Denmark No n/a Yes Framework curriculum for the apprenticeship as

hairdresser—make-up course

France No n/a No n/a

Germany Yes Framework curriculum for the apprenticeship as

hairdresser—Learning area 10: hand care and

nail design

Yes Framework curriculum for the apprenticeship as

hairdresser—Learning area 11: using decorative

cosmetics

Netherlands No n/a No n/a

Portugal No n/a No n/a

Spain Yes Framework curriculum for the apprenticeship as

hairdresser—professional module 10 (includes

manicure and pedicure)

No n/a

Switzerland Yes Framework curriculum for the apprenticeship as

hairdresser—elective manicure

No n/a

United Kingdom No n/a No n/a

Abbreviation: n/a, not applicable.
aManicures, artificial nails/nail design, etc.
bDay make-up, evening make-up, bridal make-up etc.
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TABLE 3 Random sample of eyelash glues for temporary and permanent application of eyelash extensions sold within the European Union in
local drugstores and/or perfumeries or in online shops along with their ingredients according to the International Nomenclature of Cosmetic
Ingredients

Product name Manufacturer Ingredientsa

Eyelash glues for temporary application (around 24 hours) of eyelash extensions

ARTDECO Eyelash Adhesive ARTDECO cosmetic GmbH,

Karlsfeld, Germany

Acrylates/ethylhexyl acrylate co-polymer, aqua (water), alcohol,

propylene glycol, sodium benzoate

Adhesive Naomi Jon Tool Set Melody Lashes GmbH, Hamburg,

Germany

Acrylate co-polymer, aqua, hydroxypropylcellulose, CI 77491, fragrance

Catrice Lash Glue 010 cosnova GmbH, Sulzbach am

Taunus, Germany

Acrylates/ethylhexyl acrylate co-polymer, aqua (water),

phenoxyethanol

DUO Quick Set Adhesive Clear Bacodi GmbH, Wiesbaden, Germany Acrylates/ethylhexyl acrylate co-polymer, alcohol denat, amp-acrylates

co-polymer, phenoxyethanol, ethylhexylglycerin

DUO Quick Set Adhesive Dark Bacodi GmbH, Wiesbaden, Germany Acrylates/ethylhexyl acrylate co-polymer, alcohol denat, amp-acrylates

co-polymer, phenoxyethanol, ethylhexylglycerin, citric acid, sorbitol,

sodium carbonate, ceteareth-25, carbon black (CI 77266)

DUO Eyelash Adhesive Line It

Lash It

Bacodi GmbH, Wiesbaden, Germany Water (aqua, Eau), ammonium acrylates co-polymer, glycerine, styrene/

acrylates/ammonium methacrylate co-polymer, 1,2-hexanediol,

pentylene glycol, potassium sorbate, xanthan gum, butylene glycol,

caprylyl glycol, c11-15 pareth-7, sodium laureth-12 sulfate,

tetrasodium EDTA, sodium lauryl sulfate, disodium laureth

sulfosuccinate, phenoxyethanol, iron oxides (CI 77499)

Duo 2-in-1 Brush on Adhesive Ardell International, Inc., California,

USA

Acrylates/ethylhexyl acrylate, co-polymer, water (Eau, aqua), retinol,

ascorbic acid, tocopherol, ceteareth-25, propylene glycol, PEG 60

hydrogenated castor oil, glycerine, phenoxyethanol, iron oxides (CI

77499)

Essence Cosmetics Peel Off

Lash Glue

cosnova GmbH, Sulzbach am

Taunus, Germany

Rubber latex, aqua (water), sodium dodecylbenzenesulfonate, cellulose

gum, dimethicone, ethylhexylglycerin, phenoxyethanol, sodium

benzoate

Eylure 18H Lash Glue Latex

Free Clear

Original Additions Beauty Products

Ltd, Hayes, UK

Acrylates/ethylhexyl acrylate co-polymer, aqua/water, propylene

glycol, Bambusa vulgaris (bamboo) extract, Camellia sinensis (tea) leaf

extract, phenoxyethanol, ethylhexylglycerin, butylene glycol

Eylure 18H Lash Glue Latex

Free Acrylic Black

Original Additions Beauty Products

Ltd, Hayes, UK

Acrylates/ethylhexyl acrylate co-polymer, aqua/water, propylene

glycol, Bambusa vulgaris (bamboo) extract, Camellia sinensis (tea) leaf

extract, citric acid, sorbitol, ceteareth-25, sodium carbonate,

phenoxyethanol, ethylhexylglycerin, butylene glycol, carbon black

Fesh! Eyelash Adhesive KTN Dr. Neuberger GmbH,

Wiesbaden, Germany

Acrylates/ethylhexyl acrylate co-polymer, aqua, propylene glycol,

phenoxyethanol, ethylhexylglycerin

Hollybee Cosmetics Lash Glue Kafa Safari GmbH, Berlin, Germany Water, cellulose gum, sodium dodedecylbenzensulfonate, rubber latex,

parfum, formalin solution, ammonium hydroxide

Huda Beauty Lash Glue HB USA Holdings, Inc., California,

USA

Rubber latex, sodium dodecylbenzenesultonate, cellulose gum,

methylparaben, carbon black/CI 77266

Kiss Everlasting Strip Eyelash

Adhesive - Clear

Kiss Products Inc., Washington, USA Acrylates/ethylhexyl acrylate co-polymer, water (aqua), propylene

glycol, butylene glycol, Aloe barbadensis leaf extract, phenoxyethanol,

triethanolamine, carbomer, ethylhexylglycerin, fragrance (parfum),

citral, citronellol, limonene, geraniol, hexyl cinnamal, linalool

Kiss Lash Glue Liner Black Kiss Products Inc., Washington, USA Water (aqua), acrylates/ethylhexyl, acrylate co-polymer, acrylate co-

polymer, alcohol, 1,2-hexanediol, PEG 40, hydrogenated castor oil,

sodium dehydroacetate

Kiss Lash Glue Liner Clear Kiss Products Inc., Washington, USA Water (aqua), acrylates/ethylhexyl, acrylate co-polymer, acrylate co-

polymer, alcohol, 1,2-hexanediol, PEG 40, hydrogenated castor oil,

sodium dehydroacetate

Melody Lashes Glued Adhesive Melody Lashes GmbH, Hamburg,

Germany

Rubber latex, acrylates co-polymer, aqua, cellulose gum, Ricinus

communis (castor) seed oil, chamomilla recutita (Matricaria) flower oil

Eyelash glues for permanent application (>1 week) of eyelash extensions

Ardell Lashtite Adhesive Clear Ardell International, Inc., California,

USA

Propylene glycol methyl ether acetate, nitrocellulose, SD Alcohol 40B,

iron oxide

ARTDECO Adhesive for

Permanent Lashes

ARTDECO cosmetic GmbH,

Karlsfeld, Germany

Methoxyisopropyl acetate, alcohol denat., nitrocellulose

(Continues)
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HPMA, and HEA were reported to be the source of allergic contact

dermatitis in people working in the beauty industry.39,40,42-46 This

highlights the prevailing problem of cross-reactions, that is, sensitiza-

tion induced by one acrylic compound extending to one or more other

acrylics.37,56 As a result, many people sensitized to acrylics are multi-

ply sensitized and, as a consequence, need to strictly avoid exposure

to many other acrylics,56 with the notable exception of cyano- versus

other acrylates/methacrylates which seem to not cross-react,57

although past studies provided conflicting clinical results.58,59

In view of a lack of hairdresser-specific results on ECA, we exam-

ined a random sample of eyelash glues for temporary and permanent

application of eyelash extensions, nail glues, and hair extension glues

regarding their ingredients. Eyelash glues for temporary application of

eyelash extensions mostly comprised ethylhexyl acrylate co-polymer

and ammonium acrylates co-polymer (Table 3); in eyelash glues for

permanent application of eyelash extensions, mostly ECA was found

(Table 3). All of the nail glues within our random sample contained

ECA (Table 4). Cases of ECA contact allergy in the context of false

eyelashes reported by Shanmugam and Wilkinson as well as Sato

et al. illustrate that cosmetic use of ECA might entail some risk of sen-

sitization and a risk of elicitation in sensitized individuals.60,61 Hair

extension glues, such as eyelash glues for temporary application, have

TABLE 3 (Continued)

Product name Manufacturer Ingredientsa

DUO Individual Lash Adhesive

Clear

Ardell International, Inc., California,

USA

Water, rubber latex, cellulose gum, sodium dodecylbenzenesulfonate,

ammonium hydroxide, fragrance, coumarin, geraniol, limonene,

linalool, formaldehyde

Jolifin Lashes Eyelash Glue

1-2 sec, High Viscosity

Jolifin LJV GmbH, Babenhausen,

Germany

Ethyl-2-cyanoacrylate, polyurethane, BHA, diisononyl adipate, sorbic

acid, carbon black

Lankiz Lash Extension Glue Hymax Company Ltd., London, UK Cyanoacrylate, poly(methyl methacrylate), carbon black

Lavertu Glue 0.5-1 secb Fresa Cosmetics B.V., Vught, the

Netherlands

Ethyl cyanoacetate, cyanoacrylate, poly(methyl methacrylate), carbon

black, poly isocyanate water, cyanoacrylate poly(methyl

methacrylate)

Lavertu Glue 1-2 secc Fresa Cosmetics B.V., Vught, the

Netherlands

Ethyl cyanoacetate, cyanoacrylate, poly(methyl methacrylate), carbon

black, poly isocyanate water, cyanoacrylate poly(methyl

methacrylate)

Maxi Soft Glue Eyemee the Beauty Co., Ltd., Seoul,

Korea (south)

2-Ethoxyethyl-2-cyanoacrylate, poly(methyl methacrylate), CI 77866

Abbreviations: BHA, butylated hydroxyanisole; EDTA, ethylenediaminetetraacetic acid; PEG, polyethylene glycol.
aAccording to the International Nomenclature of Cosmetic Ingredients, as listed by the manufacturer.
bAdvertised longevity of 7 to 8 weeks.
cAdvertised longevity of 8 to 9 weeks.

TABLE 4 Random sample of nail glues sold within the European Union in local drugstores and/or perfumeries or in online shops along with
their ingredients according to the International Nomenclature of Cosmetic Ingredients

Product name Manufacturer Ingredientsa

Ardell Nail Addict Professional

Nail Glue

Ardell International, Inc., California,

USA

Ethyl cyanoacrylate, poly(methyl methacrylate), BHA, red 7 (cl 15 850)

ARTDECO Nail Glue ARTDECO cosmetic GmbH,

Karlsfeld, Germany

Ethyl cyanoacrylate, poly(methyl methacrylate)

Essence Cosmetics Fix It! Nail

Glue Violet

cosnova GmbH, Sulzbach am

Taunus, Germany

Ethyl cyanoacrylate, poly(methyl methacrylate), aqua (water), alcohol

Elegant Touch Brush on Nail Glue PDC brands, Hayes, UK Ethyl cyanoacrylate, poly(methyl methacrylate), BHT

Elegant Touch Quick Dry Nail

Glue

PDC brands, Hayes, UK Ethyl cyanoacrylate, poly(methyl methacrylate), BHT, BHA

Kiss Maximum Speed Nail Glue OBELIS S.A., Brussels, Belgium Ethyl cyanoacrylate, poly(methyl methacrylate), BHA

Kiss Brush-on Nail Glue OBELIS S.A., Brussels, Belgium Ethyl cyanoacrylate, poly(methyl methacrylate), BHA, tetrahydrofuran,

sulfur dioxide

Kiss Precision Nail Glue Kiss Products Inc., Washington, USA Ethyl cyanoacrylate, poly(methyl methacrylate), BHA, undecylenic acid

Kiss Maximum Speed Nail Glue

Pink

Kiss Products Inc., Washington, USA Ethyl cyanoacrylate, poly(methyl methacrylate), BHA, tetrahydrofuran,

red 7 lake (CI 15850:1)

Abbreviations: BHA, butylated hydroxyanisole; BHT, butylated hydroxytoluene.
aAccording to the International Nomenclature of Cosmetic Ingredients, as listed by the manufacturer.
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also been shown to contain acrylates (Table 5). Although acrylate (co-)

polymers are generally considered safe in terms of sensitization risk,

residual monomers might pose a—yet unfathomed—risk at least for

those already sensitized to the respective monomer from other

sources. The sparse data situation on sensitization to specific acrylates

in hairdressers and beauticians however points to an existing research

gap which should be examined in further studies. Regarding inclusion

of ECA in a hair cosmetic patch test series, only anecdotal evidence is

yet available concerning actual sensitization and allergic contact der-

matitis due to cosmetic products containing ECA. Hence, despite the

considerable exposure, we would at present not recommend to add

ECA to a hair cosmetic series, but suggest aimed testing in case of a—

usually very clear—history.

Current articles by Romita et al. and Sterkens et al. report on the

increasing use of (meth)acrylates in gel nail polishes—such as daylight

curing ‘hybrid’ gel nail polish—and their role as sensitizers.62,63 This

again stresses how (occupational) exposure is always shifting due to

changing product compositions especially at work, posing a significant

obstacle for completing a health risk assessment in the beauty indus-

try. At this point it should be mentioned that in terms of exposure

hairdressers and beauticians might be burdened twofold—as profes-

sionals and as consumers themselves. It further might be assumed

that a proportion of hairdressers and beauticians are presumably not

aware of the health risk that cosmetic glues can pose. A case report

by Isaksson et al. stresses the importance of preventing sensitization

against acrylates as—in this presented case—allergic contact dermatitis

elicited by ECA used while applying artificial nails led to months of

sick leave.64 Moreover, the reported risk of severe burns by nail glues

should be mentioned which can happen when cyanoacrylate-

containing glues get on textiles/clothes in contact with skin.65-67

By dint of the results of the present systematic review it seems

appropriate that prevention strategies are developed for raising aware-

ness in hairdressers and beauticians about the risk that handling cos-

metic glues—especially without adequate protection—might entail.

Such topical information (in any medial format) could be prepared

under health pedagogical considerations and might be then presented

within the framework of health education programs. This might also

apply to other occupational fields for which relevant acrylate exposure

has been evidenced in previous studies, such as dental personnel.68-73

The German Social Accident Insurance (DGUV) has recognized the

problem for dental personnel and initially launched information bro-

chures about acrylate allergy and its prevention. These existing infor-

mational materials might serve as a point of entry for developing

potential awareness campaigns and future training measures tailored to

the needs of workers in occupational groups exposed to acrylates.74

The present systematic review clearly shows that it is not appro-

priate to assess the risk of hairdressers and beauticians who handle

cosmetic glues within their occupational surroundings regarding con-

tact allergy to acrylates the same way as the risk of other people not

working as hairdressers and beauticians such as consumers or clients.

It was confirmed that the occupational risks associated with the use

of cosmetic products are not sufficiently recognized by the regula-

tions in force. The current SCCS opinion on the use of HEMA for nail

cosmetics (SCCS/1592/17) seems not to be satisfactory for

protecting hairdressers and beauticians who perform nail treatments

and eyelash extension as well as hair extension applications.75 The

results of this paper point in favour of the notion that presumably an

increase of the prevalence of sensitization against acrylates—such as

HEMA—and consequently of contact dermatitis from cosmetic prod-

ucts containing acrylates might be expected in the future.75 The

proven higher risk of hairdressers and beauticians regarding develop-

ment of contact allergy against acrylates should lead to reconsidering

current risk assessment. Only this way it will be possible to efficiently

contribute to prevention of OSD in terms of HE in hairdressers and

beauticians—according to the minimum standards set out in the posi-

tion paper of the COST Action StanDerm (TD 1206)76—to obviate

personal suffering due to illness as well as high costs for the social

insurance system and consequently the general population.
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TABLE 5 Random sample of hair (extension) glues sold within the
European Union in local drugstores and/or perfumeries or in online
shops along with their ingredients according to the International
Nomenclature of Cosmetic Ingredients

Product name Manufacturer Ingredientsa

Fidentia Bond

Glue

Fidentia

professional

line, Weil der

Stadt, Germany

Xanthan gum, glycerine,

water, acrylate co-polymer,

nonphenol ethoxylate,

colour white

Fidentia Bond

Glue Pen

Fidentia

professional

line, Weil der

Stadt, Germany

Xanthan gum, glycerine,

water, acrylate co-polymer,

nonphenol ethoxylate,

colour white

Walker 1.4

OZ Great

White

Adhesive

Walker Tape Co.,

West Jordan,

USA

Purified water, hydrophilic

acrylic co-polymer resins

Liquid Gold

Extra

Strong

Rapunzel of

Sweden AB,

Umeå, Sweden

p-Chlorobenzonzotmflouride,

ethyl alcohol, methyl

acetate, petroleum

hydrocarbon resin, rosin

ester, styrene-isoprene

block co-polymer

aAccording to the International Nomenclature of Cosmetic Ingredients, as

listed by the manufacturer.

SYMANZIK ET AL. 489



AUTHOR CONTRIBUTIONS

Cara Symanzik: Conceptualization (equal); data curation (lead); formal

analysis (lead); investigation (lead); methodology (equal); project admin-

istration (lead); visualization (lead); writing – original draft (lead); writ-

ing – review and editing (equal). Patricia Weinert: Conceptualization

(equal); data curation (lead); investigation (equal); methodology (equal);

project administration (lead); writing – review and editing (lead). Željka

Babi�c: Conceptualization (equal); methodology (equal); writing – review

and editing (supporting). Sarah Hallmann: Conceptualization (equal);

methodology (equal); writing – review and editing (supporting). Martin

S. Havmose: Conceptualization (equal); methodology (equal); writing –

review and editing (supporting). Jeanne D. Johansen: Conceptualization

(equal); methodology (equal); writing – review and editing (supporting).

Sanja Kezic: Conceptualization (equal); methodology (equal); writing –

review and editing (supporting). Marija Macan: Conceptualization

(equal); methodology (equal); writing – review and editing (supporting).

Jelena Macan: Conceptualization (equal); methodology (equal); writing

– review and editing (supporting). Julia Strahwald: Conceptualization

(equal); methodology (equal); writing – review and editing (supporting).

Rajka Turk: Conceptualization (equal); methodology (equal); writing –

review and editing (supporting). Henk F. van der Molen: Conceptualiza-

tion (equal); methodology (equal); writing – review and editing

(supporting). Swen M. John: Conceptualization (lead); formal analysis

(equal); funding acquisition (lead); methodology (lead); project adminis-

tration (lead); resources (lead); supervision (equal); writing – review and

editing (lead). Wolfgang Uter: Conceptualization (lead); formal analysis

(lead); funding acquisition (equal); methodology (lead); project adminis-

tration (equal); supervision (lead); validation (lead); visualization (equal);

writing – review and editing (lead).

DATA AVAILABILITY STATEMENT OF DATA, CODE, AND

OTHER MATERIALS

Data, code, and other materials other than included in the PROSPERO

registration77 and the previously published protocol12 are available

from the corresponding author upon reasonable request.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable to this article as no new data were cre-

ated or analyzed in this study.

ORCID

Cara Symanzik https://orcid.org/0000-0002-4090-6726

Željka Babi�c https://orcid.org/0000-0002-5335-9522

Martin S. Havmose https://orcid.org/0000-0003-2147-016X

Jeanne D. Johansen https://orcid.org/0000-0002-3537-8463

Sanja Kezic https://orcid.org/0000-0002-1063-4547

Marija Macan https://orcid.org/0000-0001-8415-7571

Jelena Macan https://orcid.org/0000-0001-6269-5475

Rajka Turk https://orcid.org/0000-0002-5876-8923

Henk F. van der Molen https://orcid.org/0000-0002-0719-2020

Swen M. John https://orcid.org/0000-0001-5406-9458

Wolfgang Uter https://orcid.org/0000-0002-4498-3710

REFERENCES

1. Dickel H, Kuss O, Blesius CR, Schmidt A, Diepgen TL. Occupational

skin diseases in Northern Bavaria between 1990 and 1999: a

population-based study. Br J Dermatol. 2001;145(3):453-462.

2. Babi�c Ž, Samardži�c T, Macan J. Comparison of beautician and hair-

dressing apprentices with regard to skin health and skin barrier func-

tion. Arh Hig Rada Toksikol. 2020;71(3):190-196.

3. Antonov D, Schliemann S, Elsner P. Hand dermatitis: a review of clini-

cal features, prevention and treatment. Am J Clin Dermatol. 2015;

16(4):257-270.

4. Kie�c-Swierczy�nska M, Chomiczewska D, Krecisz B. Wet work. Med Pr.

2010;61(1):65-77.

5. Carøe TK, Ebbehøj NE, Agner T. Occupational dermatitis in

hairdressers - influence of individual and environmental factors. Con-

tact Dermatitis. 2017;76(3):146-150.

6. Pesonen M, Jolanki R, Larese Filon F, et al. Patch test results of the

European baseline series among patients with occupational contact

dermatitis across Europe - analyses of the European surveillance sys-

tem on contact allergy network, 2002-2010. Contact Dermatitis.

2015;72(3):154-163.

7. Regulation (EC) No 1223/2009 of the European Parliament and of

the Council of November 30, 2009 on cosmetic products (recast).

http://data.europa.eu/eli/reg/2009/1223/2019-08-13. Accessed

June 22, 2021.

8. SCCS (Scientific Committee on Consumer Safety), 2018. SCCS Notes

of Guidance for the Testing of Cosmetic Ingredients and Their

Safety Evaluation 10th Revision. October 2018. SCCS/1602/18.

pp. 24–25. https://ec.europa.eu/health/sites/health/files/scientific_

committees/consumer_safety/docs/sccs_o_224.pdf. Accessed June

22, 2021.

9. Carøe TK, Ebbehøj NE, Bonde JP, Agner T. Occupational hand eczema

and/or contact urticaria: factors associated with change of profession

or not remaining in the workforce. Contact Dermatitis. 2018;78(1):

55-63.

10. Diepgen TL, Scheidt R, Weisshaar E, John SM, Hieke K. Cost of illness

from occupational hand eczema in Germany. Contact Dermatitis.

2013;69(2):99-106.

11. Politiek K, Oosterhaven JA, Vermeulen KM, Schuttelaar ML. System-

atic review of cost-of-illness studies in hand eczema. Contact Derma-

titis. 2016;75(2):67-76.

12. Uter W, Johansen JD, Havmose MS, et al. Protocol for a systematic

review on systemic and skin toxicity of important hazardous hair and

nail cosmetic ingredients in hairdressers. BMJ Open. 2021;11(12):

e050612.

13. Lönnroth EC, Wellendorf H, Ruyter E. Permeability of different types

of medical protective gloves to acrylic monomers. Eur J Oral Sci.

2003;111(5):440-446.

14. Andreasson H, Boman A, Johnsson S, Karlsson S, Barregård L. On per-

meability of methyl methacrylate, 2-hydroxyethyl methacrylate and

triethyleneglycol dimethacrylate through protective gloves in den-

tistry. Eur J Oral Sci. 2003;111(6):529-535.

15. Tacconelli E. Systematic reviews: CRD' guidance for undertaking

reviews in health care. Lancet Infect Dis. 2010;10(4):226.

16. Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for

systematic review and meta-analysis protocols (PRISMA-P) 2015:

elaboration and explanation. BMJ. 2015;349:g7647.

17. Pluye P, Gagnon MP, Griffiths F, Johnson-Lafleur J. A scoring system

for appraising mixed methods research, and concomitantly appraising

qualitative, quantitative and mixed methods primary studies in Mixed

Studies Reviews. Int J Nurs Stud. 2009;46(4):529-546.

18. Anon, A. A Summary of General Assessment Factors for Evaluating

the Quality of Scientific and Technical Information - Prepared for the

U.S. Environmental Protection Agency by members of the Assess-

ment Factors Workgroup, a group of the EPA' Science Policy Council

490 SYMANZIK ET AL.

https://orcid.org/0000-0002-4090-6726
https://orcid.org/0000-0002-4090-6726
https://orcid.org/0000-0002-5335-9522
https://orcid.org/0000-0002-5335-9522
https://orcid.org/0000-0003-2147-016X
https://orcid.org/0000-0003-2147-016X
https://orcid.org/0000-0002-3537-8463
https://orcid.org/0000-0002-3537-8463
https://orcid.org/0000-0002-1063-4547
https://orcid.org/0000-0002-1063-4547
https://orcid.org/0000-0001-8415-7571
https://orcid.org/0000-0001-8415-7571
https://orcid.org/0000-0001-6269-5475
https://orcid.org/0000-0001-6269-5475
https://orcid.org/0000-0002-5876-8923
https://orcid.org/0000-0002-5876-8923
https://orcid.org/0000-0002-0719-2020
https://orcid.org/0000-0002-0719-2020
https://orcid.org/0000-0001-5406-9458
https://orcid.org/0000-0001-5406-9458
https://orcid.org/0000-0002-4498-3710
https://orcid.org/0000-0002-4498-3710
http://data.europa.eu/eli/reg/2009/1223/2019-08-13
https://ec.europa.eu/health/sites/health/files/scientific_committees/consumer_safety/docs/sccs_o_224.pdf
https://ec.europa.eu/health/sites/health/files/scientific_committees/consumer_safety/docs/sccs_o_224.pdf


2003. https://www.epa.gov/sites/production/files/2015-01/documents/

assess2.pdf. Accessed July 14, 2021.

19. Sterne JA, Hernán MA, McAleenan A, Reeves BC, Higgins JP.

Assessing risk of bias in a non-randomized study. Cochrane Handbook

for Systematic Reviews of Interventions; Cochrane; 2019:621-641.

20. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-

ment: an updated guideline for reporting systematic reviews. BMJ.

2021;372:n71.

21. Warshaw EM, Voller LM, Silverberg JI, et al. Contact dermatitis asso-

ciated with nail care products: retrospective analysis of north Ameri-

can Contact Dermatitis Group Data, 2001-2016. Dermatitis. 2020;

31(3):191-201.

22. Stingeni L, Tramontana M, Bianchi L, et al. Contact sensitivity to

2-hydroxyethyl methacrylate in consecutive patients: a 1-year multi-

centre SIDAPA study. Contact Dermatitis. 2019;81(3):216-218.

23. Spencer A, Gazzani P, Thompson DA. Acrylate and methacrylate con-

tact allergy and allergic contact disease: a 13-year review. Contact

Dermatitis. 2016;75(3):157-164.

24. Romita P, Foti C, Masciopinto L, et al. Allergic contact dermatitis to

acrylates. J Biol Regul Homeost Agents. 2017;31(2):529-534.

25. Raposo I, Lobo I, Amaro C, et al. Allergic contact dermatitis caused by

(meth)acrylates in nail cosmetic products in users and

nail technicians - a 5-year study. Contact Dermatitis. 2017;77(6):

356-359.

26. Montgomery R, Stocks SJ, Wilkinson SM. Contact allergy resulting

from the use of acrylate nails is increasing in both users and those

who are occupationally exposed. Contact Dermatitis. 2016;74(2):

120-122.

27. Lazarov A. Sensitization to acrylates is a common adverse reaction to

artificial fingernails. J Eur Acad Dermatol Venereol. 2007;21(2):

169-174.

28. Havmose M, Thyssen JP, Zachariae C, Johansen JD. Contact allergy

to 2-hydroxyethyl methacrylate in Denmark. Contact Dermatitis.

2020;82(4):229-231.

29. Gregoriou S, Tagka A, Velissariou E, et al. The rising incidence of aller-

gic contact dermatitis to acrylates. Dermatitis. 2020;31(2):140-143.

30. Goon AT, Bruze M, Zimerson E, Goh CL, Soo-Quee Koh D,

Isaksson M. Screening for acrylate/methacrylate allergy in the base-

line series: our experience in Sweden and Singapore. Contact Dermati-

tis. 2008;59(5):307-313.

31. Gonçalo M, Pinho A, Agner T, et al. Allergic contact dermatitis caused

by nail acrylates in Europe. An EECDRG study. Contact Derm. 2018;

78(4):254-260.

32. Geukens S, Goossens A. Occupational contact allergy to (meth)acry-

lates. Contact Dermatitis. 2001;44(3):153-159.

33. Drucker AM, Pratt MD. Acrylate contact allergy: patient characteris-

tics and evaluation of screening allergens. Dermatitis. 2011;22(2):

98-101.

34. Constandt L, Hecke EV, Naeyaert JM, Goossens A. Screening for con-

tact allergy to artificial nails. Contact Dermatitis. 2005;52(2):73-77.

35. Christoffers WA, Coenraads P-J, Schuttelaar M-LA. Two decades of

occupational (meth)acrylate patch test results and focus on isobornyl

acrylate. Contact Dermatitis. 2013;69(2):86-92.

36. Aalto-Korte K, Suuronen K. Ten years of contact allergy from acrylic

compounds in an occupational dermatology clinic. Contact Dermatitis.

2021;84(4):240-246.

37. Aalto-Korte K, Henriks-Eckerman ML, Kuuliala O, Jolanki R. Occupa-

tional methacrylate and acrylate allergy–cross-reactions and possible

screening allergens. Contact Dermatitis. 2010;63(6):301-312.

38. Pesonen M, Kuuliala O, Henriks-Eckerman ML, Aalto-Korte K. Occu-

pational allergic contact dermatitis caused by eyelash extension glues.

Contact Dermatitis. 2012;67(5):307-308.

39. Nakagawa M, Hanada M, Amano H. Occupational contact dermatitis

in a manicurist. J Dermatol. 2019;46(11):1039-1041.

40. Kiec-Swierczynska M, Krecisz B, Chomiczewska-Skora D. Occupa-

tional contact dermatitis to acrylates in a manicurist. Occup Med

(Lond). 2013;63(5):380-382.

41. Andersen SL, Rastogi SC, Andersen KE. Occupational allergic contact

dermatitis to hydroxyethyl methacrylate (2-HEMA) in a manicurist.

Contact Dermatitis. 2009;61(1):48-50.

42. Vázquez-Osorio I, Espasandín-Arias M, García-Gavín J, Fernández-

Redondo V. Allergic contact dermatitis due to acrylates in acrylic gel

nails: a report of 3 cases. Actas Dermosifiliogr. 2014;105(4):430-432.

43. Patruno C, Ayala F, Napolitano M, Bianca D, Balato N. Occupational

allergic contact dermatitis to acrylic fingernails in beauticians. Occup

Environ Med. 2012;69(10):772.

44. Minamoto K. Allergic contact dermatitis from two-component acrylic

resin in a manicurist and a dental hygienist. J Occup Health. 2014;

56(3):229-234.

45. Maio P, Carvalho R, Amaro C, Santos R, Cardoso J. Allergic contact

dermatitis from sculptured acrylic nails: special presentation with an

airborne pattern. Dermatol Reports. 2012;4(1):e6.

46. Le Q, Cahill J, Palmer-Le A, Nixon R. The rising trend in allergic con-

tact dermatitis to acrylic nail products. Australas J Dermatol. 2015;

56(3):221-223.

47. DeKoven S, DeKoven J, Holness DL. (Meth)Acrylate occupational

contact dermatitis in nail salon workers: a case series. J Cutan Med

Surg. 2017;21(4):340-344.

48. Warshaw EM, Wang MZ, Mathias CG, et al. Occupational contact

dermatitis in hairdressers/cosmetologists: retrospective analysis of

north american contact dermatitis group data, 1994 to 2010. Dermati-

tis. 2012;23(6):258-268.

49. Uter W, Geier J. Contact allergy to acrylates and methacrylates in

consumers and nail artists - data of the Information Network of

Departments of Dermatology, 2004-2013. Contact Dermatitis. 2015;

72(4):224-228.

50. Teik-Jin Goon A, Bruze M, Zimerson E, Goh CL, Isaksson M. Contact

allergy to acrylates/methacrylates in the acrylate and nail acrylics

series in southern Sweden: simultaneous positive patch test reaction

patterns and possible screening allergens. Contact Dermatitis. 2007;

57(1):21-27.

51. Ramos L, Cabral R, Gonçalo M. Allergic contact dermatitis caused by

acrylates and methacrylates - a 7-year study. Contact Dermatitis.

2014;71(2):102-107.

52. Lyons G, Roberts H, Palmer A, Matheson M, Nixon R. Hairdressers

presenting to an occupational dermatology clinic in Melbourne,

Australia. Contact Dermatitis. 2013;68(5):300-306.

53. Gatica-Ortega ME, Pastor-Nieto MA, Mercader-García P, Silvestre-

Salvador JF. Allergic contact dermatitis caused by (meth)acrylates in

long-lasting nail polish - are we facing a new epidemic in the beauty

industry? Contact Dermatitis. 2017;77(6):360-366.

54. Wetter DA, Yiannias JA, Prakash AV, Davis MD, Farmer SA, El-

Azhary RA. Results of patch testing to personal care product allergens

in a standard series and a supplemental cosmetic series: an analysis of

945 patients from the Mayo Clinic Contact Dermatitis Group,

2000-2007. J Am Acad Dermatol. 2010;63(5):789-798.

55. Warshaw EM, Maibach HI, Taylor JS, et al. North American contact

dermatitis group patch test results: 2011-2012. Dermatitis. 2015;

26(1):49-59.

56. Kanerva L. Cross-reactions of multifunctional methacrylates and acry-

lates. Acta Odontol Scand. 2001;59(5):320-329.

57. Chou M, Dhingra N, Strugar TL. Contact sensitization to allergens in

nail cosmetics. Dermatitis. 2017;28(4):231-240.

58. Kanerva L. Ethyl cyanoacrylate does not cross-react with methacry-

lates and acrylates. Am J Contact Dermat. 1997;8(1):54-55.

59. Storrs FJ, Koppula SV, Fellman JH. Ethyl cyanoacrylate does not

cross-react with methacrylates and acrylates. Am J Contact Dermat.

1997;8(1):55.

SYMANZIK ET AL. 491

https://www.epa.gov/sites/production/files/2015-01/documents/assess2.pdf
https://www.epa.gov/sites/production/files/2015-01/documents/assess2.pdf


60. Sato M, Inomata N, Aihara M. A case of contact dermatitis syndrome

caused by Dermabond®, followed by contact dermatitis caused by

false eyelash glue and Aron alpha® glue: possibility of cross-reactions

among cyanoacrylates. Contact Dermatitis. 2017;77(6):414-415.

61. Shanmugam S, Wilkinson M. Allergic contact dermatitis caused by a

cyanoacrylate-containing false eyelash glue. Contact Dermatitis. 2012;

67(5):309-310.

62. Sterkens A, Dendooven E, Lambert J, Aerts O. Hand dermatitis from

daylight curing “hybrid” gel nail polish. Contact Dermatitis. 2021;

84(6):449-450.

63. Romita P, Foti C, Barlusconi C, Hansel K, Tramontana M, Stingeni L.

Contact allergy to (meth)acrylates in gel nail polish in a child: an

emerging risk for children. Contact Dermatitis. 2020;83(1):39-40.

64. Isaksson M, Siemund I, Bruze M. Allergic contact dermatitis from eth-

ylcyanoacrylate in an office worker with artificial nails led to months

of sick leave. Contact Dermatitis. 2007;57(5):346-347.

65. Rich H, Cubitt JJ. Cyanoacrylate nail glue and the pajama catalyst.

J Burn Care Res. 2020;41(6):1306-1308.

66. Jacques M, Tran S, Bertinetti M, Holland AJA. Too hot to handle?

Full-thickness burn injury in a child caused by cyanoacrylate glue and

cotton-a case report and experimental study. J Burn Care Res. 2021;

42(3):564-568.

67. Clayman E, Billington A, Cruse CW. Full-thickness pediatric burn fol-

lowing reaction between cyanoacrylate nail adhesive and cotton shirt.

J Cutan Aesthet Surg. 2020;13(1):35-37.

68. Lyapina MG, Dencheva M, Krasteva-Panova A, Tzekova-Yaneva M,

Deliverska M, Kisselova-Yaneva A. Concomitant sensitization to glu-

taraldehyde and methacrylic monomers among dentists and their

patients. Med Pr. 2016;67(3):311-320.

69. Heratizadeh A, Werfel T, Schubert S, Geier J. Contact sensitization in

dental technicians with occupational contact dermatitis. Data of the

Information Network of Departments of Dermatology (IVDK)

2001-2015. Contact Dermatitis. 2018;78(4):266-273.

70. Aalto-Korte K, Alanko K, Kuuliala O, Jolanki R. Methacrylate and acry-

late allergy in dental personnel. Contact Dermatitis. 2007;57(5):324-330.

71. Lugovi�c-Mihi�c L, Ferček I, Duvanči�c T, et al. Occupational contact

cermatitis amongst dentists and dental technicians. Acta Clin Croat.

2016;55(2):293-300.

72. Bishop S, Roberts H. Methacrylate perspective in current dental prac-

tice. J Esthet Restor Dent. 2020;32(7):673-680.

73. Chonin A, Stoeva I. Allergic contact dermatitis due to Methacrylates

in a dental technician - a clinical case. Folia Med (Plovdiv). 2020;62(3):

626-630.

74. Lachapelle J-M, Wigger-Alberti W, Boman A, et al. Prevention and

therapy from contact dermatitis (with special reference to occupa-

tional dermatology). In: Frosch PJ, Menné T, Lepoittevin J-P, eds. Con-

tact Dermatitis. Berlin, Heidelberg: Springer Berlin Heidelberg; 2006:

831-867.

75. SCCS (Scientific Committee on Consumer Safety), 2018. SCCS opin-

ion on the safety of cosmetic ingredients HEMA and Di-HEMA

Trimethylhexyl Dicarbamate Submission I (Sensitisation only). June

2018. SCCS/1592/17. https://ec.europa.eu/health/sites/default/

files/scientific_committees/consumer_safety/docs/sccs_o_214.pdf.

Accessed September 20, 2021.

76. Alfonso JH, Bauer A, Bensefa-Colas L, et al. Minimum standards on pre-

vention, diagnosis and treatment of occupational and work-related skin

diseases in Europe – position paper of the COST action StanDerm

(TD 1206). J Eur Acad Dermatol Venereol. 2017;31(S4):31-43.

77. Uter W, Johansen JD, Havmose MS, et al. Protocol for a systematic

review on skin and systemic toxicity of important hazardous substances

in hair cosmetics and hand eczema in hairdressers. PROSPERO 2021

CRD42021238118. https://www.crd.york.ac.uk/prospero/display_

record.php?ID=CRD42021238118. Accessed June 22, 2021.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Symanzik C, Weinert P, Babi�c Ž, et al.

Allergic contact dermatitis caused by 2-hydroxyethyl

methacrylate and ethyl cyanoacrylate contained in cosmetic

glues among hairdressers and beauticians who perform nail

treatments and eyelash extension as well as hair extension

applications: A systematic review. Contact Dermatitis. 2022;

86(6):480-492. doi:10.1111/cod.14056

492 SYMANZIK ET AL.

https://ec.europa.eu/health/sites/default/files/scientific_committees/consumer_safety/docs/sccs_o_214.pdf
https://ec.europa.eu/health/sites/default/files/scientific_committees/consumer_safety/docs/sccs_o_214.pdf
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021238118
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021238118
info:doi/10.1111/cod.14056

	Allergic contact dermatitis caused by 2-hydroxyethyl methacrylate and ethyl cyanoacrylate contained in cosmetic glues among...
	1  INTRODUCTION
	2  METHODS
	2.1  Eligibility criteria
	2.2  Registration and protocol
	2.3  Information sources
	2.4  Search strategy
	2.5  Selection process
	2.6  Data collection process and data items
	2.7  Study risk of bias assessment, reporting bias assessment, and certainty assessment
	2.8  Effect measures
	2.9  Synthesis methods

	3  RESULTS
	3.1  Study selection and study characteristics
	3.2  Risk of bias in studies, reporting biases, and certainty of evidence
	3.3  Results of individual studies
	3.4  Results of syntheses

	4  DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT OF DATA, CODE, AND OTHER MATERIALS
	DATA AVAILABILITY STATEMENT

	REFERENCES


