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PREFACE

Occupational hand eczema is one of the most frequent occupational diseases in Denmark, bringing
with it a high impact on the affected individuals and society. Hairdressers and hairdressing
apprentices are at a particularly high risk, which is why it seems relevant to illuminate preventive
strategies in this group.
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1 SUMMARY

1.1 Summary in English

This PhD thesis deals with prevention of occupational hand eczema among Danish hairdressing
apprentices. Hairdressers and hairdressing apprentices have a high incidence of occupational hand
eczema. This is mainly because they are exposed to many potentially sensitizing products and have
an extensive exposure to wet work due to the nature of their work. Hairdressing apprentices seem to
be at a particularly high risk of developing the disease, probably because they often carry out the
shampooing and hair dying procedures in the salons.

The main aims of this thesis were to contribute to a better characterisation of hairdressing
apprentices and to develop, implement and evaluate an evidence-based educational programme with
focus on reducing the incidence of hand eczema among Danish hairdressing apprentices.

The study was a clinically controlled, prospective intervention study. A cohort was established of
first-year hairdressing apprentices from all 10 Danish vocational schools in the period August
2008—March 2009. In total, 502 apprentices were included at the time they started their education.
All apprentices were examined at three clinical controls: within the first two weeks of their
education, after approximately 8 months and after approximately 18 months. At each visit they were
examined for hand eczema using the HECSI scoring system, and on all three occasions they
completed a questionnaire concerning topics such as previous skin diseases, personal exposures and
skin reactions, working habits, use of gloves and development of hand eczema during their
education. Half the schools (the intervention schools) underwent a specially developed educational
programme, and the teachers were trained in prevention of hand eczema. The remaining schools
were control schools.

The thesis consists of two study parts. Study Part I deals with the characteristics of the cohort and is
based on a questionnaire study comprising 502 new hairdressing apprentices. The same
questionnaire was sent to a reference group of 1870 young people, matched with the hairdressing
apprentices on sex, age and postcode. The characteristics primarily concern skin diseases among the
hairdressing apprentices prior to the start of their education, with focus on atopic dermatitis and
previous hand eczema, and covering, for example, personal exposures to hair dye products and
eventual skin reactions. Study Part II deals with the results of the follow-up study. Self-reported
hand eczema was validated by using the clinical examination as the golden standard. Lastly, there is
an evaluation of a possible effect of the prevention programme in terms of reducing the incidence of
hand eczema in the intervention group compared with the control group.

The results from Study Part I showed that fewer hairdressing apprentices had had hand eczema
compared with the reference group. In addition, fewer apprentices were classified with atopic
dermatitis compared with the reference group. A ‘healthy worker effect’ was found in connection
with this education, when based on eczematous diseases. Study Part I also showed that the
hairdressing apprentices were highly exposed to potent sensitizing allergens and that they reported a
high frequency of skin reactions. These exposures and reactions were reported significantly more
frequently than in the reference group. The exposures were primarily hair dyes, henna tattoos,
eyebrow dyes, and piercings.



The results from Study Part II showed good agreement between self-reported hand eczema and the
clinical examination, with high predictive values. Study Part II also showed significantly more use
of gloves in the intervention group, especially when shampooing and when handling bleaching
products. The apprentices in the intervention group used gloves for longer each day and fewer had
wet hands for two hours or more during their work day. Additionally, Study Part II showed that
significantly fewer apprentices who underwent the focused educational programme experienced
hand eczema compared with those who underwent the standard programme. Approximately 20% of
apprentices from the intervention group experienced hand eczema compared with approximately
30% of those from the control group (P=0.04).

This study provides important characteristics of hairdressing apprentices’ personal exposures, work
routines and development of hand eczema. Additionally, we succeeded in reducing the incidence of
hand eczema among those apprentices in this study design.

1.2 Summary in Danish

Denne ph.d.-athandling omhandler forebyggelse af arbejdsbetinget hdndeksem blandt danske
friserelever. Frisarer og friserelever har en hoj forekomst af arbejdsbetinget handeksem. Dette
grunder 1, at de via deres arbejde udsattes for mange allergifremkaldende produkter samt vadt
arbejde. Frisarelever synes at vare 1 en s@rlig hoj risiko, sandsynligvis fordi de ofte handterer
harvask og harfarvning pa kunderne.

Studiets overordnede formal var at give en karakteristik af friserelever samt at udarbejde,
implementere og evaluere et evidensbaseret undervisningsprogram med fokus pa nedbringelse af
hyppigheden af handeksem blandt danske friserelever.

Studiet var et klinisk, kontrolleret, prospektivt interventions studie. Der blev opbygget en kohorte af
nystartede friserelever fra samtlige 10 danske friserskoler i perioden august 2008 — marts 2009. Der
blev i alt inkluderet 502 elever i forbindelse med deres opstart pa skolerne. Alle elever blev set til
tre kliniske kontroller; indenfor de forste to uger af deres uddannelse, efter ca. 8 maneder og efter
ca. 18 maneder. Til hver kontrol blev de undersegt for hdndeksem ved hjaelp atf HECSI score og ved
alle tre lejligheder svarede de pd et spergeskema med spergsmal om bl.a. tidligere hudsygdomme,
personlige eksponeringer og hudreaktioner herpd, arbejdsrutiner, brug af handsker og udviklingen
af handeksem under deres uddannelse. Halvdelen af skolerne (interventionsskolerne) modtog et
seerligt tilrettelagt undervisningsprogram, og laererne blev specielt uddannet i forebyggelse af
handeksem, den anden halvdel fungerede som kontrolskoler.

Afhandlingen bestar af to delstudier. Delstudie I omhandler karakteristik af kohorten ved
inklusionen, og er baseret pa spergeskemaunderseggelse af 502 nye frisorelever. Et tilsvarende
sporgeskema blev sendt til en referencegruppe pa 1870 unge mennesker, som var matchet
frisereleverne pa kon, alder og geografisk fordeling i landet. Denne karakteristik omhandler primaert
friserelevernes hudsygdomme for deres opstart pd uddannelsen, med fokus pa atopisk dermatitis og
tidligere handeksem, samt deres personlige eksponeringer af bl.a. harfarveprodukter og eventuelle
hudreaktioner herpd. Delstudie II omhandler resultaterne fra follow-up studiet. Ved hjelp af den
kliniske undersegelse valideres selvrapporteret handeksem i kohorten. Derudover evalueres det om
der er opnaet en effekt af forebyggelsesprogrammet 1 form af en reduktion af forekomsten af
handeksem i interventionsgruppen sammenlignet med kontrolgruppen.



Resultaterne fra delstudie I viste, at feerre af frisereleverne havde haft hdndeksem sammenlignet
med referencegruppen. Ligeledes klassificeredes ferre af frisoreleverne med atopisk dermatitis 1
forhold til referencegruppen. Det blev altsd pavist, at der er en "healthy worker effect” i forbindelse
med valget af frisoruddannelsen, baseret pa eksematese sygdomme. Derudover viste delstudie I, at
frisereleverne eksponerede sig for potente fagrelevante allergener i hgj grad og rapporterede en hgj
forekomst af hudreaktioner i forbindelse hermed. Disse fagrelevante eksponeringer og
hudreaktioner blev rapporteret i signifikant hejere grad end i referencegruppen. Eksponeringerne
drejede sig primert om harfarvning, hennatatoveringer, bryn- og vippefarvning samt piercinger.

Resultaterne fra delstudie II viste at der var god overensstemmelse mellem selvrapporteret
héndeksem og den kliniske undersogelse, med hgje pradiktive vaerdier. Delstudie 11 viste desuden
signifikant bedre brug af handsker i interventionsgruppen, serligt til hirvask og ved hindtering af
blegmidler. Eleverne i interventionsgruppen brugte handsker laengere tid hver dag, og feerre havde
vide haender 1 2 timer eller mere i lobet af deres arbejdsdag. Desuden viste delstudie 2, at
signifikant feerre af de elever, der havde modtaget den fokuserede undervisning, fik hdndeksem,
sammenlignet med de elever der modtog den vanlige undervisning. Ca. 20 % af eleverne 1
interventionsgruppen fik handeksem sammenlignet med ca. 30 % af eleverne i kontrolgruppen
(P=0.04).

Studiet har bidraget med en vasentlig karakteristik af frisarelevers personlige eksponeringer,
arbejdsrutiner og udviklingen af handeksem. Desuden lykkedes det os at nedbringe incidensen af
hindeksem blandt frisereleverne 1 dette studiedesign.
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2 BACKGROUND

2.1 Occupational skin disease

Occupational skin disease is defined as skin diseases caused or aggravated by work conditions .
Occupational skin disease is one of the most frequently recognized work-related diseases in
Denmark as well as in many other countries '*. Occupational hand eczema comprises 90-95% of
all occupational skin disease cases, and several studies have shown that approximately half these
cases develop persistent hand eczema with a consequent high risk of sick leave and job change ™.
Occupational diseases in Denmark are reported to the Board of Occupational Health and are
registered in the Register of Occupational Diseases. Epidemiological studies in Germany based on
similar registers estimate an incidence rate of occupational skin disease of 4.9 per 10,000 workers
per year, with a decreasing trend . Several studies have found that the prevalence of occupational
hand eczema is substantially higher among males than among females '***® and that a history of hand
eczema and atopic dermatitis are risk factors for developing occupational hand eczema in wet-work
occupations "%, In Denmark, as in many other countries, high-risk occupations are bakers,
hairdressers, dental surgery assistants, kitchen workers and butchers '“*°. Occupational skin disease
has a severe personal and socioeconomic impact. In Denmark it is estimated that the annual cost to
society is approximately 110 million Euros, which includes costs of treatment, loss of production
and exclusion from the labour marked *'°. Other European countries have similar expenses due to
occupational skin disease *'*. Follow-up studies have shown that less than half the occupational
skin disease cases improve over a 1-2-year period. Atopic dermatitis, greater age, low

. . . . . . 1
socioeconomic status and persistent occupational environment seem to be poor prognostic factors
19

5-

The aetiology of occupational hand eczema is either allergic contact dermatitis or irritant contact
dermatitis, or a combination of both. Further inherent conditions, such as atopic dermatitis, may
play a role. Approximately 50% of cases reported to the Register of Occupational Diseases have
irritant contact dermatitis, 25% have allergic contact dermatitis and those remaining have a
combination of irritant contact dermatitis and allergic contact dermatitis '.

2.2 Hand eczema

Contact dermatitis on the hands occurs as a result of exposure to external factors such as allergens
or irritants. Allergens are skin sensitizing molecules (haptens) in the environment, such as
perfumes, metals, preservatives and hair dye, whereas skin irritants are most often wet work,
detergents, food, gloves, solvents etc 24

Hand eczema is an inflammatory disease limited to the hands. The clinical picture is a polymorphic
pattern characterized by erythema, scaling, vesicles, oedema, papules and fissuring. These signs
may change over time. The diagnosis relies on the clinical signs and symptoms, such as itching and
pain, and exclusion of an alternative diagnosis for example psoriasis or fungal infection. For sub-
classification, signs of atopic dermatitis and environmental exposures to various agents need to be
clarified and a patch test performed.

Hand eczema is a disease characterized by relapsing symptoms, which makes a period prevalence
more informative than point prevalence for determining the frequency of the disease in a cohort or

11



population. In Scandinavia, in the general adult population the 1-year prevalence of hand eczema
has been estimated as 8.0—11.8% **** and in younger generations 7—10% *>’.

Risk factors for developing hand eczema have been investigated in several studies, with most
studies agreeing on atopic dermatitis or familiar disposition to atopic diseases, occupational
exposures, female sex and wet work for two hours or more per day as being risk factors "%!%11:2830
It is currently under debate whether filaggrin null mutations are contributors to the manifestation of
hand eczema *'~*.

A Danish follow-up study on patients with hand eczema referred to dermatological clinics showed
that being an unskilled worker, frequent eruptions and delay in seeking medical attention were
associated with a poor prognosis *>~°.

2.3 Hairdressing apprentices

Hairdressers and hairdressing apprentices belong to a high-risk occupation with a high incidence of
both irritant and allergic occupational hand eczema owing to excessive wet work and extensive
exposure to chemical substances, such as hair dyes, bleaching products and permanent wave
solutions '*’"*°. Hairdressing apprentices seem to have a particularly high risk of developing hand
eczema ', probably because they often perform the shampooing and application and rinsing-off of
chemicals in the salons. According to the Danish Register of Occupational Diseases, hairdressers
with recognized occupational hand eczema include the highest proportion of apprentices (71%)
compared with other high-risk occupations '. Hairdressing apprentices have an average onset of
hand eczema at the age of 19-21 years, which is younger than among apprentices in other
occupational settings **'. In several studies the lifetime prevalence of hand eczema among
hairdressing apprentices has been estimated to 27.2%—58% */**** In Germany, Uter et al found
an incidence of hand eczema in a prospectively followed cohort of hairdressing apprentices of
43.3% over three years **, and in a Danish survey, hairdressing apprentices had an estimated 1-year
prevalence of 37% °’. In comparison, trained hairdressers in Copenhagen had an estimated 1-year
prevalence of hand eczema of 20% *’, and in Sweden the 1-year prevalence has been estimated as
18% *. Hairdressers are classically exposed to intensive wet work; accordingly, they are prone to
irritant contact dermatitis. In general, it is accepted that irritant contact dermatitis is more frequent
than allergic contact dermatitis in occupational hand eczema ***’; nevertheless, a German group
found a higher incidence of allergic contact dermatitis than irritant contact dermatitis in
hairdressers, probably because hairdressers have a higher degree of exposure to potent allergens
than do other occupations *.

There is a high staff turnover in the hairdressing profession. In Denmark hairdressers work an
average of 8.4 years in the profession, including their training period **°. One of the main reasons
for leaving the profession is hand eczema *°; similar results have been shown in a Finnish study *°.
In a prospective follow-up study among German hairdressing apprentices, it was found that hand
eczema was the reason for quitting the training in 30.1% of dropouts ****. Change of job due to
hand eczema has been reported almost three times more often by hairdressers compared with a
matched control group *°.

2.3.1 Exposures

Hairdressing apprentices are considered a high-risk population as they are highly exposed to both
allergens and skin irritants in their personal and their professional life **°".
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The chemical constituents causing most contact allergies among hairdressers are: p-
phenylenediamine (PPD) and toluene-2,5-diamine (PTD) in hair dyes, glyceryl monothioglycolate
in permanent wave solutions and ammonium persulfate in bleaching products **°>. Concentrations
of hair dye constituents (PPD, toluene-2,5-diamine and resorcinol) able to sensitize and/or elicit an
allergic response have been found on the hands of hairdressers both after application of hair dye and
after cutting newly-dyed hair **. Beside occupational exposure, hairdressers are exposed personally:
95.7% of hairdressers in Copenhagen had dyed their hair, 52.3% within the previous year °'. Of
German hairdressers referred to a dermatological outpatient clinic, 21.7% were allergic to
ammonium persulfate, 19.6% to PTD, 18.1% to PPD and 7.5% to glyceryl monothioglycolate.
When compared with a control group of referred ‘clients’, ammonium persulfate and glyceryl
monothioglycolate seem to be the main allergens related to the hairdressing profession >*.
Additionally, handling cosmetic products implies exposure to a variety of perfumes and
preservatives. Lastly, nickel exposure through work tools such as scissors and crochet hooks has
been identified but seems rare >°.

Beside their exposure to allergens, hairdressers and hairdressing apprentices perform a substantial
degree of wet work, which is another risk factor for irritant contact dermatitis *°. The definition of
wet work is generally accepted as having wet hands for more than two hours per day, performing
more than 20 hand washes per day, or wearing gloves for more than two hours per day *****®. In a
Swedish study it was found that 10% of a random sample of adults reported occupational exposure
to water for more than 2 hours and/or 20 times per day; for hairdressers the proportion accounted
for 58.7% of the population *°. In a German study it was found that hairdressers, assessed by
observation, were exposed to wet work, defined as wet hands or wearing protective gloves, for an
average of 2 hours and 17 minutes during an 8-hour shift ®.

2.3.2 Other occupational-related diseases

Hairdressers are affected by a number of other occupational-related diseases in addition to
occupational hand eczema. Leino et al showed that 16.9% of Finnish hairdressers had occupational
allergic rhinitis and 4.5 % had asthma °®'.

Apart from hand eczema, musculoskeletal disorders are also found to be a risk factor for leaving the
profession . Approximately half the Swedish hairdressers had had shoulder complaints the
previous year and 15% of Norwegian hairdressers had had severe shoulder pain ®. The few
interver;‘;ié%n studies that exist on reducing musculoskeletal pain among hairdressers show different
effects ™.

Several studies show that hairdressers have an increased risk of bladder cancer, and it is suspected
that there is also an elevated risk of other cancers, for instance, breast, lung, and larynx cancer and
non-hodgkin lymphoma ®. This is most likely due to hairdressers’ exposure to the large number
of chemicals present in their work environment, including carcinogens in hair dyes. Moreover,
infertility and restricted fetal growth in female hairdressers are under debate "%

2.4 Intervention

The overall goal of intervention research on occupational diseases is to demonstrate the
effectiveness of the chosen strategy on work injuries and / or illness. When conducting intervention
studies there are three phases to consider: development, implementation and effectiveness
evaluation of the intervention "’ Interventional methods can be viewed as first- or second-line
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prevention. First-line prevention includes organizational hazard control in the workplace, for
example, exclusion of skin damaging substances, change of behaviour and automation of processes;
and second-line prevention is based on individual protective measures such as wearing protective
gloves, using moisturizers and undergoing education .

In the primary prevention programmes, attempts are made to prevent hand eczema in healthy
individuals. Preventing hand eczema will avoid its progression to severe hand eczema and any
resulting loss of employment. Secondary prevention programmes deal with reducing and healing
symptoms in those already affected and are mainly carried out by dermatologists and nurses as a
combined medical and educational intervention. Tertiary prevention programmes deal with severe
cases not responding to secondary prevention 7,

Previous intervention studies on hand eczema in high-risk occupations have been able to reduce the
frequency of hand eczema and to improve the use of personal protective measures to a varying
degree. The majority of intervention studies have been conducted in cohorts already in high-risk
occupational exposure areas and already affected by hand eczema to a certain degree ">°. Held et al
improved behaviour and reduced clinical skin symptoms in different wet-work occupations ",
and the group of Flyvholm et al reduced the prevalence of hand eczema significantly among gut
cleaners in slaughterhouses and cheese dairy workers by implementing skin-protection programmes
737677 These studies have shown that evidence-based education with specially trained supervisors
is an effective tool 7>"®. A skin-protection programme, consisting of evidence-based
recommendations directed towards a specific population or work place, should be included in the

.78
education ".

A German study showed that for hairdressers who already had occupational hand eczema, a 6-
month educational programme combined with dermatological treatment resulted in significantly
more hairdressers from the intervention group remaining at work compared with a control group at
a 5-year follow-up (58.7% versus 29.1%, P<0.001) 7.

In Germany a tertiary inpatient individual prevention programme has been implemented targeted at
employees at risk of losing their jobs due to occupational skin disease. The programme consists of
six weeks of sick-leave, three weeks of inpatient dermatological treatment and education followed
by three weeks of outpatient treatment. Although the effect on behaviour and attitude towards using

personal protective measures has been good, patients with atopic dermatitis needed more attention
79-81

2.5 Effect evaluation

Intervention studies need a validated instrument of effect evaluation. In studies to prevent hand
eczema, an essential element is a valid instrument to assess the presence of the disease; the optimal
setting will include both a clinical assessment and a questionnaire-based assessment.

Self-reported hand eczema is often used in epidemiological studies as it is a cost-effective method
of estimating the prevalence of the disease. Several validation studies on self-reported hand eczema
have shown fairly good agreement between clinical examinations and the self-report, albeit with
some variation in results ***’. Using questionnaires and interviews combined with clinical
examinations, Meding et al validated self-reported 1-year prevalence of hand eczema and found a
high specificity (96-99%), but a lower sensitivity (53—-59%) in three different occupational settings
83, Other validation studies, mainly on point prevalence of hand eczema, have found higher
sensitivities (65%—80%) in different occupations, age groups and geographical areas *****’. Some
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validation studies have used symptom-based diagnosis instead of self-reported hand eczema in the
questionnaires and have compared it with clinical examinations. This seems to overestimate the true
prevalence as the sensitivity equalled 100%, while the positive predictive value was low (38%) .
Otherwise, questions on self-reported hand eczema seem to underestimate the true prevalence of
hand eczema due to a lower sensitivity ***. In studies relying on self-reported hand eczema,
knowing the sensitivity and specificity is essential to be able to calculate the true prevalence.

It is necessary to establish the validity of self-reported hand eczema as there may be differences in
interpretation of the question in different occupational settings, age groups and geographical areas.

No standardized system to assess the presence and severity of hand eczema as a clinical diagnosis
exists, but a number of scoring systems have been developed in recent years. The Hand Eczema
Severity Index (HECSI) scoring system * was developed by Held et al in 2005 to provide a
standardized system to diagnose hand eczema in a dermatological setting. Validation of the system
showed a high inter- and intra-rater reliability based on a one-page scoring tool that could be
learned easily. In 2006 Skudlik et al published the Osnabriick Hand eczema Score (OHSI) ¥ to be
used by occupational physicians and in epidemiological studies. Although the construction of the
OHSI is similar to the HECSI, the aim was for it to be simpler and easier, making it suitable for use
by non-dermatologists. The most recent scoring system is the Hand Eczema score for Occupational
Screenings (HEROS) *° developed for use in occupational settings for quantifying early and / or
minimal signs of hand eczema.
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3 AIMS OF THE STUDIES

The aims of the thesis were:

Study Part I:

e To characterize a cohort of Danish hairdressing apprentices regarding hand eczema and
atopic dermatitis before entering the hairdressing schools (Manuscript I)

e To characterize a cohort of Danish hairdressing apprentices regarding personal exposures
and reactions to relevant allergens before entering the hairdressing schools (Manuscript II)

Study Part II:

e To validate self-reported hand eczema in a cohort of Danish hairdressing apprentices
(Manuscript III)

e To investigate whether evidence-based intervention could increase the use of personal
protective measures and reduce the incidence of occupational hand eczema in a cohort of

Danish hairdressing apprentices (Manuscript [V)

e To identify possible risk factors for development of hand eczema in a cohort of Danish
hairdressing apprentices (Manuscript I'V)
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4 MATERIALS AND METHODS

This thesis relies on a follow-up study on occupational hand eczema among Danish hairdressing
apprentices. The study is separated in two parts: Part I relies on baseline data obtained during the
inclusion; Part II relies on data obtained during follow-up. The study is approved by the Danish
Data Protection Agency and by the Committee on Biomedical Research Ethics of Copenhagen and
Frederiksberg, H-B-2007-096, and all participating hairdressing apprentices gave informed consent.

4.1 Study design

The study was a clinically controlled, prospective intervention study. It consisted of an inclusion, 1%
follow-up and 2™ follow-up. On all three occasions the hairdressing apprentices completed a self-
administered questionnaire and were clinically examined for hand eczema. All three follow-ups
were mainly scheduled as visits to the participating vocational schools in Denmark. Four schools
were selected as intervention schools and six schools served as control schools. The intervention
schools were chosen partly because some degree of education in preventing hand eczema had
already been implemented and partly to represent different geographical areas of Denmark and
different school sizes.

4.1.1 The education of hairdressing apprentices

In Denmark hairdressing apprentices undergo a 4-year training programme. Training comprises
both dedicated school periods providing a combination of theory and practice and dedicated periods
in salons consisting of mixed practical hairdressing procedures. Although most apprentices were
examined during the school periods, a few were examined while they were working in the salons.

4.2 Study population

Within the first two weeks of their education, 502 hairdressing apprentices were enrolled in this
follow-up study on occupational hand eczema. Enrolment was in two phases: in August 2008 (n=
382) and in January 2009 (n=120).

During the first approximately 18 months of their training, all apprentices completed a self-
administered questionnaire and had their hands examined for objective signs of hand eczema three
times: at the start of their education, after approximately 8 months, and after approximately 18
months. The apprentices were recruited from all ten hairdressing schools in Denmark, each school
provided from 8 to 103 subjects. All new apprentices present on the day of inclusion were invited
into the study. There were a subsequent number of dropouts and exclusions (Figure 2), as described
below.

At inclusion the participation rate was 99.8% (502 of 503 hairdressing apprentices present on the
day of inclusion). All completed the questionnaire and only one did not have her hands examined.
At the 1* follow-up, data were collected from 294 apprentices of 321 still in education at that time
(91.6%); of these apprentices, 3 completed only the clinical examination, not the questionnaire. At
the 2™ follow-up the participation rate was 99.6% (283 of 284 hairdressing apprentices still in
education); all completed the questionnaire but 21 did not complete the clinical examination. The
missing data were mainly due to sick leave or time off on the day of the examination.
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Power calculation: Based on the number of new hairdressing apprentices from the previous years,
600 was the approximate number we expected to include. Power calculation was made under the
following assumption: 300 apprentices in the intervention group and 300 apprentices in the control
group, compared at time = 0, 6 months and 18 months. The expected frequency of hand eczema in
the two cohorts, based on literature on the frequency of hand eczema in the general population '
and among trained hairdressers **, was 9% in the intervention group and 18% in the control group.
On a 5% significance level the power was estimated to 89.7%, which was considered sufficient.

4.3 The intervention

The intervention was planned, implemented and evaluated according to the model described by
Goldenhar et al "’ (Figure 1).This model describes three phases of the intervention process in
occupational safety and health: development, implementation and effect evaluation. Each phase
consists of five central tasks: gathering background information; developing partnership; choosing
methods and design; completing development, implementation and evaluation; and reporting and
disseminating the process and results. The process described encourages going a step backwards
whenever the five tasks in each phase have been completed in order to evaluate and improve the
development, implementation and evaluation of the chosen intervention.

| Effectiveness

Implementation
Research

@ Gather Background
Information (Conduct
Needs Assessment)

Developmental
Research

@ Develop

Partnerships

@ Report &

Disseminate

@ Choose
@ Complete Methods or
Development, Designs
Implementation,
or Evaluation

Figure 1: Model described by Goldenhar et al. The intervention process
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In this study, background information was gathered through visits to vocational schools. The chief
investigator (AB) had the opportunity of teaching both apprentices and teachers in occupational
hand eczema and also participated in informal conversations, allowing a culture analysis of the
vocational schools and the apprentices. The intervention was based on education of the teachers at
the vocational schools (Table 1). Each intervention school provided 2—5 project supervisors. These
supervisors underwent special training in prevention of hand eczema among hairdressers and were
responsible for the continued education of the apprentices at the schools. We developed an
evidence-based educational programme in cooperation with the supervisors from the intervention
schools, primarily based on a special skin protection programme for hairdressers (Table 2). The
educational programme included three oral presentations, an information pamphlet, group-work
exercises, practical training and a glove size measure. This approach has been evaluated as
successful in previous intervention studies "*”’®. In addition, an information letter was sent to all
salon owners who employed the apprentices from the intervention group, and samples of lipid-rich
moisturizers and protective gloves were given to these apprentices.

Table 1. Timetable of the intervention process

December 2007 Telephone contact with all vocational schools educating hairdressers in
Denmark. Information was given about the study.

January 2008 Distribution of the schools to intervention- and control group.

February 2008 2-day course held for supervisors at the intervention schools.
Education given in skin physiology, allergy and eczema, skin
protection and optimizing work place procedures.

March — June 2008 The chief investigator visited all intervention schools, inspected the
work places and gave a lesson to all the schools’ teachers.

May 2008 Work group meeting: one representative from each intervention school
and the chief investigator developed an educational programme for the
schools.

December 2008 Follow-up meeting. Supervisors from the intervention schools
participated.

19



Table 2. Evidence-based recommendations for prevention of occupational skin diseases in hairdressers

Use gloves when you wash, dye, bleach, and perm 33

Cut before you dye the hair >

Mix in a separate, ventilated cabinet *
Disposable gloves must be clean, new, and dry *
Never reuse disposable gloves *

Use cotton gloves underneath protective gloves *

Use gloves for as long as necessary but for as little as possible *%

Use an unscented, rich moisturizer ***

Do not wear rings when you work %
Use gloves when doing wet work in your spare time '®

Use warm gloves outside when it’s cold '*

4.4 The questionnaires

Two questionnaires were constructed for this study: one for the inclusion and one for the two
follow-ups.

4.4.1 Baseline questionnaire

The questionnaire used at the inclusion consisted of 58 items. This questionnaire covered aspects of
demographic data, self-reported dermatitis, personal exposures and reactions to potential allergens
and previous work experience in the hairdressing profession. Questions concerning a history of
hand eczema were adapted from the Nordic Occupational Skin Questionnaire (NOSQ-2002) '*.
The main questions concerning hand eczema were “Have you ever had hand eczema?” (NOSQ
question D1), “Have you ever had eczema on your wrists or forearms?” (NOSQ question D2) and

“When did you last have eczema on your hands, wrists or forearms?”” (NOSQ question D5).

Atopic dermatitis was defined using the UK Working Party’s diagnostic criteria. These criteria
include five questions concerning specific characteristics of atopic dermatitis, based on the Hanifin
and Rajka criteria '®. To obtain the diagnosis atopic dermatitis a person must fulfil one major
(“Have you ever had an itchy skin condition?”) and three of five minor criteria (flexural, neck or
facial involvement; age of onset below two years; personal history of asthma or hay fever; a history
of a generally dry skin; and visible flexural eczema) '**'%,

Questions concerning exposures and adverse skin reactions to hair dye, semi-permanent black
henna tattoos, perfumed products and piercings were adapted from large epidemiological studies in
Denmark: SUSY ' and the Copenhagen Allergy Study questionnaires '**'%’. Lastly, questions on
previous work experience in the hairdressing profession were constructed for this survey.
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4.4.2 Validation of the baseline questionnaire

The questionnaire was developed by the chief investigator (AB) in cooperation with the supervisors.
A pilot test was run which included 20 hairdressing apprentices. After completing the questionnaire,
there was a panel discussion where the apprentices raised any concerns regarding the wording,
response categories etc. The questionnaire was then revised and re-evaluated by another 10
hairdressing apprentices and 5 young people outside the hairdressing profession. The final version
was constructed by chief investigator and supervisors.

4.4.3 The follow-up questionnaire

The follow-up questionnaire comprised 46 items. The main focus was on development of hand
eczema, use of personal protective measures, workplace procedures and exposure to wet work.
Questions concerning development of hand eczema were adapted from NOSQ-2002. The question
on development of hand eczema during the educational period was modified from the NOSQ
question D1; the question on the cause of hand eczema was modified from the NOSQ question D7,
and the question concerning improvement during vacations was modified from the NOSQ question
F4.

Specific questions concerning the hairdressers’ work procedures, use of gloves and amount of wet
work were constructed for this survey.

4.4.4 Definitions

Wet work was defined as having wet hands for two hours or more during a regular work day. It

included cutting wet hair, shampooing, dishwashing, cleaning the salon etc without gloves. Use of
protective gloves for specific hairdressing procedures was defined as using protective gloves every
time the procedure was performed. A black henna tattoo was defined as a temporary tattoo painted
on the skin and lasting for 2—3 weeks, often applied while on vacation or attending music festivals.

4.4.5 Validation of the follow-up questionnaire

The questionnaire was developed by the chief investigator (AB) in cooperation with the supervisors.
When relevant, questions were adapted from the baseline questionnaire. New questions were
evaluated in a pilot test including 19 trained hairdressers; all received the questionnaire by post and
after completing it, all were interviewed by telephone. The trained hairdressers raised any concerns
regarding wording, response categories etc. The questionnaires were subsequently amended by the
chief investigator and the supervisors.

4.5 Clinical examination

Objective signs and severity of hand eczema were assessed by a trained medical doctor (AB) using
the Hand Eczema Severity Index (HECSI), which is a validated scoring system with a high inter-
and intra-observer reliability, determining the presence, severity and localization of hand eczema
The HECSI scoring system is based on severity of visible clinical signs of hand eczema: erythema,
infiltration, vesicles, fissures, scaling and oedema, on a scale from 0 to 3, in combination with
measurement of the area affected: wrists, palms, back of hands, fingertips and fingers, on a scale
from O to 4. The range of the HECSI score is 0-360, where 0 is no eczema and 360 is the most
severe eczema. All apprentices were clinically examined on the same days that they completed the

88
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questionnaires. All completed the questionnaire before the clinical examination; therefore, they
were unaware of the examination result.

Additionally, all apprentices were examined for flexural eczema at inclusion. This was done to fulfil
all minor criteria of the UK Working Party’s diagnostic criteria.

4.6 Data entering

Data from both study parts were entered manually by using the SPSS Data Entering Builder®
(SPSS Inc., Chicago, Illinois, USA). All data from the hairdressing apprentices were entered by the
chief investigator (AB) and data from the matched control group (Study Part I) were entered by a
trained data operator. Typing error was checked for by retyping 5% of all data entered. The
discrepancies between the double typed data were 2.55%o. Each variable was checked for outlying
parameters and missing data, and errors and inconsistency were checked against the original
questionnaires.

4.7 Study Part I, Manuscripts | and 11
Study Part I is based on questionnaire findings from the baseline questionnaire at inclusion.

4.7.1 Matched control group

To obtain a comparable reference group for the hairdressing apprentices, a slightly modified version
of the baseline questionnaire, consisting of 67 items, was sent to a matched control group from the
general population. Matching was done using the social security number, a unique identifier all
Danes have from birth. Each apprentice enrolled in the study in August 2008, except 8 due to an
invalid social security number, (n= 374) and was matched to five controls (n=1870). Matching was
based on age, sex and postcode. The response rate obtained from this group was 68.3%, after one
reminder.

4.7.2 Statistical analysis

The statistical analyses were performed using the Statistical Products and Service Solutions package
(SPSS Inc., Chicago, IL, USA) for Windows (Release 17.0).

Conditional logistic regression model was used for analyzing the matched data as it is designed for
analyzing responses where one “case” is matched with one or more “controls”. The conditional
logistic regression was performed in SPSS by using the Cox regression model for comparison of
hand eczema, eczema on wrists and forearms, atopic dermatitis, personal exposures and skin
reactions in the two cohorts (hairdressing apprentices versus matched controls). Skin reactions were
adjusted for atopic dermatitis. A p-value < 0.05 was considered significant.

4.8 Study Part I, Manuscript 111
Study Part II relies on the follow-up of the apprentices. Data are based on self-administered

questionnaires and clinical examinations.

4.8.1 Statistical analysis

The statistical analyses were performed using the Statistical Products and Service Solutions package
(SPSS Inc., Chicago, IL, USA) for Windows (Release 18.0).
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To evaluate the agreement between the self-reported hand eczema and the clinical examinations, we
calculated the sensitivity and specificity using the clinical examination as the golden standard. The
sensitivity is the proportion of positively identified individuals (with hand eczema) who were
correctly identified by the questionnaire, i.e. the ability to detect subjects with hand eczema. The
specificity is the proportion of negatively identified individuals (with no hand eczema) who were
correctly identified by the questionnaire, i.e. the ability to detect subjects without hand eczema.
Furthermore, the predictive values of the questionnaire were calculated. The positive predictive
value is the proportion of individuals with a positive answer (hand eczema) who were diagnosed
with hand eczema by the clinical examination, and the negative predictive value is the proportion of
individuals with a negative answer (no hand eczema) who were diagnosed without hand eczema by
the clinical examination. Confidence intervals (CI) for the sensitivity and specificity were measured

using the following formula ''*:

Cl= P+ 1.96x /200

where P is the sensitivity or specificity and n is the total number of persons with or without hand
eczema according to the clinical examination.

The true prevalence of hand eczema, when the validation is taken into consideration, was calculated
from the following formula ' :

True prevalence = measured prevalence + (specificity — 1) / sensitivity + (specificity — 1)

4.9 Study Part II, Manuscript IV

4.9.1 Exclusions

In total 105 hairdressing apprentices were excluded during the study. This was done for different
reasons: change of school from intervention school to control school or vice versa (2 cases), change
from school apprenticeship to salon apprenticeship (with no formal school classes) (9 cases), and 94
cases did not qualify as an apprentice either in a salon or at the school and, consequently,
discontinued their education (Figure 2).
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Inclusion: n = 502
Intervention group: n =301
Control group: n =201

Exclusions: n = 105

A 4

Dropouts: n =76

A

\ 4
1* follow-up: n = 321
Intervention group n = 162
Control group; n =159

Dropouts: n =37

A

v
2" follow-up: n = 284
Intervention group: n = 148
Control group: n =136

Figure 2. Flow chart

4.9.2 Dropouts

Of the apprentices included, 113 were eligible for continuation of the hairdressing apprenticeship
but decided to change career for various reasons. This group is referred to as dropouts. They were
all contacted by telephone and if contact was not established, a letter was sent. All were asked
whether they had experienced hand eczema while being a hairdressing apprentices, and if so, was
hand eczema the main reason for changing career. A response rate of 74.3% (84 of the 113
dropouts) was obtained (Figure 2).

4.9.3 Statistical analysis

The statistical analyses were performed using the Statistical Products and Service Solutions package
(SPSS Inc., Chicago, IL, USA) for Windows (Release 18.0).

For comparison of categorical variables, e.g. use of gloves in different routines, the chi-square test
was used and because of the number of variables in the category of glove use, a Bonferroni
correction was performed. According to this Bonferroni correction, a P-value < 0.003 was
considered significant. For the remaining calculations, a P-value < 0.05 was regarded as significant.
Time spent wearing gloves in the salons was evaluated by chi-square for trend. Paired quantitative
data were analyzed by comparing means with Wilcoxon Signed Rank Test, and for independent
data Mann-Whitney Test was used. The severity of hand eczema (HECSI) was evaluated by range,
mean and median. A backward stepwise logistic regression model was performed to evaluate
eventual risk factors for development of hand eczema. This analysis was performed with hand
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eczema as the dependent variable and age, sex, atopic dermatitis, weeks spent in a salon and being
in the intervention group as the categorical variables. The logistic regression model was checked by
Hosmer-Lemeshow Goodness of fit test. Lastly, odds ratio (OR) and CI were measured for
development of hand eczema during the study.
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5 RESULTS
5.1 Study Part I, Manuscripts | and 11

5.1.1 Descriptive statistics

The study population in Study Part I comprised 374 hairdressing apprentices who were included
during the first enrolment in August 2008, and for comparison, 1277 matched controls from the
general population. Mean age was 17.5 years (range 15-39 years) for the hairdressing apprentices
and 17.4 years (range 15-39 years) for the matched controls. Median age was 17 years for both
groups. Both groups consisted mainly of females: 96.3% of the apprentices and 96.9% of the
controls.

To a certain extent the hairdressing apprentices were already exposed to the work of hairdressers
when they started their education. Among this group, 27.3% had been working in a hairdressing
salon, 20.3% within the six months prior to the start of their education. They had worked an average
of 18.6 hours per week for ten months in hairdressing salons, mainly cleaning the salon and
shampooing customers’ hair.

The matched control group consisted mainly of students (76.6%), and only 6.6% had been exposed
to wet work for two hours or more per work day.

5.1.2 Non-respondent analysis

Only one hairdressing apprentice present on the day of the first enrolment refused to participate in
the study, no reason was given.

In the matched control group the respondents were slightly younger (mean age 17.4 years) than the
non-respondents (mean age 17.8 years) (p=0.02). Similarly, there were fewer males among the
respondents (3.1%) than among the non-respondents (5.1%) (p=0.04).

Despite the 31.7% of non-respondents in the matched control group, all apprentices were matched
to at least one control. In 9 cases, only one matched control responded to the questionnaire, while in
50 cases, all five controls completed the questionnaire (Table 3). This variation in number of
controls per apprentice affects the matched analysis only if the two groups differ significantly
concerning the variables used for matching (age, sex and postcode).

Table 3. Distribution of the matched groups

Size of the matched groups | Number of groups | Number of persons = number of groups xsize of group
2 9 18
3 62 186
4 118 472
5 135 675
6 50 300
Sum 374 1651 =374+ 1277
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This possible variation can be illustrated by comparing the age distribution of the two groups. There
is a tendency towards fewer young persons (age < 17 years) among the apprentices and otherwise
more from the control group aged > 18 years. Although there is a weak difference in age
distribution when comparing the two groups (P=0.03), it is considered acceptable as a perfect
matching is unlikely in real life.

5.1.3 Hand eczema at inclusion

When they began their education, the hairdressing apprentices reported a lifetime prevalence of
hand eczema of 8.0%, which is less significant than in the matched control group (12.5 %)
(P=0.009). The same pattern applies for the point prevalence and 1-year prevalence of hand eczema
(Table 4). No significant differences between the two groups were found in accordance with the
frequency of hand eczema, age at onset and time since last episode of hand eczema. This, however,
might be due to lack of power.

Lifetime prevalence of eczema on wrists or forearms was reported in 5.3% of the hairdressing
apprentices versus 11.9% of the matched controls (P<0.001), and 1-year prevalence in 3.7% versus
7.0% (P=0.02) with no significant difference being found in point prevalence (Table 4).

5.1.4 Atopic dermatitis at inclusion

The matched control group was not clinically examined due to logistic reasons, and therefore the
classification of atopic dermatitis in Study Part I was based on the UK Working Party’s diagnostic
criteria, questionnaire version only (Table 4). Of the hairdressing apprentices, 21.4% were classified
with atopic dermatitis versus 29.8% of the matched control group (P=0.001).

Table 4. Self-reported hand eczema and eczema on wrists or forearms and classification of atopic dermatitis

Hairdressing apprentices Controls P
(n=374) (n=1277)

Hand eczema
Point prevalence 1.1% (4) 3.6% (46) 0.008
1-year prevalence 5.9% (22) 8.7% (111) 0.04
Lifetime prevalence 8.0% (30) 12.5% (159) 0.009
Eczema on wrists or forearms
Point prevalence 1.6% (6) 2.7% (35) 0.15
1-year prevalence 3.7% (14) 7.0% (90) 0.02
Lifetime prevalence 5.3% (20) 11.9% (149) <0.001
Atopic dermatitis* 21.4% (80) 29.8% (381) 0.001

* The UK Working Party’s diagnostic criteria, questionnaire version
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5.1.5 Personal exposure at inclusion

It was found that 98.4% of the hairdressing apprentices and 82.2% of their matched controls from
the general population had ever dyed their hair (P<0.001); 95.2% versus 66.9% within the previous
year (P<0.001). On average, they had dyed their hair 6.6 times versus 3.7 times per year (P<0.001).
Median age at time of first hair dye use in the cohort of hairdressing apprentices was 12 years, and
in the matched cohort 13 years (p<0.001) (Table 5).

Eyebrow dye was also used to a significant higher degree among the hairdressing apprentices than
among the matched controls. More than half the apprentices had dyed their eyebrows within the
previous year.

Semi-permanent black henna tattoos had been applied by more apprentices than controls (P<0.001),
but age at first tattoo was similar in the two groups.

Lastly, almost all apprentices had had ear piercings (96.8 %) and the majority had also had

piercings on other parts of the body (65.0%), which is also significantly more than the controls
(Table 5).
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Figure 3. Age at first hair dye use

5.1.6 SKkin reactions at inclusion

Apart from skin diseases, such as hand eczema, eczema on wrists or forearms and atopic dermatitis,
questions concerning adverse skin reactions towards known allergens were analyzed. As shown in
the previous section, there was a significant difference in numbers of persons classified with atopic
dermatitis in the two groups, and therefore the frequency of skin reactions was adjusted for atopic
dermatitis in the following analyzes. The hairdressing apprentices who at some point had dyed their
hair reported significantly more adverse skin reactions to hair dye than did members of the matched
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control group, regarding both eczema and oedema of the facial region. Similarly, eczematous
reactions to eyebrow dye were reported in more apprentices than controls.

Skin reactions to jewellery and perfumed products were reported by significantly more matched
controls than by apprentices (Table 5).

Table 5. Self-reported exposures and reactions

Hairdressing apprentices Controls P
(n=374) (n=1277)
Hair dye
Lifetime prevalence 98.4% (368) 82.2% (1050) <0.001
1-year prevalence 95.2% (356) 66.9% (854) <0.001

Hair dye pr year 6.6 (1-30 times) 3.7 (1-30 times) <0.001
Age first hair dye 12.1 years (2-19 years) 13.3 years (5-23 years) <0.001
Reaction to hair dye (eczematous) 13.7% (50) 10.0% (105) 0.002#
Reaction to hair dye (oedema) 4.9% (18) 2.9% (30) 0.001#
Eyebrow dye

Lifetime prevalence 62.0% (232) 32.5% (415) <0.001
1-year prevalence 52.9% (198) 19.3% (246) <0.001
Eyebrow dye pr year 3.8 (1-35 times) 3.1 (1-24 times) 0.007
Reaction to eyebrow dye (eczematous) 3.9% (9) 3.6% (15) 0.02#
Semi-permanent black henna tattoos

Lifetime prevalence 48.1% (180) 31.0% (396) <0.001
Age at first tattoo 12.9 years (4-32 years) 12.7 years (3-22 years) 0.7
Reactions to tattoo 0.0% (0) 2.5% (10) 0.1#
Piercing

Ear piercing 96.8% (362) 92.1% (1176) <0.001
Piercing other places 65.0% (243) 35.1% (448) <0.001
Reactions to jewellery 29.9% (112) 35.2% (449) 0.002#
Perfume-rash

1-year prevalence 6.1% (23) 11.3% (144) 0.001#
Lifetime prevalence 13.6% (51) 1.8% (278) <0.001#
Deodorant-rash

1-year prevalence 8.6% (32) 11.4% (146) 0.004#
Lifetime prevalence 17.4% (65) 24.3% (310) 0.001#

# Adjusted for atopic dermatitis
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5.2 Study Part 11, Manuscripts 111 and 1V

5.2.1 Descriptive statistics

The study population in Study Part I comprised 502 hairdressing apprentices, distributed with 196
apprentices in the intervention group and 201 apprentices in the control group at inclusion, not
accounting for the 105 excluded apprentices described in the Material and Method section. The
mean age of the apprentices was 17.5 years and the majority were females (95.2%). The distribution
of apprentices between the two groups did not differ significantly regarding demographic data such
as age, sex, BMI, smoking and alcohol habits, and number of apprentices classified with atopic
dermatitis (Table 6).

The education in Denmark is partly organized on an individual level, which reflects the fact that
during the study, the apprentices from the intervention group were working in the salons for an
average of 32.5 weeks compared with 27.5 weeks for the apprentices from the control group
(P=0.01). Otherwise, the apprentices from the control group had more weeks at the schools: an
average of 32 weeks compared with 30 weeks for the intervention group (P=0.001). On the day of
the final follow-up, more apprentices from the intervention group were clinically examined during
their stay in the salons: 20.4% compared with 14.7% from the control group (P=0.03).

5.2.2 Dropout analysis
During the study, 113 apprentices dropped out of school.

The dropouts were almost equally distributed between the intervention group (42.1 %) and the
control group (57.9 %). They did not differ in age (P=0.1) from the apprentices who continued their

education, but males were more likely to leave the schools than were the females (P=0.008).

Of those dropouts who responded to the questionnaire, there was no significant difference regarding
age (P=0.3) or sex (P=0.4) distribution compared with the non-respondents.
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Table 6. Baseline characteristics of the cohort

Intervention group Control group P
(n/total) (n/total)
Age (years)
Range 15-32 15-38
Mean 17.8 17.7 0.2
Median 17 17
Sex
Male 6.6 % (13/196) 3.5% (7/201) 0.2
Female 93.4 % (183/196) 96.5 % (194/201)
Atopic dermatitis* 10.2 % (20/196) 8.0 % (16/201) 0.4
BMI
Mean 21.3 22.1 0.2
Underweight (BMI<18.5) 14.6 % (27/185) 14.0 % (26/186) 0.9
Normal weight (18.5-24.9) 75.7 % (140/185) 72.0 % (134/186) 0.4
Overweight (25-29.9) 8.6 % (16/185) 9.7 % (18/186) 0.7
Obese (> 30) 1.1 % (2/185) 4.3 % (8/186) 0.06
Smoking habits
Yes, daily 29.1 % (57/196) 28.4 % (57/201)
Yes, but not daily 14.8 % (29/196) 10.4 % (21/201)
Non-smoker 56.1 % (110/196) 61.2 % (123/201) 0.4
Pack years 1.7 (0-9) 2.3 (0-20)
Alcohol consumption, mean
Number of beers per week 6.7 52 0.1
Glasses of wine per week 1.7 1.8 0.8
Units of spirits per week 13.5 16.2 0.4
Units of alcohol per week 21.9 23.2 0.9

* The UK Working Party’s diagnostic criteria

Data are based on the questionnaire from the inclusion

5.2.3 Validation of self-reported hand eczema

Validation of self-reported hand eczema in terms of sensitivity, specificity and predictive values at
inclusion, at the 2™ follow-up and altogether are listed in Table 8. The overall sensitivity of self-

reported hand eczema was 70.3% (95% confidence interval: 0.55-0.85) and the specificity was
99.8% (95% confidence interval: 0.995-1.00) when all questionnaire answers and clinical
examinations were regarded.

The overall point prevalence of self-reported hand eczema at inclusion was 8.6%, at the 1% follow-
up 13.8% and at the 2™ follow-up 24.7% for the whole cohort. The true prevalence of hand eczema,
when the sensitivity and specificity were regarded, was estimated to (for details of the formula see
the Material and Methods section):
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True prevalence at inclusion = 0.086 + (0.998 — 1) /0.703 + (0.998 — 1) =0.12=12 %
True prevalence at the 1% follow-up = 0.138 + (0.998 — 1) / 0.703 + (0.998 — 1) = 0.194 = 19.4 %
True prevalence at the ond follow-up = 0.247 + (0.998 — 1) / 0.703 + (0.998 — 1) = 0.349 = 34.9 %

In total, 37 of the 764 clinical examinations were positive (with hand eczema) in as much as the
HECSI value was above 0. More apprentices had clinical signs of hand eczema at the 2™ follow-up
(n=20) than at the time of inclusion (n=17) (Table 7).

It was found that only one apprentice of the 27 (3.7 %) who stated in the questionnaire that they had
current hand eczema was not clinically diagnosed with hand eczema. This was classified as a false
positive. Moreover, 11 apprentices of the 737 (1.4 %) who stated no current hand eczema were
classified as false negative.

Table 7. Questionnaire findings compared with clinical diagnoses

Clinical examination

Questionnaire Hand eczema No hand eczema Total
Hand eczema 26 (I*=11, F#=15) 1 (I*=0, F#=1) 27
No hand eczema 11 (I*=6, F#=5) 726 (1*=484, F#=242) 737
Total 37 727 764

The table shows number of subjects with or without hand eczema in accordance with clinical score and questionnaire
* Number of apprentices at the inclusion
# Number of apprentices at the 2™ follow-up

Table 8. Validation of self-reported hand eczema

Inclusion 2" follow-up Total
Sensitivity 64.7% 75% 70.3%
Specificity 100% 99.6% 99.8%
Positive predictive value 100% 93.8% 96.3%
Negative predictive value 98.8% 97.9% 98.5%
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5.2.4 Work exposure

The work exposure at the final follow-up was measured based on the question “How many times
per week do you perform the following procedures at work in the salon?”. The apprentices worked
37 hours distributed over five days per week. The variety of work exposure was wide but was
generally high, especially regarding the wet-work procedures (Table 9). No significant differences
in work exposures between the intervention group and the control group were found.

Table 9. Work exposure per week

Range Mean SD
Shampooing 1-220 49.8 35.6
Hair dying 0-75 8.7 9.8
Rinse hair dye 0-100 24.6 19.6
Eyebrow dye 0-100 16.5 15.3
Bleaching 0-50 3.9 6.2
Rinse bleaching 0-93 93 10.8
Permanent 0-50 1.8 5.1
Rinse permanent 0-40 5.5 6.4

SD = Standard Deviation

5.2.5 Glove use

The apprentices from the intervention group used gloves to a higher extent than the control group
did, particularly when shampooing and while handling bleaching products and eyebrow dye (Table
10). Although the frequency of apprentices using gloves decreased while they were working in the
salons, they still used gloves to a higher extent than the control group did during these periods.
Overall, the use of gloves increased between the 1% and 2™ follow-up. In particular, the apprentices
from the control group increased their glove-wearing for wet work procedures between the 1% and
2" follow-up.

Gloves were not reused at any school, whereas reuse occurred in some salons. At the final follow-
up, gloves were reused by 14.3% (intervention group) and 21.3% (control group) (P=0.1)
respectively. Of those who reused gloves at the final follow-up, 61.9% (intervention group) versus
58.6% (control group) (P=0.8) turned them inside out.
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Table 10. Use of gloves in the cohort

1* follow-up P 2" follow-up P
I'(n=145)  C°(n=149) F(n=147)  C°(n=136)
Shampooing* 75.2 % 42.4 % <0.001 70.7 % 46.3 % <0.001
Shampooing# 43.2% 26.1 % 0.003 48.9 % 29.6 % 0.001
Hair dying* 98.6 % 97.2 % 0.4 100% 98.5% 0.1
Hair dying# 96.4 % 91.0 % 0.7 97.8% 98.5% 0.6
Rinse hair dye* 89.0 % 79.9 % 0.03 90.5% 85.3% 0.2
Rinse hair dye# 84.9 % 63.4% <0.001 85.6% 74.8% 0.02
Eyebrow dye* 29.7 % 2.1 % <0.001 13.6% 2.2% <0.001
Eyebrow dye# 11.5% 1.5% 0.001 5.0% 0.7% 0.04
Bleaching* 77.2 % 60.4 % 0.002 89.8% 77.2% 0.002
Bleaching# 79.1 % 61.2 % 0.001 86.3% 78.5% 0.09
Rinse bleaching* 76.6 % 52.8 % <0.001 83.0% 72.1% 0.03
Rinse bleaching# 82.0 % 552 % <0.001 76.3% 68.1% 0.1
Permanent* 49.7 % 50.0 % 0.95 63.9% 52.9% 0.06
Permanent# 43.9% 28.4 % 0.008 46.0% 39.3% 0.3
Rinse permanent* 62.8 % 59.0 % 0-5 81.0% 72.8% 0.1
Rinse permanent# 69.8 % 49.3 % 0.001 72.7% 64.4% 0.1

*Intervention group

® Control group

* At the school

# In the salons

P<0.003 was considered significant according to the Bonferroni correction

When working in the salon, apprentices from the intervention group used gloves more hours per day
than did members of the control group at the final follow-up (Table 11).

Table 11. Time with glove use per day

Intervention group Control group P

(n=127) (n=134)
Never 0.0 % (0) 0.0 % (0) NT*
Less than %2 an hour 39% (5) 11.9 % (16) 0.02
¥—1 hour 19.7 % (25) 23.1% (31) 0.5
1-2 hours 23.6 % (30) 26.9 % (36) 0.5
2-3 hours 30.7 % (39) 24.6 % (33) 0.3
3—4 hours 11.8 % (15) 7.5 % (10) 0.2
More than 4 hours 10.2 % (13) 6.0 % (8) 0.2
Chi-square for trend 0.002

* Not tested
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5.2.6 Wet work

All apprentices were exposed to wet work to some extent. At the final follow-up, while working in
the salon, significantly more apprentices from the control group reported exposure to wet work for
two hours or more per day at work than did the intervention group. Approximately half the
apprentices from the intervention group reported exposure to wet work for two hours or more per
day, while 67.9% of the apprentices from the control group were exposed to wet work for two hours
or more per day (P=0.004) (Table 12).

Table 12. Exposure to wet work

Intervention group Control group P
(n=127) (n=134)
2 hours or more 50.4 % (64) 67.9 % (91) 0.004

5.2.7 Incidence of hand eczema

As shown in detail in Table 13, the apprentices from the intervention group had significantly less
incidence of hand eczema than had the apprentices from the control group. At the final follow-up,
19.4% of apprentices from the intervention group versus 28.3% of apprentices from the control
group had experienced hand eczema during their education (including dropouts) (P=0.04). The odds
ratio of getting hand eczema during the study period, not undergoing the intervention, was 1.65
(95% confidence interval 1.02-2.67).

The majority of the affected apprentices from both groups stated that their eczematous disease
started during their stay in the salons: 70.0% of the intervention group and 80.0% of the control
group (P=0.3). The severity of hand eczema was clearly occupationally related as 76.9% stated that
their work aggravated their hand eczema and 59.0% that their hand eczema improved during
vacations (with no statistical difference between the two groups).

Of those who experienced hand eczema during the study, 40.6% from the intervention group versus
19.6% from the control group (P=0.04) had consulted their general practitioner, and 15.6% versus
10.8% (P=0.2) a dermatologist. Only a minority of the apprentices with hand eczema, and only
apprentices from the intervention group (9.4% versus 0.0%, P=0.04), had their disease reported to
the Board of Occupational Health.

The incidence of hand eczema among dropouts was 21.4% in total, distributed with 15.2% in the
intervention group and 25.5% in the control group (P=0.3). No correlation between hand eczema
and atopic dermatitis among the dropouts was found (P=0.13), but of those who changed career
because of hand eczema, significantly more were classified with atopic dermatitis compared with
the rest of the dropouts (P=0.04). Hand eczema as the main cause of changing career was stated by
12% of dropouts in the intervention group and 9.8% of dropouts in the control group (P=0.7).
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Table 13. Hand eczema in the cohort

Intervention group Control group P
%, (n/total) %, (n/total)

Hand eczema
Lifetime prevalence

Inclusion 9.2 (18/196) 7.0 (14/201) 0.4
Point prevalence

Inclusion 1.5 (3/196) 3.0 (5/201) 0.3
2" follow-up 4.8 (7/147) 5.9 (8/136) 0.5
One-year prevalence

Inclusion 7.7 (15/196) 6.0 (12/201) 0.5
2"follow-up 20.4 (30/147) 29.4 (40/136) 0.07
During education

1* follow-up 11.0 (16/145) 19.2 (28/146) 0.05
2" follow-up 20.4 (30/147) 29.4 (40/136) 0.07
2" follow-up and dropouts 19.4 (35/180) 28.3 (53/187) 0.04
Eczema on wrists or forearms

During education

1** follow-up 4.1 (6/145) 5.5 (8/146) 0.6
2" follow-up 8.2 (12/147) 8.1 (11/136) 0.9
Hand eczema and eczema on wrists or forearms

During education

1* follow-up 18.6 (27/145) 28.1 (41/146) 0.06
2" follow-up 21.8 (32/147) 33.8 (46/136) 0.02
2" follow-up and dropouts 20.5 (37/180) 31.5 (59/187) 0.02

Self-reported hand eczema and eczema on wrists and forearms. Self-reported hand eczema has previously been
validated in the cohort '

5.2.8 Risk factors for hand eczema at the final follow-up

In a logistic regression model, atopic dermatitis and belonging to the control group were found to be
associated with development of hand eczema in the cohort, including dropouts (Table 14). Sex, age
and weeks spent in the salons had no significant influence on the incidence of hand eczema in the
cohort.

Additionally, BMI, smoking and alcohol habits had no significant influence on development of
hand eczema in the cohort when controlled for in a logistic regression model, and neither had wet
hands for two hours or more per day (not shown in this thesis).
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Table 14. The relationship of potential risk factors and the prevalence of hand eczema

Total Hand eczema Crude OR Adjusted OR Final model OR*
% (n/total) % (n/total) (95% CI) (95% CI) (95% CI)
Intervention
Control group 51.0 (187/367) 60.2 (53/88) 1.00 1.00 1.00

Intervention group

Atopic dermatitis

No
Yes

Sex
Female
Male

Weeks in salon
0-20

21-40

>4(

Age (years)
15-17

18-24

>25

49.0 (180/367)

90.5 (332/367)
9.5 (35/367)

95.6 (351/367)
4.4 (16/367)

26.3 (72/274)
49.3 (135/274)
24.4 (67/274)

67.0 (246/367)
29.7 (109/367)
3.3 (12/367)

39.8 (35/88)

87.5 (74/88)
15.9 (14/88)

97.7 (86/88)
2.3 (2/88)

27.5 (19/69)
47.8 (33/69)
24.6 (17/69)

62.5 (55/88)
32.9 (29/88)
4.6 (4/88)

0.61 (0.38-0.99)

1.00
2.32 (1.13-4.79)

1.00
0.4 (0.09-1.98)

1.00
0.90 (0.47-1.74)
0.95 (0.44-2.03)

1.00
1.26 (0.75-2.11)
1.74 (0.50-5.98)

0.62 (0.35-1.09)

1.00
2.16 (0.87-5.35)

1.00
0.48 (0.06-3.96)

1.00
0.87 (0.44-1.70)
0.98 (0.45-2.16)

1.00
1.41 (0.77-2.59)
2.19(0.49-9.73)

0.59 (0.36-0.95)

1.00
2.47 (1.19-5.14)

* The final model is based on the adjusted model, analyzed using backward stepwise logistic regression

OR = Odds ratio

CI = Confidence intervals
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5.2.9 Clinical severity of hand eczema

The mean HECSI score at inclusion was 5.7 / 3.2 points (range 3—13 / 1-7) for the intervention
group and the control group, respectively, increasing to 7.0 / 9.1 points (range 3—21 / 2-20) at the
final follow-up. The most severe cases of hand eczema, according to the HECSI score, were found
at the final follow-up, with HECSI 20-21 points.

Table 15. Clinical characteristics of the cohort

HECSI Scores
Inclusion 1* follow-up 2" follow-up P
Clinical hand eczema (n)* 7/10 9/17 7/13
Mean* 5.7/3.2 5.1/5.2 7.0/9.1 0.3/0.3#
Median* 4.0/3.0 2.0/4.0 5.0/7.0
Range* 3-13/1-7 2-14/2-12 3-21/2-20

* Intervention group / Control group
# Comparison of means between inclusion and 2™ follow-up was analyzed by Wilcoxon Signed Rank Test in the two
paired groups

5.2.10 Personal exposure at final follow-up

At the final follow-up, all apprentices, except one, had been exposed to personal use of hair dye and
the majority to personal use of eyebrow dye within the previous year, with no significant difference
between the two groups. Compared with personal exposure at inclusion (Table 5), more apprentices
had been exposed to eyebrow dye within the previous year, whereas use of hair dye had already
been implemented among almost all apprentices at inclusion.

Table 16. Exposure to hair dye and eyebrow dye at final follow-up

Intervention group Control group P
Hair dye§
1-year prevalence 100 % (147/147) 99.3 % (135/136) 0.1
Hair dye per year 10.5 times (1-60) 10.4 times (1-40) 0.1
Eyebrow dye§
1-year prevalence 77.6 % (114/147) 83.1 % (113/136) 0.1
Eyebrow dye per year 8.0 times (1-48) 9.3 times (1-29) 0.2

§ Measured at the 2™ follow-up
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6 DISCUSSION

6.1 General discussion

In the following section the results from the studies included in the thesis are discussed;
methodological topics are considered in a separate section.

6.1.1 Study Part I, Manuscripts | and 11

6.1.1.1 Hand eczema

A 1-year prevalence of hand eczema of 5.9% and a lifetime prevalence of 8.0% were found among
Danish hairdressing apprentices at the time they started their education. This is significantly lower
than that found in the matched control group (1-year prevalence of 8.7% and lifetime prevalence of
12.5%) and must also be considered slightly lower than previously published data on the prevalence
of hand eczema in various populations “***'".

A study among adolescents from technical schools in Sweden estimated the 1-year prevalence of
hand eczema to be approximately 10.0% *’, which is in fairly good agreement with the results from
the matched control group in this study. Only a few studies reporting the prevalence of hand eczema
in adolescence exist “*’, but the results are comparable with those found in studies of the adult
general population, indicating that early adolescence might be the period of life when development
of hand eczema starts.

6.1.1.2 Atopic dermatitis

The prevalence of atopic dermatitis among the hairdressing apprentices (21.4 %) was significant
lower than among the matched controls (29.8 %) (P=0.001). The prevalence of atopic dermatitis in
both cohorts is relatively high compared with studies from the general population, as they estimate
the prevalence of atopic dermatitis to be 15-24% 2*"'*'1°_ A number of studies have described a
difference in the proportion of atopic dermatitis in males versus females, with a predominance of
females 2> A this study mainly relies on female participants, this may be the explanation
of the high prevalence. Due to logistic reasons the data on atopic dermatitis in Study Part I are
based on the UK Working Party’s diagnostic criteria questionnaire version only, whereas the full
criteria are taken into consideration in Study Part II. Inclusion of the minor criterion “visible
flexural eczema” decreases the prevalence of atopic dermatitis among the hairdressing apprentices
to approximately 9% (Table 6). While this is probably a more precise estimate, it also illustrates the
need for more clinically-based prevalence studies of atopic dermatitis.

These results, in combination with the lower prevalence of hand eczema among the apprentices,
indicate a healthy worker effect in the hairdressing profession in Denmark. ‘Healthy worker effect’
is defined as a selection of relatively healthy people to become or remain workers, whereas those
out of active work are, as a group, less healthy .

The risk of skin diseases in wet-work occupations is well described and a concern both among the
public and among professionals. It is assumed that career guidance based on present or former skin
conditions is carried out by general practitioners, dermatologists and healthcare professionals at the
secundary school or high school. The health authorities have provided these schools with career
guidelines concerning former skin diseases and risk of occupational hand eczema. This could
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explain why the hairdressing apprentices have fewer skin symptoms compared with the matched
control group from the general population. It is unknown whether this tendency is limited to
Denmark or whether it is an international trend.

6.1.1.3 Personal exposure and skin reactions

The hairdressing apprentices were intensively exposed to personal use of permanent hair dyes,
black henna tattoos and to piercings. This is in line with the general trend in society and probably
also reflects the special interest they have in the hairdressing profession. It was found that the
hairdressing apprentices were exposed to these known sensitizing products and procedures to a
higher extent than were the matched control group from the general population (Table 5). When
compared with the literature, they are also more exposed to hair dye and black henna tattoos than
skilled hairdressers and the adult general population of Copenhagen °'. In addition to the extensive
exposure to these products, a higher prevalence of self-reported skin reactions was found among the
apprentices compared with the matched control group. Early and extensive exposures to allergens
have shown to increase the risk of sensitization and thereby allergic reactions '>*'**, although some
of the reported skin reactions may have been irritant reactions.

Hair dyes, eyebrow dyes and black henna tattoos all contain permanent hair dye ingredients '**'%°,
and are able to sensitize and may lead to cross-reactivity to local anaesthetics, textile dyes and black
rubber **'*"'% Median age of first hair dye was 12 years among the hairdressing apprentices and
the 1-year prevalence of hair dye use was 95.2%; for comparison, 52.3% of the skilled hairdressers
in Copenhagen had dyed their hair within the last year *'. In this study 13.7% of those hairdressing
apprentices who had ever dyed their hair reported eczematous reactions from this private use of hair
dye. This is in accordance with the more extensive use and is significantly more than among the
matched control group (10.0 %, p=0.002) when adjusted for atopic dermatitis. In a previous study
the prevalence of eczematous reactions in relation to hair dye in the general adult population in
Denmark has been estimated to 4.9%, and several patch test studies have estimated the prevalence
of allergy to hair dye ingredients to 0.1-4.0% in the general population '*"'%*3%13! These results
indicate a possible increase in exposure to and incidence of hair dye allergy in the younger
generations.

Since the 1980s, ear piercings have been popular, and in the last decade body piercings have
become increasingly widespread. The positive correlation between piercings and nickel allergy has
been shown in several studies **'**, Despite the EU Nickel Directive (1994/27/EC) 14 nickel
allergy is still frequent, also among hairdressers in Denmark >>'**. The frequency of piercings was
high both among the hairdressing apprentices and the matched controls, although significantly more
hairdressing apprentices were pierced in the ears and other parts of the body than were members of
the matched control group. About one third of both cohorts had experienced dermatitis from
metallic items, which correlates well with results on nickel allergy and nickel dermatitis in a
population of young women in Denmark who had had their ears pierced after the introduction of the
nickel regulation in 1990 '**,

Otherwise, the matched control group reported significantly more skin reactions to jewellery,
perfume and perfumed deodorant. These results point towards a deselecting of persons with a rash
from perfumed products and jewellery, as has been shown with eczematous diseases >, at the time
of entry to the hairdressing schools.
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Hairdressing apprentices seem to be a special subgroup of their generation, who may require special
attention and care to avoid severe skin problems.

6.1.2 Study Part Il, Manuscripts 111 and IV

6.1.2.1 Validation of self-reported hand eczema

In large epidemiological studies it is necessary to base measurement of actual hand eczema on self-
reported hand eczema, both current and previous. Clinical examination allows for more exact
assessment but limits the number of participants. Self-reported hand eczema is expected to be of
varying validity in different occupational settings, age groups and geographical area, as previous
validation studies have shown some variation in results **”'*®, Self-reported hand eczema has not
previously been validated in a population of hairdressers, hairdressing apprentices or in a Danish
cohort. Validity is defined as lack of systematic error and can be divided into internal and external
validity '"°. In this study the internal validity was measured to demonstrate any systematic errors in
measuring hand eczema in the cohort.

This study demonstrates a fairly good sensitivity and a very high specificity at inclusion, the o
follow-up and all together (Table 8). The sensitivity increased from 64.7% to 75% during the study,
but the specificity and the predictive values were equally high on both occasions. The positive and
negative predictive values are probably the most valuable measures in evaluating a questionnaire
but also depend on the population and the prevalence of disease in this population. These results
indicate that self-reported hand eczema is a valid method to estimate the point prevalence of hand
eczema among Danish hairdressing apprentices, although it may underestimate the true prevalence
due to the sensitivity of 70.3%. In the cohort of hairdressing apprentices, 96.3% of the cases with
self-reported hand eczema were confirmed by the clinical examination (positive predictive value).
Of the apprentices who reported no hand eczema, the clinical diagnosis was established in only
1.4% (11 of 737). When comparing data published on validation of self-reported hand eczema, it
seems that point prevalence is easier to survey than 1-year prevalence using questionnaires ™.
Considering hand eczema is a disease with great variation due to exposure and seasonal variation,
discontinuous course and long duration, the 1-year prevalence is often of greater interest.

Our results are in good agreement with the study of Yngveson et al, who evaluated self-reported
point prevalence of hand eczema in a cohort of adolescents in Sweden *’. This indicates that young
people could be aware of changes in their health status. Our impression is that the false-negative
answers were given mainly by apprentices with mild symptoms of hand eczema or by apprentices
with moderate hand eczema in a “good” period with fewer symptoms. The range of HECSI score in
persons with false-negative answers was 1-7 points, considered to be mild symptoms.

6.1.2.2 Change of behaviour due to intervention

The main outcome of the intervention was the frequency of protective glove use, the amount of wet
work and the incidence of hand eczema in the cohort. The overall goal in change of behaviour was
to increase the use of gloves in specific procedures and to decrease the time with wet hands during
work.

When analyzing the overall time with glove use, the chi-square for trend shows that the apprentices
from the intervention group wore gloves for more hours per day than did the control group
(P=0.002). A relatively high percentage of apprentices from the intervention group wore gloves
when shampooing customers’ hair (70.7%) compared with apprentices from the control group
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(46.3%) at the schools (P<0.001). When working in the salons, the use of gloves when shampooing
hair decreased to 48.9% versus 29.6 % (P=0.001) respectively. When applying hair dye to
customers’ hair, virtually all apprentices from both groups used gloves both at the school and in the
salons (97.8% versus 98.5% in the salons, P=0.6) (Table 10). For comparison, 90.2% of Australian
hairdressing apprentices used gloves when dying customers’ hair, while only 6.3% wore gloves
when shampooing hair "’ In the UK, similar results have been found: 9% of apprentices wore
gloves when shampooing and approximately 95% when dying hair'*®, and in a German study,
18.5% of hairdressing apprentices wore gloves regularly when shampooing and 87.1% when
colouring hair '*°. These results indicate that certain preventive strategies focusing on glove use in
wet-work procedures have already been implemented at vocational schools in Denmark. In both
Denmark and other countries, glove wearing seems to be generally accepted and adopted when
applying hair dye. The results from the present study indicate difficulties in maintaining the good
behaviour in the salons, probably because salons are busier, and because the salon owners have
diverging attitudes towards glove use.

It is widely accepted that exposure to wet work for two hours or more is a risk factor for irritant
contact dermatitis *°. More than half of all apprentices , but fewer of the apprentices in the
intervention group reported wet hands for two hours or more per day compared with the control
group (P=0.004) while working in the salons (Table 12). A German study found that hairdressers,
assessed by observation, were exposed to wet work, defined as wet hands or wearing protective
gloves, for an average of 2 hours and 17 minutes in an 8-hour shift ®. The duration of wet work
seems to be difficult to estimate in questionnaires. Jungerbauer et al showed that duration of wet
work was overestimated by a factor two compared with the duration assessed by observation in a
cohort of nurses *°. Based on these observations, duration of wet work should be interpreted with
caution.

6.1.2.3 Incidence of hand eczema

The intervention group reported significantly less hand eczema compared with the control group.
During the 18-month study period, the apprentices, including dropouts, reported an incidence of
hand eczema of 19.4% (intervention group) versus 28.3% (control group) (P=0.04). The odds ratio
for developing hand eczema during the study period was 1.65 being in the control group instead of
the intervention group (Table 13). The incidence of hand eczema in the control group correlates
well with other studies on occupational hand eczema among hairdressing apprentices. In several
studies the lifetime prevalence of hand eczema of hairdressing apprentices has been estimated to
27.2%—58% *7*%*%% n Germany Uter et al found an incidence of hand eczema in a prospectively
followed cohort of hairdressing apprentices of 43.3% over three years **. For comparison the 1-year
prevalence of hand eczema in the general population of young people is estimated to be 9—10 %
227 Uter et al also found that hand eczema was the reason for leaving the education in 30.1% of
dropouts ***_ In this study hand eczema as the main reason of changing career was approximately
10%.

During the study the intervention group spent on average significantly more weeks in the salons,
and thereby under high exposure conditions, and shorter time at the schools. This could move the
results towards a higher incidence of hand eczema in the intervention group, thereby impairing the
outcome of the intervention. In addition, significantly more apprentices from the intervention group
were examined in the salons at the 2™ follow-up. This could increase the point prevalence in the
group as they typically experience flare up of their symptoms under high exposure conditions.
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This study is one of the few intervention studies to date focusing on primary prevention of hand
eczema. The main focus of the intervention was evidence-based education including: a skin
protection programme, optimizing of workplace procedures, practical training etc, with a high
involvement from dedicated supervisors. All levels of the organization involved in educating
hairdressers in Denmark were informed and took part in the process: the Danish Hairdressers’ and
Beauticians’ Union, the schools’ heads, teachers and apprentices. The approach chosen in this study
was based on previous intervention studies with a substantial effect on the prevalence of hand
eczema in other occupational settings.

This study included many vocational schools and an even greater number of small hairdressing
salons situated throughout the country. This setup was a challenge in spreading and maintaining the
intervention, especially in the periods where the apprentices worked in the salons. When working
with primary prevention in an educational setting, it is important to start the intervention at an early
stage and to repeat the main messages from time to time. Already at the 1* follow-up, an increasing
number of the apprentices from the control group reported hand eczema, indicating a rapid
development.

Despite the healthy worker effect found in Study Part I, a substantial number of apprentices in the
cohort developed hand eczema.

6.1.2.4 Risk factors for hand eczema

According to the logistic regression model, the main risk factor for hand eczema in the cohort was
atopic dermatitis, despite intervention (Table 14). The role of atopic dermatitis as a risk factor for
developing hand eczema in high-risk occupations is under debate **~°*, although the majority of
studies on occupational hand eczema verify atopic dermatitis as a risk factor. Wet hands for two
hours or more per day was not a risk factor for hand eczema in the cohort. As previously discussed,
assessment of wet work is associated with certain unreliability and the result should be interpreted
with caution.

6.2 Methodological considerations, Manuscripts I - 1V

6.2.1 Study design

This study was a clinically controlled, prospective intervention study. The design has both strengths
and limitations. The limitations were mainly due to it being non-randomized and non-blinded.

Non-blinded: The study was neither blinded to the apprentices nor the investigator due to practical
and logistic reasons. All participating apprentices completed the questionnaires and were examined
for hand eczema three times. It is possible that they were aware of the result from the previous
examinations. This could have affected the self-reported diagnosis and would thereby improve the
results of the validation of self-reported hand eczema at the 2™ follow-up. To minimize this
eventual influence from former examinations, the apprentices were instructed to answer the
questions according to their own experiences. As seen in Table 7, the apprentices were fairly good
at predicting eventual hand eczema, both at the inclusion and at the 2™ follow-up, with no major
differences between the two occasions. The apprentices were also aware of which group they
belonged to (intervention or control). It could be assumed that the apprentices from the intervention
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group were more likely to report hand eczema as they had received the special training with focus
on signs and symptoms of hand eczema.

The non-blinded investigator was not aware of the results of the questionnaires until after
completing the clinical examinations. Good correlation was obtained between questionnaire
answers and clinical examinations.

Non-randomized: The non-randomized design was chosen due to practical considerations, primarily
as some schools were already planning or conducting education concerning preventive measures. In
addition, a distribution of the schools according to school size and geographical location was
considered. One of the benefits of a randomized design is that it diminishes confounding, whereas
the disadvantages are difficulties in recruiting participants, disparities between the “real world” and
the trial population and that participants prefer to be in the intervention group, which brings the risk
of withdrawing from the trial if they are allocated to treatment as usual ' '*'*’. It is important in
clinical trials that the outcome of the intervention group is compared with the outcome of a control
group that is similar on baseline data and possible confounders.

The strengths of this study design were the control group, which did not differ from the intervention
group in any of the important demographic parameters including already existing risk factors such
as atopic dermatitis and previous hand eczema, the prospective collection of data with a relatively
long follow-up period and that all apprentices were clinically examined for hand eczema, allowing
the questionnaire answers to be successfully validated in the cohort.

6.2.2 Study population

This study comprised all new hairdressing apprentices over a 1-year period in Denmark. The only
inclusion criteria were that the participants had just started their education and were willing to
participate in three follow-ups. The only exclusion criteria were change of school from intervention
school to control school or vice versa, change from school apprenticeship to salon apprenticeship,
and finally if the apprentices were not able to qualify for an apprenticeship either in a salon or at the
school and were therfore not able to continue their education. This study set-up reflects real life
without any concern regarding age, sex, ethnicity etc.

Matched control group at inclusion: Only a few studies present data on younger generations, and
then only on eczematous diseases “**’. No previous studies present data on personal exposures and
skin reactions among adolescents. In cross-sectional studies, such as Study Part I, it is important to
have a reference group for comparison of data to draw any reliable conclusions. In this study the
matched control group is an advantage as it takes into account both the young age and the
predominance of females in the cohort of hairdressing apprentices.

Selection bias: Study Part I showed that the hairdressing apprentices were a specially selected group
with a ‘healthy worker effect’” and a different pattern of personal exposure. Within the cohort,
selection bias is noticeable reduced due to the limited inclusion and exclusion criteria. The
participation rate among the hairdressing apprentices was high at inclusion and the 1% and 2™
follow-up (91.6-99.8%), which also reduces any selection bias. In the matched control group, a
satisfactory response rate of 68.3% was obtained at inclusion and, similarly, a high response rate of
74% was obtained among the dropouts.
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Dropout analysis of the matched control group in Study Part I detected a slight difference regarding
age and sex distribution between the respondents and non-respondents. Persons of female sex and
younger age were more likely to respond to the questionnaire. Persons with special interest in hair
dye exposures and experiences with skin reactions and eczematous diseases may be more likely to
participate. The absolute values of previous eczematous diseases, personal exposure and skin
reactions may be biased towards higher frequencies in the matched control group.

The non-respondents among the dropouts did not differ from the respondents regarding age and sex
distribution. Most of the responses from the dropouts were obtained by telephone. All those
contacted by telephone answered the questions asked, which reduced the selection bias. Of those
who had the questionnaire sent, apprentices with hand eczema may have been more likely to
respond, and the results may be biased towards a higher frequency of hand eczema among dropouts.

Confounding: The reference group at inclusion was matched on age, sex and geographical
distribution to minimize any confounding effect of these parameters. No differences in age, sex,
atopic dermatitis or previous hand eczema were detected between the intervention and control
group at baseline in the follow-up study. Other possible confounding effects, for example, filaggrin
null mutations, were not measured and may have differed between the intervention and the control

group.

Several studies have shown that seasonal variation and air humidity, in terms of low temperature
and low absolute humidity, have an influence on the development of irritant hand eczema. It is
expected that the frequency of hand eczema is higher during the winter time '°"*'*!. This possible
confounder was reduced in Study Part I as no subjects (neither the apprentices nor the reference
group) completed the questionnaire during the winter. A potential overestimation of point
prevalence of hand eczema in any of the groups was thereby minimized. In the follow-up study the
clinical controls for both the intervention and the control group were distributed over different
seasons, including both winter and summer seasons. That may have contributed to a confounding
effect.

6.2.3 Validity of questions

The outcome of this study was based on self-reports. The main outcome was development of hand
eczema during training. In epidemiological studies hand eczema has traditionally been measured as
self-diagnosed, as symptom-based hand eczema has lower predictive values **. The question
concerning self-reported hand eczema was validated in the cohort, using the clinical examination as
the golden standard ''2. This makes the self-reported prevalence of hand eczema in this study design
a valid method, with a sensitivity of 70.3%, a specificity of 99.8%, and high predictive values. The
questions used and validated were adapted from NOSQ-2002 and based on previous validation
studies concerning current hand eczema in different occupational settings and geographical areas
21838587102 s study was based on a relatively large number of subjects. We examined 501
persons and had 764 sets of clinical examinations and questionnaires. All participants completed the
questionnaire before the clinical examination, and they were all examined on the same day that they
completed the questionnaire. Hand eczema can change manifestation over a relatively short period,
and a lag time between the self-reported hand eczema and the clinical examinations could have
influenced the results. This potential bias was eliminated in the present study design.

45



The UK Working Party’s diagnostic criteria were used to assess the occurrence of atopic dermatitis
in the cohort. It was possible to fulfil all minor criteria as all participating apprentices were
clinically examined for flexural eczema at inclusion. The UK Working Party’s diagnostic criteria
have been validated both in adult and child populations as well as in hospital setting and in general
populations "% Validation of the criteria showed that they worked well with a sensitivity of 80%
and a specificity of 97% in a population setting. Alternative ways to assess atopic dermatitis could
be by asking “Have you ever suffered from childhood eczema?”, but the validity of this question
was reduced to a sensitivity of 90% and a specificity of 71% '**.

Questions on personal exposures and reactions were adapted from other large epidemiological
studies, but were not validated. Questions concerning specific hairdressing procedures were
developed for the study and tested in a pilot test.

6.2.4 Bias in connection with questionnaires

Information bias: When collecting information on exposures and effects in questionnaires there is
always a risk of information bias as some effect measures are subjective. In the process of
constructing and validating the questionnaires attempts were made to minimize information bias.
People with a particular disease are more likely to report certain exposures, for instance, simply
because they are more aware of them ''°. Conversely, in this study it could have been that new
hairdressing apprentices underreported previous or present hand eczema as they were probably
aware that it could increase their risk for hand eczema in relation to the education.

Recall bias: Recall is the ability to address retrospective information. Recall bias is a general
problem but is suspected to increase with age. As all participants in this study were young, we
expected to reduce recall bias, thereby giving a more precise result than studies in the general adult
population. It must be assumed that an adolescent can remember more precisely at what age he or
she had his or her first hair dye compared with an adult. It may be suspected that apprentices from
the intervention group were more aware of exposures and disease because of their training and,
accordingly, had better recall than the control group did. This may be a differential recall bias and
may lead to overestimation of, for example, development of hand eczema in the intervention group.

6.2.5 Definitions

The definition of wet work does not correlate with the generally accepted definition %%, Wet
work in this study covered only wet hands for two hours or more per work day and did not cover
number of hand washes or time spent wearing protective gloves. Glove use in specific hairdressing
procedures was a part of the intervention, and the apprentices were encouraged to use gloves for all
wet-work procedures and procedures involving chemicals. Our definition of wet work may have
influenced the results towards less wet work than if all the generally accepted criteria had been
used. In this study glove use was considered positive, but it limits the possibility of comparing the
results with other studies that defined wet work the generally accepted way.

Glove use in specific hairdressing procedures was defined as procedures where gloves were used
every time. This is considered a more precise estimate than ‘most of the time’ or ‘regularly’ and is
expected to diminish information bias.

Black henna tattoo was defined as a temporary tattoo painted on the skin and lasting for 2—3 weeks,

and often applied while on vacation or attending music festivals. This very specific definition was
given to diminish confusion with a traditional tattoo and thereby reduce information bias.
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6.2.6 Clinical examinations

The clinical examination was done using the HECSI scoring system, which is a validated scoring
system developed for objective assessment of the clinical severity of hand eczema. Validation of
HECSI was carried out by 12 dermatologists grading twice the hand eczema of 15 patients. A high
reliability was found with an overall intra-class correlation coefficient for absolute intra-observer
agreement of 0.90 and an intra-class correlation coefficient for total HECSI score across the group
of dermatologists of 0.84, indicating an overall good inter- and intra-observer reliability. The
highest agreement was found for scaling and erythema and the most difficult signs to assess were
oedema and vesicles **. HECSI contains a number of specific signs of hand eczema (erythema,
infiltration, vesicles, fissures, scaling and oedema), which does not eliminate but minimizes the
confusion with other dermatoses (psoriasis, tinea infections, pustolosis palmo-plantaris etc). HECSI
is based on clinical signs only and does not consider subjective impacts such as pruritus, soreness,
functional impairment or quality of life. These parameters are important issues for patients with
hand eczema; however, it is problematic to combine objective scales with subjective patient-rated
scales '*'**. As HECSI contains very specific signs and grades of the severity, it is possible to
diagnose even mild cases of hand eczema. This is an advantage in this study as most of the
hairdressing apprentices with hand eczema had mild symptoms. The range of HECSI scores in this
study was 1-31, with a mean score of 5.7 at inclusion and 8.4 at the 2™ follow-up. No clear
definition of the range of mild, moderate and severe hand eczema exists, but in a previous study on
patients with hand eczema referred to dermatological clinics, mild cases were defined as HECSI
score 0—11 points, moderate cases as score 12-27 points and severe cases as score > 28 points >°.

As most of the clinical examinations were done during school periods and thereby under low
exposure conditions, most of the apprentices affected by hand eczema were in a stage of recovery
and only mild or no hand eczema was present.

All clinical examinations were performed by one observer, which excludes any observer bias.
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7 CONCLUSION

The following main conclusions have been drawn from this thesis regarding prevention of
occupational hand eczema among Danish hairdressing apprentices:

Study Part I. Manuscript I:

e Hairdressing apprentices report less previous or present hand eczema, eczema on wrists or
forearms and atopic dermatitis at the time they begin their education compared with a
matched control group from the general population. A healthy worker effect was found
among the Danish hairdressing apprentices.

Study Part I. Manuscript II:

e Hairdressing apprentices have exposed themselves to potential allergens to a higher extent at
the time they begin their education than has a matched control group from the general
population.

e Hairdressing apprentices report more skin reactions to hair dyes, black henna tattoos,
eyebrow dye and piercings at the time they begin their education compared with a matched
control group from the general population.

Study Part II, Manuscript I11:

e Self-reported hand eczema among hairdressing apprentices is a valid method to estimate the
point prevalence of hand eczema as good agreement between self-reported hand eczema and
clinical examination was found.

Study Part II, Manuscript [V:

e Evidence-based education is an effective approach in prevention of occupational hand
eczema among hairdressing apprentices. We recommend offering hairdressing apprentices
more education.

e Atopic dermatitis is a risk factor for development of occupational hand eczema among
hairdressing apprentices, despite intervention.
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8 PERSPECTIVES AND FUTURE STUDIES

This thesis verifies that it is possible with evidence-based education to improve the use of personal
protective measures and to reduce the incidence of occupational hand eczema in hairdressing
apprentices. This is an inexpensive and fairly easy way to prevent a disease that has a substantial
impact on the individual and on society.

To secure the health of the future hairdressing apprentices in Denmark in the best possible way,
implementation of the education programme in all Danish vocational schools is in progress. In
addition, further education of salon owners in corporation with the Danish Hairdressers’ and
Beauticians’ Union is being discussed. The salon owners have a significant influence on the
apprentices and have shown to be an important link to the continuation of good occupational
behaviour in terms of glove use etc. Lastly, education of the Danish Working Environment
Authority is needed and is planned through dialogue.

This study demonstrates the ability to improve the working conditions of the hairdressing
apprentices in terms of reducing the amount of wet work and increasing the use of personal
protective measures within the study period of 18 months. It would be of great interest to evaluate
any long-term effect of the intervention. A future study could be a 5-year follow-up of the cohort.

Improvement of individual career guidance is needed, both prior to education and when affected by
occupational hand eczema. Prognostic factors for staying in the profession even when affected by
hand eczema are poorly enlightened. Studies on prognosis among hairdressers regarding irritant or
allergic hand eczema, and ultimately on the presence of specific allergens, would be of great
interest.

Recently, attention has been directed towards the role of filaggrin null mutations as a risk factor for
hand eczema. It would be of relevance to measure these mutations in the cohort of hairdressing
apprentices as they may influence the risk of severe skin problems and make early intervention
necessary. It is suspected that this mutation is overrepresented in patients with atopic dermatitis and
irritant hand eczema **>*!1%.

Finally, continuation of improving the hairdressers’ work environment and keeping this subject on
the agenda politically, in the trade unions and in a scientific perspective is of great importance.
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Summary

Background. Hairdressers and hairdressing apprentices have a high incidence of

occupational hand eczema, owing to excessive wet work and exposure to chemical
substances. Hairdressing apprentices, in particular, seem to be at high risk of developing
hand eczema. Previous hand eczema and atopic dermatitis are known risk factors for the
development of hand eczema in wet work occupations.

Objectives. To estimate the prevalence of hand eczema, eczema on wrists or forearms
and atopic dermatitisin a cohort of hairdressing apprentices at the start of their education,
and subsequently evaluate any potential healthy worker effect.

Methods. During the first 2 weeks of training, 382 hairdressing apprentices were
enrolled in this study. All apprentices completed a self-administered questionnaire,
including previously validated questions regarding, for example, previous and present
hand eczema, eczema on the wrists or forearms, and atopic dermatitis. For comparison,
the questionnaire was sent to a control group matched for age, gender and city code from
the general population (n = 1870).

Results. Response rates were 99.7% for the hairdressing apprentices (mean age
17.5 years, range 15—-39 years, 96.3% females) and 68.3% for the control group (mean
age 17.4 years, range 15—-39 years, 96.8% females). Previous or present hand eczema
were reported by 8.0% of hairdressing apprentices and by 12.5% of the matched control
group (p = 0.009), and eczema on the wrists or forearms was reported by 5.3% of
the apprentices and by 11.9% of the controls (p < 0.001). We classified 21.4% of
the hairdressing apprentices as having atopic dermatitis versus 29.8% of the matched

control group (p = 0.001).

Conclusions. These results indicate a healthy worker effect, as there was a lower
reported incidence of hand eczema and eczema on wrists or forearms, and there were
fewer cases classified as having atopic dermatitis, among hairdressing apprentices than
in a matched control group from the general population.
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Hairdressers and hairdressing apprentices have a high
incidence of both allergic and irritant occupational hand
eczema, owing to excessive wet work and exposure
to chemical substances, such as ingredients in hair
dye, bleaching products, and permanent wave solu-
tions (1—-5). Hairdressing apprentices seem to be at
particularly high risk of developing hand eczema (6—10),
probably because they often perform the shampooing,
and application and rinsing-off of chemicals, in the salons.
The incidence of hand eczema in hairdressing apprentices
was, in a previous study, estimated to be 35% in a 2-year
period (11). Additionally, a relatively high proportion of
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the apprentices in a German study who dropped out
of training schools stated that skin problems were the
main reason for this (8, 9). For comparison, the 1-year
prevalence of hand eczema in the general population
is estimated to be 7—11% both in the adult population
and among younger people (12—15). Histories of hand
eczema and atopic dermatitis are known risk factors for
the development of hand eczema in wet work occupa-
tions (16—21). A Swedish study showed that atopic der-
matitis in childhood did not influence the choice of career,
but had a significant influence on job change and tripled
therisk of developing hand eczema in future work life (16).
To our knowledge, only the work of Uter et al. (7—9) has
previously investigated the degree of atopic dermatitis
and hand eczema among hairdressing apprentices at the
beginning of their career, although they did not include
a matched control group from the general population.
Therefore, a possible selection of hairdressing apprentices
because of skin disorders has not been evaluated, as no
comparison with the general population was made.

The aim of this study was to estimate the prevalence
of hand eczema, eczema on the wrists or forearms and
atopic dermatitis among hairdressing apprentices at the
time when they enter the training schools. On the basis
of these results, we evaluated a potential healthy worker
effect.

Materials and Methods

We conducted a questionnaire study among hairdress-
ing apprentices and, for comparison, among a matched
control group from the general population.

Study population

During the first 2 weeks of their education, the hairdress-
ing apprentices were enrolled in a follow-up study on
occupational hand eczema. The enrolment took place
in two phases: in August 2008 (n = 382) and in Jan-
uary 2009 (n = 120). The data presented include results
from the first of the two enrolments of the hairdressing
apprentices (n = 382) and from a matched control group
(n = 1870). The apprentices were recruited from all 10
hairdressing schools in Denmark, and all new appren-
tices present on the day of the inclusion were invited
to participate in the study. All apprentices completed a
self-administered questionnaire.

All apprentices gave informed consent, and the Com-
mittee on Biomedical Research Ethics of Copenhagen and
Frederiksberg approved the protocol (H-B-2007-096).
The study was conducted from August 2008 to March
2009.

© 2011 John Wiley & Sons A/S e Contact Dermatitis, 64, 80—84

HAIRDRESSING APPRENTICES e BREGNHOJ ET AL.

Matched control group

For comparison, the questionnaire was sent to a matched
control group from the general population. Matching
was performed with the social security number, a unique
identifier that all Danes have from birth. Each apprentice
enrolled in August 2008, except for 8 with invalid social
security numbers (n = 374), was matched to 5 controls
(n = 1870). Matching was based on age, gender, and city
code.

The questionnaire

Questions concerning a history of hand eczema, e.g.
time of onset and symptoms during the last 12 months,
were previously validated and adapted from the Nordic
Occupational Skin Questionnaire (NOSQ-2002) (22). The
following questions were asked: ‘Have you ever had hand
eczema?’, ‘Have you ever had eczema on your wrists or
forearms?’, and ‘When did you last have eczema on your
hands, wrists or forearms?” Atopic dermatitis was defined
according to the UK Working Party’s diagnostic criteria.
These criteria include five questions concerning specific
characteristics of atopic dermatitis, based on the Hanifin
and Rajka criteria (23). To obtain the diagnosis of atopic
dermatitis, one has to fulfil one major criterion (‘Have you
ever had an itchy skin condition?’) and two of four minor
criteria (flexural, neck or facial involvement, age of onset
below 2 years, personal history of asthma or hay fever,
and a history of a generally dry skin) (24—26).

The development of the questionnaire included a pilot
test with 25 hairdressing apprentices and 5 young people
not involved in the hairdressing trade.

Statistical analysis

For analysis of a matched dataset, the preferable method
is conditional logistic regression. In this analysis, Cox
regression was used as conditional logistic regression for
comparison of hand eczema, eczema on wrists or forearms
and atopic dermatitis in the two cohorts. A p-value <0.05
was considered to be significant.

All statistical analyses were performed with spss (SPSS,
Chicago, IL, USA) for Windows (Release 17.0).

Results

The study population comprised 374 hairdressing appren-
tices recruited from 10 training schools in Denmark; each
school provided from 8 to 103 subjects. The participa-
tion rate was 99.7% (374 of 375 hairdresser apprentices
present on the day of inclusion). The response rate of the
matched controls was 68.3% (1277 of 1870 completed
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Table 1. Self-reported hand eczema and eczema on wrists or
forearms

Hairdressing Controls
apprentices (n=1277),
(n =374), % (no.) % (no.) P
Hand eczema
Point prevalence 1.1(4) 3.6 (46) 0.008
1-year prevalence 5.9 (22) 8.7(111) 0.04
Lifetime prevalence 8.0 (30) 12.5 (159) 0.009
Eczema on wrists or forearms
Point prevalence 1.6 (6) 2.7 (35) 0.15
1-year prevalence 3.7 (14) 7.0 (90) 0.02
Lifetime prevalence 5.3 (20) 11.9 (149) <0.001
A4 (

Atopic dermatitis* 29.8 (381) 0.001

The hairdressing apprentices were all enrolled at the time when they
start their education at 10 different technical schools in Denmark.
The controls were matched to the hairdressing apprentices by age,
gender, and city code. Conditional logistic regression was used for
the matched comparison. P < 0.05 was considered to be significant.
*Atopic dermatitis is based on the UK Working Party’s diagnostic
criteria.

the questionnaire). Data collected from both cohorts are
shown in Table 1.

The mean age was 17.5 years (range 15—39 years) for
the apprentices and 17.4 years (range 15—39 years) for
the controls, and the median age was 17 years for both
groups. Both groups mainly consisted of females: 96.3%
of the apprentices and 96.9% of the controls.

In the matched control group, the responders were
slightly younger (mean age 17.4 years) than the non-
responders (mean age 17.8 years) (p = 0.02). Similarly,
there were fewer males among the responders (3.1%)
than among the non-responders (5.1%) (p = 0.04).

The hairdressing apprentices, at the start of their
education, reported significantly less hand eczema
and eczema on wrists and forearms, concerning both
lifetime and 1-year prevalence, than the matched
control group. Additionally, the hairdressing apprentices
were significantly less often classified as having atopic
dermatitis than the matched control group.

To a certain extent, the hairdressing apprentices were
already exposed to the work of hairdressers at the time
when started their education. Among the hairdressing
apprentices, 27.3% had been working in a hairdressing
salon, 20.3% within the last 6 months prior to the start of
their education. They had worked, on average, for 18.6 hr
per week for 10 months in hairdressing salons, mainly
cleaning the salon and shampooing the customers’ hair.

Discussion

The present study compares the prevalence of atopic der-
matitis, hand eczema and eczema on wrists and forearms
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in a cohort of hairdressing apprentices, who had just
started their education, with that among a matched con-
trol group from the general population. To our knowledge,
this is the first study to describe the potential healthy
worker effect in the hairdressing trade.

The main findings of the study show a significant
difference in the prevalence of hand eczema, eczema on
wrists and forearms and atopic dermatitis between the
two groups. The point prevalence of hand eczema for
the apprentices was 1.1%, as compared with 3.6% for
the controls (p = 0.008), and the 1-year prevalence was
5.9%, as compared with 8.7% (p = 0.04). A significant
difference was also found for atopic dermatitis.

These results indicate a healthy worker effect in the
hairdressing trade in Denmark. There is an ongoing
debate, both in public and among professionals, con-
cerning the risk of skin diseases in wet work occupations.
It is expected that career guidance will be carried out
by general practitioners, dermatologists and healthcare
professionals at the primary schools among young peo-
ple consulting them because of hand eczema or atopic
dermatitis. This could explain why the hairdressing
apprentices have fewer skin symptoms than the matched
control group from the general population.

A previous study among teenagers from the general
population estimated the 1-year prevalence of hand
eczema to be approximately 10% (14), which is in
good agreement with the results from the matched
control group in this study. The prevalence of atopic
dermatitis in both cohorts in this study is relatively
high as compared with studies in the general population.
Numerous studies have estimated the prevalence of atopic
dermatitis in the general population to be between 15%
and 24% (13, 27-29). The relatively high prevalence of
atopic dermatitis found in this study could be attributable
to the high proportion of females. A sex difference in
atopic dermatitis, with a female predominance, has been
described in several studies (13, 28, 30, 31). Additionally,
the young age of the participants could reduce recall bias,
and thereby give a more precise result than studies in the
general adult population.

Only afew studies have reported the prevalence ofhand
eczema in adolescence. In this study, the matched control
group is an advantage, as it takes both the young age and
the predominance of females in the cohort of hairdressing
apprentices into account. All hairdressing apprentices
were enrolled in August 2008, and the questionnaires
were sent to the matched control group during spring
20009. It is expected that people will have more hand
eczema during the winter (32, 33), but as no subjects
answered the questionnaire during the winter, this sea-
sonal variation, and thereby a potential overestimation of

© 2011 John Wiley & Sons A/S e Contact Dermatitis, 64, 80—84



the difference in point prevalence of hand eczema, is min-
imized. The response rate was high in both cohorts. The
cohort of hairdressing apprentices is already, to a certain
extent, subjected to the specific exposures of hairdressers,
which might lead to an increased risk of occupational
skin diseases even before they start their education, and
thereby contribute to the selection of those who choose to
start at the training school. The results are based on self-
administered questionnaires, which, although validated,
have some limitations. It is possible that the newly started
hairdressing apprentices will underreport skin problems,
and participation of the controls might be higher among
those with a skin disease. This could possibly lead to an
increase in the differences between the two groups.

In conclusion, hairdressing apprentices report less
hand eczema and eczema on the wrists or forearms,
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Summary

Background. Early and extensive exposures to chemical substances such as are found
in hair dyes, perfumes and nickel are known risk factors for allergic reactions. Hairdressing
apprentices belong to a high-risk group, as they are exposed both occupationally and
personally.

Objectives. To estimate the degree of exposure and adverse skin reactions to chemical
substances in a cohort of hairdressing apprentices, at the start of their education, as
compared with a matched sample from the general population.

Materials. During their first 2 weeks of training, 382 hairdressing apprentices were
enrolled in this study. All apprentices completed a self-administered questionnaire
that included questions regarding, for example, exposures and skin reactions to hair dye,
perfumed products, and piercings. For comparison, the questionnaire was sent to a control
group from the general population, matched on age, sex, and postal code (n = 1870).
Results. Within the previous year, 95.2% of hairdressing apprentices and 66.9% of
the control group had dyed their hair (p < 0.001); the apprentices dyed their hair,
on average, 6.6 times per year, as compared with 3.7 times per year in the control
group (p < 0.001). The mean age of the first hair dying among the apprentices was
12.1 years, as compared with 13.3 years for the matched control group (p < 0.001). The
hairdressing apprentices reported more eczematous reactions to hair dye (p = 0.002)
than the controls. Semi-permanent so-called ‘black henna tattoos’ had been carried out
in 48.1% of the apprentices, as compared with 31.0% of the controls (p < 0.001).
Conclusions. Both hairdressing apprentices and the matched control group of young
people from the general population were highly exposed to potent allergens. The
hairdressing apprentices were even more exposed to products containing hair dye
substances and piercings, and reported more adverse reactions to hair dye products than
their matched controls from the general population.
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Early and extensive exposures to chemical substances
such as are found in hair dyes, perfumes and nickel are risk
factors for allergic reactions (1, 2). It has been shown that
hairdressers have a higher frequency of allergic reactions
to perfumes, hair-bleaching products and permanent
wave chemicals than the general population (3). Both
hairdressers and hairdressing apprentices are exposed
both professionally and personally, and belong to a high-
risk occupational group.
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Allergicreactions to hair dyesin the general population
and in hairdressers have been investigated in several stud-
ies (3—5). Information about how hairdressing appren-
tices and adolescents from the general population expose
themselves to hair dyes is missing. However, it is known
that hair dye products are used at early ages, and severe
allergic reactions in children have been reported (6). In a
Danish study from 2004, it was found that the average
age at first hair dye use in the general population was
16 years (5). Exposuresto hair dye chemicals are achieved
by the use of either hair dye or eyebrow/eyelashes dye (7).
In addition, semi-permanent so-called ‘black henna tat-
toos’, which have become popular among children,
teenagers, and adults, may contain hair dye ingredi-
ents (8). Several reports on exposure to semi-permanent
black henna tattoos and the development of severe allergic
reactions have been recently published (4, 9).

The aim of this study was to estimate the degree of
exposure and adverse skin reactions to potential allergens
in a cohort of hairdressing apprentices just starting their
education, as compared with a matched control group
from the general population.

Materials and Methods

We conducted a questionnaire study among hairdressing
apprentices and, for comparison, amatched control group
from the general population.

Study population

During the first 2 weeks of their education, the hairdress-
ing apprentices were enrolled in a follow-up study on occu-
pational hand eczema. The enrolment took place in two
phases: in August 2008 (n = 382) and in January 2009
(n = 120). The data presented include results from the
first of the two enrolments of the hairdressing apprentices
(n = 382) and a matched control group (n = 1870). All
apprentices completed a self-administered questionnaire.

All apprentices gave informed consent, and the
Committee on Biomedical Research Ethics of Copenhagen
and Frederiksberg approved the protocol (H-B-2007-
096). The study was conducted from August 2008 to
March 2009.

Matched control group

For comparison, the questionnaire was sent to a matched
control group from the general population. Matching
was performed with the social security number, a unique
identifier that all Danes have from birth. Each apprentice
enrolled in August 2008 (except for eight, because of
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invalid social security numbers) (n = 374), was matched
to five controls (n = 1870). Matching was based on age,
sex, and postal code.

Comparison of study population and matched control
group

The participation rate of the hairdressing apprentices
was 99.7% (374 of 375 hairdressing apprentices present
on the day of inclusion). The response rate of the
matched controls was 68.3% (1277 of 1870 completed
the questionnaire).

The mean age was 17.5 years (range 15-—39 years)
for the apprentices and 17.4 years (range 15-39 years)
for the controls; the median age was 17 years for both
groups. Both groups mainly consisted of females; 96.3%
of the apprentices and 96.9% of the controls were females.

In the matched control group, the responders were
slightly younger (mean age 17.4 years) than the non-
responders (mean age 17.8 years) (p = 0.02). Also, there
were fewer males among the responders (3.1%) than
among the non-responders (5.1%) (p = 0.04).

The questionnaire

Questions concerning exposures and adverse skin
reactions to hair dyes, semi-permanent black henna
tattoos, perfumed products and piercings were previously
validated and adapted from large epidemiological studies
in Denmark: SUSY (5) and the Copenhagen Allergy Study
questionnaires (10, 11) (see Appendix).

The development of the questionnaire included a pilot
test with 25 hairdressing apprentices and 5 young people
not in the hairdressing trade.

Statistical analysis

For analysis of a matched dataset, the preferable method
to use is a conditional logistic regression. In this analysis,
Cox regression was used as conditional logistic regression
for comparison of exposure and adverse skin reactions in
the two cohorts. A p-value <0.05 was considered to be
significant. All analyses of adverse skin reactions were
adjusted for atopic dermatitis.

All statistical analyses were performed with the
Statistical Products and Service Solutions package (SPSS,
Chicago, IL, USA) for Windows (Release 17.0).

Results

Data collected from both cohorts are compared in Table 1.
It was found that 98.4% ofthe hairdressing apprentices
and 82.2% of their controls had ever dyed their hair.

© 2011 John Wiley & Sons A/S e Contact Dermatitis, 64, 85—89
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Table 1. Self-reported exposures and reactions; comparison between newly started hairdressing apprentices and a matched control group

Hairdressing apprentices (n = 374) Controls (n = 1277) P

Hair dye

Lifetime prevalence, % (no.) 98.4 (368) 82.2 (1050) <0.001

One-year prevalence, % (no.) 95.2 (356) 66.9 (854) <0.001

Hair dyes per year 6.6 (1-30 times) 3.7 (1-30 times) <0.001

Age at first hair dye (years) 12.1(2-19) 13.3 (5-23) <0.001

Reaction to hair dye (eczematous), % (no.) 13.7 (50) 10.0 (105) 0.0022

Reaction to hair dye (oedema), % (no.) 4.9 (18) 2.9 (30) 0.0012
Eyebrow dye

Lifetime prevalence 62.0 (232) 32.5(415) <0.001

One-year prevalence, % (no.) 52.9 (198) 19.3 (246) <0.001

Eyebrow dye per year 3.8 (1-35 times) 3.1 (1-24 times) 0.007

Reaction to eyebrow dye (eczematous), % (no.) 3.9(9) 3.6 (15) 0.02°
Semi-permanent black henna tattoos

Lifetime prevalence, % (no.) 48.1 (180) 31.0 (396) <0.001

Age at first tattoo (years) 12.9 (4-32) 12.7 (3-22) 0.7

Reactions to tattoo, % (no.) 0.0 (0) 2.5(10) 0.12
Piercing

Ear piercing, % (no.) 96.8 (362) 92.1(1176) <0.001

Piercing in other places, % (no.) 65.0 (243) 35.1 (448) <0.001

Reactions to jewellery, % (no.) 29.9(112) 35.2 (449) 0.0022
Perfume rash

One-year prevalence, % (no.) 6.1(23) 11.3 (144) 0.0012

Lifetime prevalence, % (no.) 13.6 (51) 21.8 (278) <0.001°
Deodorant rash

One-year prevalence, % (no.) 8.6 (32) 11.4 (146) 0.0042

Lifetime prevalence, % (no.) 17.4 (65) 24.3 (310) 0.0012

The hairdressing apprentices were all enrolled at the time when they started their education at 10 different technical schools in Denmark.The
controls were matched with the hairdressing apprentices by age, sex, and postal code. Conditional logistic regression was used for the matched
comparison. p < 0.05 was considered to be significant. The results with the highest significance are in bold.

@ Adjusted for atopic dermatitis.

The median age at first hair dying was 12 years among
the hairdressing apprentices and 13 years among their
controls (Table 1).

In general, the hairdressing apprentices were more
exposed to hair dye, eyebrow and eyelash dye and
semi-permanent black henna tattoos at the time when
they started their education than the matched control
group. Significantly more hairdressing apprentices had
dyed their hair within the previous year (p < 0.001),
and the apprentices were younger at the time of their
first hair dye use (p < 0.001) (Fig. 1) and dyed their
hair more times per year (p < 0.001). The hairdress-
ing apprentices who, at some point, had dyed their hair
reported significantly more adverse skin reactions to hair
dye than members of the matched control group, after
adjustment for atopic dermatitis. Similarly, significantly
more hairdressing apprentices had dyed their eyebrow
and eyelashes and had had semi-permanent black henna
tattoos applied than members of the matched control
group.

© 2011 John Wiley & Sons A/S e Contact Dermatitis, 64, 85—89

Discussion

To our knowledge, this is the first study to describe
the exposures and adverse skin reactions to widely used
chemical substances among hairdressing apprentices at
the beginning of their education, as compared with a
matched control group from the general population.

As expected, the hairdressing apprentices are highly
exposed to products containing hair dye substances and
to piercings. Almost all new hairdressing apprentices had
dyed their hair at any time (98.4% of the apprentices
as compared with 82.2% of the controls, p < 0.001),
95.2% within the previous year. For comparison, 95.7%
of trained hairdressers in Copenhagen had dyed their hair
at any time, 52.3% within the previous year (4). The high
1-year prevalence among the apprentices may reflect
an interest in hairdressing prior to entering hairdressing
school. The apprentices had their first hair dye at the age
of 12 years on average, and some at the age of 2 years,
which is significantly earlier than the controls (Fig. 1). In
thisstudy, 13.7% of the hairdressing apprentices who had
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Fig. 1. Age at first hair dying in a cohort of Danish hairdressing
apprentices (n = 374) at the time when they started their
education, as compared with a cohort of Danish adolescents from
the general population, matched on age, sex, and city code

(n = 1277). The median age at time of first hair dying in the cohort
of hairdressing apprentices was 12 years, and that in the matched
cohort was 13 years (p < 0.001).

dyed their hair at any time reported eczematous reactions
following personal use of hair dyes, which is significantly
more than among the matched control group (10.0%,
p =0.002) after adjustment for atopic dermatitis. In a
previous study, the prevalence of eczematous reactions
in relation to hair dye in the general adult population
was estimated to be 4.9%, and several patch test studies
have estimated the prevalence of allergy to the hair dye
ingredients to be 0.1-4.0% in the general population (5,
11, 12). These results indicate an increase in exposure to
and incidence of hair dye allergy in younger people. As
hair dying is more fashionable among young people, at
least in the northern part of Europe (13), the young age
of the participants could reduce recall bias, and thereby
give more precise results in comparison with studies in
the general adult population.

In addition to hair dye, more hairdressing apprentices
used eyebrow/eyelash dye, and had had semi-permanent
black henna tattoos, which also might lead to sensitization
to hair dye, although some of these eczematous symptoms
might be caused by irritant reactions.

The hairdressing apprentices are more exposed to semi-
permanent black henna tattoos than the matched control
group, skilled hairdressers in Copenhagen, and the Dan-
ish adult population. Among the hairdressing apprentices
in this study, 48.1% have had a tattoo; in compari-
son, 38% of trained hairdressers in Copenhagen aged
18-24 years and 33.3% of Danish adult women aged
1824 years have had a temporary tattoo (4). A previous
study indicated increasing exposure to semi-permanent
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black henna tattoos in the general population (4), in
spite of the attention from both dermatologists and the
media concerning the risk of allergic reactions to these
temporary tattoos.

According to the data presented, both ear piercing
and body piercing are still popular. The positive
correlation between piercings and nickel allergy has
been shown in several studies (14, 15). Despite the
EU Nickel Directive (1994/27/EC)(16), nickel allergy is
still frequent, including among hairdressers in Denmark
(17). About one-third of both the apprentices and
the matched controls have experienced dermatitis from
metallicitems, which correlates well with results on nickel
allergy and nickel dermatitis in a population of young
women in Denmark who had their ears pierced after the
introduction of the nickel regulation in 1990 (14).

In contrast, the matched control group reported
significantly more skin reactions to jewellery, perfumes,
and perfumed deodorants. These results indicate that
persons who have had arash caused by perfumed products
and jewellery choose not to become hairdressers, as has
also been shown with eczematous diseases. In a previous
publication, we showed that the cohort of hairdressing
apprentices reported less previous or present hand eczema
and less atopic dermatitis at the time when they started
their education, than the matched control group (18).
This underlines the importance of adjusting for atopic
dermatitis in the analysis of adverse skin reactions. The
results are based on self-administered questionnaires,
which, although validated, have some limitations. It is
possible that the newly started hairdressing apprentices
are likely to under-report, for example, allergic problems,
whereas participation as controls might be higher among
those with allergic diseases. This could possibly lead to an
increase in the differences between the two groups.

In this study, a matched control group is an advantage,
as it takes both the young age and the predominance of
females among the hairdressing apprentices into account.

In conclusion, both cohorts are highly exposed to
potent allergens and frequently report adverse skin reac-
tions. Additionally, at the start of their education, the
hairdressing apprentices are more exposed to the aller-
gens investigated in this study, and report more adverse
skin reactions to products containing hair dyes than their
matched controls from the general population. Regula-
tion of exposure needs to be considered in order to prevent
primary sensitization and elicitations in those already sen-
sitized, with a special focus on younger people. Addition-
ally, these young people, and hairdressing apprentices in
particular, require information concerning the potential
risk of extensive exposure to chemical substances.
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Appendix

Questions concerning the use of hair dye were: ‘Have you
ever dyed your hair?’, ‘How old were you, the first time
you dyed your hair?’, ‘Have you dyed your hair during the
last 12 months, and how many times?’, ‘Have you ever
experienced redness, scaling and itching in your face,
ears, neck or scalp after dying your hair?’, and ‘Have you
ever experienced oedema of your face, scalp or around
your eyes, or ulceration in your scalp after dying your
hair?” Questions concerning the use of eyebrow or eye-
lash dye were: ‘Have you ever dyed your eyebrows or
eyelashes?’, ‘Have you dyed your eyebrows or eyelashes
during the last 12 months, and how many times?’, and
‘Have you ever experienced redness, scaling and itching
around your eyes after dying your eyebrows or eyelashes?’

Questions concerning exposures and reactions to
semi-permanent black tattoos were: ‘Have you ever had

© 2011 John Wiley & Sons A/S e Contact Dermatitis, 64, 85—89

a black henna tattoo (a temporary tattoo that is painted
on the skin and disappears after 2—3 weeks)?’, ‘How old
were you the first time you had a black henna tattoo?’,
and ‘Did you get eczema at the site where the tattoo was
painted?’

Questions concerning the prevalence of piercings and
reactions to jewellers were: ‘Have you ever had your ears
pierced?’, ‘Have you ever had piercings in other places on
your body?’, and ‘Have you ever had a rash from jean
buttons, metallic buckles or imitation jewellery (e.g. ear
rings, piercing jewellery)?’

Finally, two questions concerning rash after the use of
perfumed products were asked: ‘Have you ever had a rash
after the use of perfume (examples: eau de toilette, eau de
cologne, aftershave)?’, and ‘Have you ever had a rash in
your armpit after the use of perfumed deodorant?’.

89



Validation of self-reported hand eczema among Danish hairdressing apprentices

Bregnhgj A*, Sgsted H*, Menné T**, Johansen JD***

* Research Centre for Hairdressers and Beauticians, Department of Dermato-Allergology, Copenhagen
University Hospital Gentofte, DK-2900 Hellerup, Denmark.

** Department of Dermato-Allergology, Copenhagen University Hospital Gentofte, DK-2900
Hellerup, Denmark.

*** National Allergy Research Centre, Department of Dermato-Allergology, Copenhagen University
Hospital Gentofte, DK-2900 Hellerup, Denmark.

Corresponding author:

Anne Bregnhgj, MD

Research Centre for Hairdressers and Beauticians,

Department of Dermato-Allergology, Copenhagen University Hospital Gentofte
Niels Andersens vej 65, Dk-2900 Hellerup, Denmark

Email: annbre03@geh.regionh.dk

Phone: +45 3977 7305

Fax: +45 3977 7118



ABSTRACT

Background: Hairdressing apprentices have a high incidence of hand eczema. Most studies use self-
reported hand eczema as a cost-effective method to estimate the prevalence of hand eczema. No

validation studies on self-reported hand eczema among hairdressing apprentices exist.

Objectives: To evaluate the validity of self-reported hand eczema among Danish hairdressing

apprentices.

Methods: During the first two weeks of training 502 hairdressing apprentices were enrolled in this
study. All apprentices completed a self-administered questionnaire including questions regarding e.g.
current hand eczema, and they were all clinically examined for hand eczema three times during the
first part of their education by using the Hand Eczema Severity Index. The validity of self-reported

hand eczema was measured using the clinical examination as the golden standard.

Results: The sensitivity of self-reported hand eczema was 70.3 % and the specificity 99.8 %. The

positive predictive value 96.3 % and the negative predictive value 98.5 %.

Conclusions: We found good agreement between self-reported hand eczema and clinical examination.
There is a good sensitivity and a high specificity. Self-reported hand eczema among hairdressing
apprentices is considered a valid method to estimate the prevalence of hand eczema, although it might

underestimate the true prevalence.



INTRODUCTION

Hairdressers and hairdressing apprentices have a high prevalence of occupational hand eczema due to
excessive wet work and extensive exposure to chemical substances (1-5). Hairdressing apprentices
seem to be in a particular high risk of developing hand eczema (6-10). Several reports on occupational
hand eczema among hairdressers and hairdressing apprentices exists, although only a few studies have
reported the prevalence of hand eczema among hairdressing apprentices based on clinical

examinations (9).

Self-reported hand eczema is often used in epidemiological studies, as it is a cost-effective method to
estimate the prevalence of hand eczema. There is a need to establish the validity of this question used
in different populations and geographical areas, to be able to rely on self-reported hand eczema. There
might be differences in interpretation of the question in different occupational settings, age groups and

geographical areas.

To our knowledge self-reported hand eczema has not previously been validated in cohorts of
hairdressers or hairdressing apprentices. Validation studies has been carried out among other
occupations and other groups of students (11-16), but never in a Danish cohort. Fairly good agreement

between clinical examinations and self-reported hand eczema was found in these studies.

The aim of this study was to investigate whether the use of self-reported hand eczema among
hairdressing apprentices is a valid method to estimate the prevalence of hand eczema. The results
presented are a part of an intervention study on occupational hand eczema in a cohort of Danish
hairdressing apprentices, and will be used in future publications on the prevalence and incidence of

hand eczema during their training.

MATERIALS AND METHODS

We conducted a follow-up study among Danish hairdressing apprentices. Data presented are based on

self-administered questionnaires and clinical examinations.



Study population

During the first two weeks of their education 502 hairdressing apprentices were enrolled in a follow-up
study on occupational hand eczema. The enrollment took place in two phases; in August 2008 (n=
382) and in January 2009 (n=120).

During the first 1% year of their training all apprentices completed self-administered questionnaires
and had their hands examined for objective signs of hand eczema three times; at the time they started
their education, after approximately eight months and after approximately eighteen months. The
apprentices were recruited from all 10 hairdressing schools in Denmark, each school provided from 8
to 103 subjects. All newly started apprentices, present on the day of the inclusion, were invited to the
study. During the study the cohort experienced a number of dropouts and exclusions. Of the
apprentices included 113 had the opportunity to continue their education, but for different reasons
decided to change career (dropouts), and 105 apprentices were excluded during the study due to;
change of school (2 cases), change from school apprenticeship to salon apprenticeship (with no formal
school classes) (9 cases), and finally 94 cases were not able to achieve an apprenticeship either in a

saloon or at the school. In total 284 apprentices completed the study.

The mean age of the apprentices was 17.5 years and the majority was females (95.2 %). The
participation rate at inclusion was 99.8% (502 of 503 hairdresser apprentices present on the day of
inclusion). They all completed the questionnaire and only one apprentice did not have her hands
examined. At the 2. follow-up the participation rate was 99.6 % (283 of 284 hairdressing apprentices
still under education), they all completed the questionnaire, but in 21 of these cases we were not able

to make a clinical examination, mainly due to sick leave or vacations on the day of examination.

All apprentices gave informed consent and the Committee on Biomedical Research Ethics of
Copenhagen and Frederiksberg approved the protocol, H-B-2007-096. The study was conducted
from August 2008 — July 2010.

The questionnaire

Questions concerning hand eczema were adapted from the Nordic Occupational Skin Questionnaire
(NOSQ-2002)(17). At the inclusion and at the 2. follow-up, the following questions were asked: “Have
you ever had hand eczema?” (Yes / No), “Have you ever had eczema on your wrists or forearms?”
(Yes / No) and “When did you last have eczema on your hands, wrists or forearms?” (I have it now,

within the last 3 months, between 3 -12 months ago, more than 12 months ago). In the validation of



self-reported hand eczema cases who answered “I have it now” to the question: “When did you last

have eczema on your hands, wrists or forearms?” were considered in the calculations.
Clinical examination

Obijective signs and severity of hand eczema was assessed by a trained medical doctor (AB) using the
Hand Eczema Severity Index (HECSI), which is a validated scoring system determining the presence,
severity and localization of hand eczema (18). The HECSI scoring system is based on visible clinical
signs of hand eczema; erythema, infiltration, vesicles, fissures, scaling and oedema, in combination
with measurement of the area affected. The range of the HECSI score is 0 — 360, where 0 is no eczema
and 360 is most severe eczema. All apprentices were clinically examined on the same day as they
completed the questionnaire. They all answered the questionnaire prior to the clinical examination, and

therefore they did not know the result of the examination.
Statistical analysis

In order to evaluate the agreement between the self-reported diagnosis and the clinical examinations,
we calculated the sensitivity, specificity and positive and negative predictive values, using the clinical
examination as the golden standard. Confidence intervals for the overall sensitivity and specificity

were calculated.

The true prevalence of hand eczema, when the validation is taken into consideration, was calculated

from the following formula (19):
True prevalence = measured prevalence + (specificity — 1) / sensitivity + (specificity — 1)

The statistical analyses were performed using the Statistical Products and Service Solutions package
(SPSS Inc., Chicago, IL, USA) for Windows (Release 18.0).

RESULTS

In total 37 of the 764 clinical examinations were positive (with hand eczema) in the sense that the
HECSI value was above 0. More apprentices had clinical signs of hand eczema at the 2. follow-up
(n=20) than at the time of inclusion (n=17), and the hand eczema were more severe at the 2. follow-up.
See table 1 and 2 for details.



Validation of self-reported hand eczema in terms of sensitivity, specificity and predictive values at
inclusion, at the 2. follow-up and altogether are listed in table 3. The overall sensitivity is 70.3 % (95%
confidence interval: 0.55 — 0.85) and the specificity is 99.8% (95% confidence interval: 0.995 — 1.00),

when all questionnaire answers and clinical examinations are regarded.

The point prevalence of self-reported hand eczema at inclusion was 8.6 %, at the 1. follow-up 13.8 %
and at the 2. follow-up 24.7 % of the whole cohort. These data will be analyzed more in detail in a

future publication. The true prevalence of hand eczema is estimated to:

At inclusion: P =0.086 + (0.998 - 1) /0.703 + (0.998 -1) =0.12=12%

At the 1. follow-up: P =0.138 + (0.998 — 1) / 0.703 + (0.998 — 1) =0.194 =19.4 %
At the 2. follow-up: P =0.247 + (0.998 — 1) / 0.703 + (0.998 — 1) = 0.349 = 34.9 %

It was found that only one apprentice of the 27 (3.7 %) who stated in the questionnaire, that she had
current hand eczema, were not clinically diagnosed with hand eczema. This is classified as a false
positive. Moreover, 11 apprentices of the 737 (1.4 %) who stated no current hand eczema were

classified as false negative.

The incidence of self-reported hand eczema among dropouts were 21.4 % and hand eczema as the
main cause of changing career was stated by 10.7 % of the dropouts.

DISCUSSION

In this study, we evaluate the validity of self-reported hand eczema in a cohort of hairdressing
apprentices. This validation has been done based on self-administered questionnaires and clinical

examinations, with the clinical examination as the reference standard (golden standard).

We demonstrate a fairly good sensitivity and a very high specificity. When we look at each occasion
individually (see table 3), we can see that the apprentices” self-reported hand eczema corresponds well
with the clinical examinations both at inclusion and at the 2. follow-up. The sensitivity increases from
64.7 % to 75 % during the study, but the specificity and the predictive values is equally high at both
occasions. The positive and negative predictive values are probably the most valuable measures in
evaluating a questionnaire, but also dependent on the population and the prevalence of disease in this



population, as they predict the participants’ ability to identify whether they have hand eczema
correctly. These results indicate that self-reported hand eczema is a valid method to estimate the point
prevalence of hand eczema among Danish hairdressing apprentices, although it might underestimate
the true prevalence due to the sensitivity of 70.3 % and the higher estimated true prevalence. In the
cohort of hairdressing apprentices 96.3 % of the cases with self-reported hand eczema were confirmed
by the clinical examination (positive predictive value). Of the apprentices that denied hand eczema, the

clinical diagnose was established in only 1.4 % (11 out of 737).

Previous validation studies on hand eczema has shown some variation in results. Meding et al
validated self-reported one-year prevalence of hand eczema, based on questionnaires and interviews
combined with clinical examinations (12). They found a high specificity (96 — 99 %), but a lower
sensitivity (53 — 59 %) in three different occupational settings. Other validation studies, mainly on
point prevalence of hand eczema, have found higher sensitivities (65 % - 80 %) in different
occupations and geographical areas (11;13-16;20). Some validation studies have used symptom-based
diagnosis instead of self-reported hand eczema in the questionnaires, and compared it with clinical
examinations. This seems to overestimate the true prevalence as the sensitivity equals 100 %, and the
positive predictive value was low (38 %) (13), whereas the self-reported questions seem to
underestimate the true prevalence of hand eczema (12;13). Our results are in good agreement with the
study of Yngveson et al, who evaluated self-reported point prevalence of hand eczema in a cohort of
secondary school children at technical schools in Sweden (11). This might indicate that young people
have a good feeling with changes in their health condition. Our impression is that the false-negative
answers were mainly given by apprentices with mild symptoms of hand eczema, or by apprentices
with moderate hand eczema in a “good” period with fewer symptoms. The range of HECSI score in

persons with false-negative answers were 1 - 7, considered to be mild symptoms.

This study is based on a relatively high number of subjects. We have examined 501 persons and have
764 sets of clinical examinations and questionnaires. All participants completed the questionnaire
before the clinical examination, and they were all examined on the same day as they answered the
guestionnaire. Hand eczema is a disease that can change appearance over a relatively short period of
time, and a lag time between the self-reported hand eczema and the clinical examinations could have

influenced the results. This potential bias was eliminated in the present study design.



Questions concerning hand eczema were adapted from NOSQ-2002, and are based on previous
validation studies concerning current hand eczema in different occupational settings and geographical

areas (11-13;15;17;21), although never on hairdressers, hairdressing apprentices or in Denmark.

The clinical examination was carried out using the HECSI scoring system, which is a validated scoring
system, with a high inter- and intraobserver reliability (17). HECSI contains a number of specific signs
of hand eczema (erythema, infiltration, vesicles, fissures, scaling and oedema), which minimizes the
confusion with other dermatoses (psoriasis, tinea infections, pustolosis palmo-plantaris ect.). As
HECSI contains very specific symptoms and grades of the severity, it is possible to diagnose even mild
cases of hand eczema. This is an advantage in this study, as most of the hairdressing apprentices with
hand eczema have mild symptoms. The range of HECSI scores in this study was 1 -31, with a mean
score of 5.7 at inclusion and 8.4 at the 2. follow-up. No clear definition of the range of mild, moderate
and severe hand eczema exists, but in a previous study on patients with hand eczema referred to
dermatological care, mild cases was defined as HECSI score 0 — 11, moderate cases as score 12 — 27

and severe cases as score > 28 (22).

This study is not blinded, and because all participants completed the questionnaires and were
examined for hand eczema three times, it is possible that they were aware of the result from the
previous examinations. This could have affected the self-reported diagnose and thereby improved the
results. In order to minimize this eventual influence from former examinations, the apprentices were
told to answer the questions in accordance to their own experiences. As seen from table 3, the
apprentices were fairly good at predicting eventual hand eczema both at the inclusion and at the 2.
follow-up. We found high positive predictive values at both occasions, and there are only slight

differences between the two examinations.

In conclusion, we found good agreement between self-reported hand eczema and clinical examination,
and self-reported hand eczema among hairdressing apprentices is considered a valid method to

estimate the point prevalence of hand eczema.
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Table 1

Questionnaire findings compared with clinical diagnosis.

Clinical examination

Questionnaire Hand eczema No hand eczema Total
Hand eczema 26 (I*=11, F#=15) 1 (1*=0, F#=1) 27
No hand eczema 11 (1*=6, F#=5) 726 (1*=484, F#=242) 737
Total 37 727 764

The table shows number of subjects with or without hand eczema in accordance to clinical score and
questionnaire. The clinical examinations were based on the HECSI scoring system, and the
guestionnaire was based on the Nordic Occupational Skin Questionnaire.

* Number of apprentices at the inclusion

# Number of apprentices at the 2. follow-up

Table 2

Clinical characteristics of the cohort.

HECSI, inclusion HECSI, 2. follow-up
Clinical hand eczema (n) 17 20
Mean 5.7 8.4
Median 4.0 6.0
Range 1-31 2-21

12



Table 3

Validation of self-reported hand eczema.

Inclusion 2. follow-up Total
Sensitivity 64.7 % 75 % 70.3 %
Specificity 100 % 99.6 % 99.8 %
Positive predictive value 100 % 93.8 % 96.3 %
Negative predictive value 98.8 % 97.9 % 98.5 %

Sensitivity, specificity and positive and negative predictive values at inclusion, 2. follow-up and in
total.
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ABSTRACT

Obijectives: To develop an educational programme, implement it at the vocational schools and test
if it can reduce the incidence of hand eczema in a cohort of Danish hairdressing apprentices during
their training, as hairdressing apprentices are known to have a high risk of developing hand

eczema.

Methods: During the first two weeks of training 502 hairdressing apprentices were enrolled in the
study. Approximately half of the apprentices were in an intervention group and their teachers were
specially trained in prevention of hand eczema; the other half received normal training and served
as a control group. All apprentices completed self-administered questionnaires including questions
regarding hand eczema, use of gloves and degree of wet work, and they were all clinically

examined for hand eczema three times during the study period of 18 months.

Results: More apprentices from the intervention group used gloves in wet work procedures and
significantly fewer developed hand eczema compared with the apprentices from the control group
(P=0.04). A logistic regression model showed that atopic dermatitis had a significant influence on

the development of hand eczema in the cohort despite of intervention.

Conclusions: We were able to increase the use of gloves and to reduce the incidence of hand
eczema in hairdressing apprentices by implementing an educational programme at the vocational

schools



INTRODUCTION

Occupational hand eczema is one of the most frequent work related diseases in Denmark as well
as in many other countries, and is caused by either allergic and / or irritant contact dermatitis [1,
2]. Hairdressers belong to a high-risk occupation with a high incidence of occupational hand
eczema [1, 3-6]. Hairdressing apprentices seem to be in a particular high risk [7-11], with an
average onset at the age of 19 - 21 years[7, 11], and they have an estimated one-year prevalence of
37 % [4]. In comparison trained hairdressers in Copenhagen had an estimated one-year prevalence
for hand eczema of 20 % as shown in a previous Danish study [4], and young people from the
general population 9 -10 % [12, 13]. There is a high staff turnover in the profession. In Denmark
hairdressers work in average 8.4 years in the profession including their training period, and one of
the main reasons for leaving the profession is hand eczema [14]; similar results has been shown in
a Finnish study [15]. Occupational contact dermatitis among hairdressers and hairdressing
apprentices has severe personal and socioeconomic consequences [16, 17], which is why it seems

relevant to illuminate preventive strategies in this group.

Previous intervention studies on occupational hand eczema have shown that evidence-based
education is an effective tool [18-23]. The educational programme should contain oral
presentations, written information and practical training — all presented by special trained and

dedicated supervisors who also serve as teachers.

It is important to evaluate the effect of the intervention with a validated instrument. To our

knowledge this is the first controlled intervention study among hairdressing apprentices.

The aim of this study was to investigate whether education in prevention of hand eczema among

hairdressing apprentices could reduce the incidence of hand eczema in a controlled design.



MATERIALS AND METHODS

We conducted an intervention study in a cohort of Danish hairdressing apprentices, including two
follow-up. Data presented are based on self-administered questionnaires and clinical

examinations.
Study design

This study is a clinically, controlled, prospective intervention study. The intervention schools were
chosen partly because some degree of education in preventing hand eczema had already been
implemented, and partly to represent different geographical areas of Denmark and different school

sizes.

All apprentices gave informed consent and the Committee on Biomedical Research Ethics of
Copenhagen and Frederiksberg approved the protocol, H-B-2007-096. The study was conducted
from August 2008 — July 2010.

Study population

During the first two weeks of their education 502 hairdressing apprentices were enrolled in this

study. The enrollment was in two phases; in August 2008 (n= 382) and in January 2009 (n=120).

During the first 1% year of their training all apprentices completed self-administered
questionnaires and had their hands examined for objective signs of hand eczema three times; at the
time they started their education, after approximately 8 months and after approximately 18
months. The apprentices were recruited from all 10 hairdressing schools in Denmark, each school
provided from 8 to 103 subjects. All new apprentices, present on the day of the inclusion, were
invited into the study. During the study the cohort experienced a number of dropouts and

exclusions (Figure 1), as described below.

The mean age of the apprentices was 17.5 years and the majority was females (95.2 %). The
participation rate at inclusion was 99.8% (502 of 503 hairdresser apprentices present on the day of
inclusion). They all completed the questionnaire and only one apprentice did not have her hands
examined. At the 1% follow-up data were collected from 294 apprentices of 321 still under
education (91.6 %). In three of these cases we only obtained HECSI scores but no questionnaire.

At the 2" follow-up the participation rate was 99.6 % (283 of 284 hairdressing apprentices still



under education), all completed the questionnaire but in 21 of these cases we were not able to
make a clinical examination. The missing data were mainly due to sick leave or vacation on the

day of the examination.

The Danish training program for hairdressing apprentices varies between dedicated school
periods, providing a combination of theory and practice, and dedicated periods in the salons,
consisting of mixed practical hairdressing procedures. The duration of the education in Denmark
is 4 years. Most apprentices were examined during the school periods, but some while they were

working in the salons.
Exclusions

In total 105 apprentices were excluded during the study. This was done for different reasons;
change of school from intervention school to control school or vice versa (2 cases), change from
school apprenticeship to salon apprenticeship (with no formal school classes) (9 cases), and finally
94 cases did not qualify as an apprentice either in a salon or at the school, and, consequently,

discontinue their education.
Dropouts

Of the apprentices included, 113 had the opportunity to continue their education, but for different
reasons decided to change career. This group is referred to as dropouts. They were all contacted by
telephone and if not reached, a letter was sent. They were all asked if they had experienced hand
eczema while being a hairdressing apprentices, and if so, were hand eczema the main reason for

changing career. We obtained a response rate of 74.3 % (84 of the 113 dropouts).
Intervention

The intervention was based on education of the teachers at the vocational schools. Four schools
were intervention schools and the remaining six schools served as control schools. Each
intervention school provided 2 — 5 supervisors to the project. These supervisors underwent special
training in prevention of hand eczema among hairdressers, and were responsible for the continued
education of the apprentices at the schools. We developed an evidence-based educational
programme in cooperation with the supervisors from the intervention schools, primarily based on
special advices for hairdressers (Appendix 1). The educational programme contained a number of

oral presentations, an information pamphlet, group work exercises, practical training and a glove



size measure. This approach has been evaluated successfully in previous intervention studies [18-
23]. Examples of lipid rich moisturizers and protective gloves were given to the intervention
group. The intervention was planned, implemented and evaluated according to the model
described by Goldenhar et al [24].

The questionnaire

Questions concerning hand eczema were adapted from the Nordic Occupational Skin
Questionnaire (NOSQ-2002), and have been validated in different occupations and geographical
areas[25-27]. Self-reported hand eczema has also been validated in this cohort, using the clinical
examination as the golden standard, and a good agreement and high predictive values were
obtained [28]. The following questions were asked: “Have you ever had hand eczema?”, “Have
you ever had eczema on your wrists or forearms?” and “When did you last have eczema on your
hands, wrists or forearms?”. Atopic dermatitis was defined using the UK Working Party’s
diagnostic criteria [29-32]. Finally specific questions concerning procedures in the work of
hairdressers, use of gloves and amount of wet work were developed specific to this study
(Appendix 2).

The development of the questionnaire included a pilot test with 19 trained hairdressers.
Clinical examination

Objective signs and severity of hand eczema was assessed by a trained medical doctor (AB) using
the Hand Eczema Severity Index (HECSI), which is a validated scoring system with a high inter-
and intraobserver reliability, determining the presence, severity and localization of hand eczema
[33]. The range of the HECSI score is 0 — 360, where 0 is no eczema and 360 is most severe
eczema. All apprentices were clinically examined on the same day as they completed the
questionnaire. They all completed the questionnaire prior to the clinical examination, and
therefore they did not know the result of the examination. Additionally, all apprentices were
examined for flexural eczema at the inclusion. This was done to fulfill all minor criteria of the UK

Working Party’s diagnostic criteria.



Statistical analysis

For comparison of categorical variables, e.g. use of gloves in different routines, the chi-square test
was used, and according to the Bonferroni correction a P-value < 0.003 was considered to be
significant. Paired quantitative data were analyzed by comparing means with Wilcoxon Signed
Rank Test, and for independent data Mann-Whitney Test was used. Time spend with gloves in the
saloons was evaluated by chi-square for trend. A backward stepwise logistic regression model was
performed to evaluate for any risk factors of development of hand eczema. Finally, odds ratio and

confidence intervals was measured for development of hand eczema during the study.

All statistical analyses were performed using the Statistical Products and Service Solutions
package (SPSS Inc., Chicago, IL, USA) for Windows (Release 18.0).

RESULTS

Data collected from both cohorts are compared in Table 1 - 3. The demographic data from the two

groups does not differ significantly (Table 1).

The education in Denmark is partly organized on an individual level, which deflects that the
apprentices from the intervention group, during the study, were working in the saloons on average
32.5 weeks compared with 27.5 weeks for the apprentices from the control group (P=0.01).
Otherwise, the apprentices from the control group had more weeks at the schools; on average 32
weeks compared with 30 weeks for the intervention group (P=0.001). At the day of the final
follow-up, more apprentices from the intervention group were clinically examined during their

stay in the salons; 20.4 % compared with 14.7 % from the control group (P=0.03).

The apprentices from the intervention group used gloves to a higher extend than the control group,
particularly when shampooing and while handling bleaching products (Table 2). Although the
frequency of apprentices using gloves decreased, while they were working in the saloons, they still
used gloves to a higher extend than the control group in these periods. Gloves were not reused at
any of the schools, but in some of the salons. At the final follow-up gloves were reused by 14.3 %
(intervention group) and 21.3 % (control group) (P=0.1) respectively. Of those who reused gloves
at the final follow-up 61.9 % (intervention group) versus 58.6 % (control group) (P=0.8) turned

them inside out.



The apprentices from the intervention group used gloves more hours per day, and fewer of the

apprentices from the intervention group reported wet hands for 2 hours or more per day (Table 3).

As shown in details in Table 1, the apprentices from the intervention group reported significantly
less incidence of eczema than the apprentices from the control group. At the final follow-up 19.4
% of the apprentices from the intervention group versus 28.3 % of the apprentices from the control
schools had experienced hand eczema during their education (including dropouts) (P=0.04). The
odds ratio of getting hand eczema during the study period, not receiving the intervention was 1.65
(95 % confidence interval 1.02 — 2.67). The majority of the affected apprentices from both groups
stated that their eczematous disease started during their stay in the salons; 70.0 % of the
intervention group and 80.0 % of the control group (P=0.3). The severity of hand eczema was
clearly occupational related, as 76.9 % stated that their work aggravated the symptoms and 59.0 %
that their symptoms improved during vacations (with no statistical difference between the two
groups).

The incidence of hand eczema among dropouts were 21.4 % in total, distributed with 15.2 % in
the intervention group and 25.5 % in the control group (P=0.3). No correlation between hand
eczema and atopic dermatitis among the dropouts was found (P=0.13), but of those who changed
career because of hand eczema significant more were classified with atopic dermatitis compared
with the rest of the dropouts (P=0.04). Hand eczema as the main cause of changing career was

stated by 12 % of dropouts in the intervention group and 9.8 % of the control group (P=0.7).

Of those who experienced hand eczema during the study 40.6 % from the intervention group

versus 19.6 % from the control group (P=0.04) had consulted their general practitioner, and 15.6
% versus 10.8 % (P=0.2) a dermatologist. Only a minority of the apprentices with hand eczema,
and only apprentices from the intervention group (9.4 % versus 0.0 %, P=0.04) had their disease

reported to the Board of Occupational Health.

A logistic regression model showed that atopic dermatitis and belonging to the control group were
risk factors for development of hand eczema in the cohort (Table 4). Sex, age and weeks spend in
the saloons had no influence on development of hand eczema. Wet hands for two hours or more

per day was not found to be a risk factor in this group.



DISCUSSION

The present study is a controlled, intervention study with the intention of preventing occupational
hand eczema in a cohort of Danish hairdressing apprentices. To our knowledge this is the first
published intervention study in a cohort of hairdressing apprentices. The main finding is that we
are able to improve the use of gloves and to reduce the incidence of hand eczema in the
intervention group, by educating the teachers and thereby the apprentices at the vocational
schools. Further atopic dermatitis was a risk factor for developing hand eczema in the cohort
despite of intervention.

Previous intervention studies, in high-risk occupations, have also reduced the frequency of hand
eczema. The majority of intervention studies have been conducted in cohorts already in high-risk
occupational exposures and already affected by hand eczema to a substantial degree [18, 19, 21,
22]. This study is one of the few intervention studies so far focusing on primary prevention of
hand eczema. The main focus of the intervention was evidence-based education including: a skin
protection program, optimizing of work place procedures, practical training etc, with a high
involvement from dedicated supervisors. All levels of the organization involved in educating
hairdressers in Denmark were informed and took part in the process: the Danish Hairdressers’ and
Beauticians’ Union, the schools™ head, teachers and apprentices. The approach chosen in this
study was based on previous intervention studies with a substantial effect on the prevalence of
hand eczema in other occupational settings. Held et al were able to improve behavior and reduce
clinical skin symptoms in different wet work occupations [18, 19], and the group of Flyvholm et al
reduced the prevalence of hand eczema significantly among both gut cleaners in slaughterhouses
and cheese dairies workers by implementation of skin protection programs [21-23].

Only a few studies exist describing the use of protective gloves in high-risk occupations including
hairdressers. In this study a relative high percent of the apprentices from the intervention group
used gloves when shampooing the costumers’ hair (70.7%) compared with the apprentices from
the control group (46.3%) at the schools (P<0.001). While working in the salons, the use of
gloves, when shampooing hair, decrease to 48.9% versus 29.6% (P=0.001) respectively. When
applying hair dye to the costumers” hair approximately all the apprentices from both groups use
gloves both at the school and in the salons (97.8 % versus 98.5 % in the saloons, P=0.6). For
comparison 90.2% of Australian hairdressing apprentices use gloves when dying costumers’ hair,
while only 6.3% wore gloves when shampooing hair [34]. In UK similar results were found; 9%

of the apprentices using gloves when shampooing and approximately 95% when dying hair [35],



and in a German study 18.5% of hairdressing apprentices used gloves regularly when shampooing
and 87.1% when coloring [8]. These results indicate that certain preventive strategies, with focus
on glove use in wet work procedures, have already been implemented at the vocational schools in
Denmark. It seems to be generally accepted and adopted to use gloves when applying hair dye
both in Denmark and other countries. The results also indicate difficulties in maintaining the good
behavior in the salons, probably because they are busier, and because the salon owners have
diverging attitudes towards use of gloves.

It is widely accepted that exposure to wet work of two hours or more is a risk factor to irritant
contact dermatitis [10]. In a German study it was found that hairdressers, assessed by observation,
at average were exposed to wet work, defined as wet hands or wearing protective gloves, 2 hours
and 17 minutes in an 8-hour shift [36]. Fewer of the apprentices in the intervention group in the
present study reported wet hands for 2 hours or more per day compared with the control group
(P=0.004) while working in the salons (Table 3), but it was not found to be a risk factor for
development of hand eczema. The duration of wet work seems to be difficult to estimate in
questionnaires. Jungerbauer et al showed that duration of wet work was overestimated by a factor
2 compared with the duration assessed by observation in a cohort of nurses [37]. Based on these
observations, duration of wet work should be interpreted with caution.

The intervention group in this study reported significant less hand eczema compared with the
control group. During the 1% year study period the apprentices, including dropouts, reported an
incidence of hand eczema of 19.4% (intervention group) versus 28.3% (control group) (P=0.04)
(Table 1), and the odds ratio for hand eczema during the study period was 1.65 being in the
control group instead of the intervention group. The incidence of hand eczema in the control group
correlates well with other studies on occupational hand eczema among hairdressing apprentices. In
several studies the life time prevalence of hand eczema of hairdressing apprentices has been
estimated to 27.2% - 58% [4, 5, 38, 39]. In Germany Uter et al found an incidence of hand eczema
in a prospective followed cohort of hairdressing apprentices of 43.3% over a 3 year period [9]. For
comparison the one-year prevalence of hand eczema in the general population of young people is
estimated to be 9 — 10% [12, 13]. Uter et al also found that hand eczema was the reason for
leaving the education in 30.1 % of drop-outs [9, 10], which is more than we found in this study.
The role of atopic dermatitis as a risk factor for developing hand eczema in high-risk occupations

is under debate [5, 10]. In our study it was found to be a risk factor.
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This study is based on questionnaires and clinical examinations with a high participation rate. The
question concerning self-reported hand eczema is previously validated in the cohort, using the
clinical examination as the golden standard [28]. This makes the self-reported prevalence of hand
eczema in this study design a valid method, with a sensitivity of 70.3 % and a specificity of 99.8
%. In addition, atopic dermatitis was diagnosed by the full minor criteria of the UK Working
Party’s Diagnostic Criteria. This is possible because all the apprentices were clinical examined for
flexural eczema at inclusion. It probably gives a more precise estimate than in many other studies,
including a previous study of our own [13], where clinical examinations are not performed. All
clinical examinations were performed by one observer, which excludes any interobserver
variability.

During the study the intervention group spent on average significantly more weeks in the salons,
and thereby under high exposure conditions, and shorter time at the schools. This could affect the
results towards a higher incidence of hand eczema in the intervention group and thereby
impairment of the outcome of the intervention. In addition, significantly more apprentices from
the intervention group were examined in the salons at the 2™ follow-up. This could increase the
point prevalence in the group, as they typically experience flare up of their symptoms in high
exposed periods.

This study also has some limitations. It is a non-randomized and non-blinded design; this could
have some impact on the incidence of self-reported hand eczema. In order to minimize the
possible confounding of the non-blinded design, the apprentices were told to answer the questions
in accordance to their own experiences. As shown in a previous publication the self-reported hand
eczema is a valid method in this study design [28]. The non-randomized design was chosen due to
practical considerations, primarily as some of the schools already were planning or conducting
education concerning preventive measures.

We conclude that evidence-based education is an effective approach in prevention of occupational
hand eczema among hairdressing apprentices. We recommend offering hairdressing apprentices
more education. This is a inexpensive and fairly easy way to prevent a disease that has a
substantial impact on the individual and on society. It would be interesting to follow the cohort
further, to evaluate a long time effect of the intervention.
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Appendix 1

Special advices for hairdressers
= Use gloves when you wash, dye, bleach, and perm

e Cut before you dye the hair

= Mix in a separate, ventilated cabinet

e Disposable gloves must be clean, new, and dry

« Never reuse disposable gloves

= Use cotton gloves underneath protective gloves

e Use gloves for as long as nescessary, but as little as possible
= Use an unscented, rich moisturizer

e Do not wear rings when you work

e Use gloves when doing wet work in your spare time

e Use warm gloves outside when it’s cold

Evidence-based recommendations on prevention of occupational skin diseases in hairdressers.
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Appendix 2

Specific questions concerning hairdressing procedures, used in the questionnaire for 1% and 2"
follow-up.

e To which procedures do you always use gloves at the school / in the saloon? (Yes / no)

Shampooing
Hair dying
Rinse hair dye
Eyebrow dye
Bleaching

Rinse bleaching
Permanent
Rinse permanent

e How long time do you have wet hands on a regular day at work?
Including cutting wet hair, shampooing, dish wash, cleaning the saloon etc without gloves.

Never

Less than %2 hour per day

Y - 1 hour per day

More than 1 hour but less than 2 hours per day
2 — 3 hours per day

More than 3 hour but less than 4 hours per day
4 hours or more per day

e Do you reuse gloves? (yes / no)
- If yes, do you turn them inside out and reuse them?

Yes, always

Yes, more than half of the times
Yes, half of the times

Yes, less than half of the times
No, never

e How many hours, on a regular day, do you use gloves at work?

Never

Less than %2 hour per day

Y - 1 hour per day

More than 1 hour but less than 2 hours per day
2 — 3 hours per day

More than 3 hour but less than 4 hours per day
4 hours or more per day
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Table 1

Demographic characteristics and development of eczematous diseases in the cohort. Comparison

of the intervention group and the control group.

Intervention group Control group P
(n/total) (n/total)
Age (years)#
Range 15-32 15-38
Mean 17.8 17.7 0.2
Median 17 17
Sex#
Male 6.6 % (13/196) 3.5 % (7/201) 0.2
Female 93.4 % (183/196) 96.5 % (194/201)
Atopic dermatitis# * 10.2 % (20/196) 8.0 % (16/201) 0.4
Hand eczema
Lifetime prevalence
Inclusion 9.2 (18/196) 7.0 (14/201) 0.4
Point prevalence
Inclusion 1.5 (3/196) 3.0 (5/201) 0.3
2" follow-up 4.8 (7/147) 5.9 (8/136) 0.5
One-year prevalence
Inclusion 7.7 (15/196) 6.0 (12/201) 0.5
2" follow-up 20.4 (30/147) 29.4 (40/136) 0.07
During education
1* follow-up 11.0 (16/145) 19.2 (28/146) 0.05
2" follow-up 20.4 (30/147) 29.4 (40/136) 0.07
2" follow-up and drop-outs 19.4 (35/180) 28.3 (53/187) 0.04
Eczema on wrists or forearms
During education
1* follow-up 4.1 (6/145) 5.5 (8/146) 0.6
2" follow-up 8.2 (12/147) 8.1 (11/136) 0.9
Hand eczema and eczema on wrists or forearms
During education
1* follow-up 18.6 (27/145) 28.1 (41/146) 0.06
2" follow-up 21.8 (32/147) 33.8 (46/136) 0.02
2" follow-up and drop-outs 20.5 (37/180) 31.5 (59/187) 0.02

Data are based on questionnaire from the inclusion, 1 and 2" follow-up (after exclusions in

accordance to the Material and Methods section). Self-reported hand eczema has previously been

validated in the cohort [28].
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Chi-square test was used for the comparison of frequencies and Mann-Whitney test for

comparison of mean in the two independent groups. P<0.05 was considered to be significant. The
results which are significant are in bold
* Atopic dermatitis measured by using the U.K. working parties diagnostic criteria including the
minor criteria “visible flexural eczema’.

# Measured at inclusion

Table 2

Use of gloves in the cohort at the final follow-up.

1°(n=147) C"(n=136) P
Shampooing* 70.7 % 46.3 % <0.001
Shampooing# 48.9 % 29.6 % 0.001
Hair dying* 100 % 98.5 % 0.1
Hair dying# 97.8% 98.5 % 0.6
Rinse hair dye* 90.5 % 85.3 % 0.2
Rinse hair dye# 85.6 % 74.8% 0.02
Eyebrow dye* 13.6 % 2.2% <0.001
Eyebrow dye# 5.0% 0.7 % 0.04
Bleaching* 89.8 % 772 % 0.002
Bleaching# 86.3 % 78.5% 0.09
Rinse bleaching* 83.0 % 72.1% 0.03
Rinse bleaching# 76.3 % 68.1 % 0.1
Permanent* 63.9 % 529 % 0.06
Permanent# 46.0 % 39.3% 0.3
Rinse permanent* 81.0 % 72.8 % 0.1
Rinse permanent# 2.7 % 64.4 % 0.1

The percentage of apprentices in each group, who always use gloves to the specific procedures at

the schools and in the saloons. Chi-square test was used for the comparison. P<0.003 was
considered to be significant according to the Bonferroni correction. The results which are
significant are in bold. No missing answers were recorded.

% Intervention group

® Control group
* At the school
# In the saloons
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Table 3

Time with glove use and wet work per day in the saloons at the final follow-up.

Intervention group Control group P
(n=127) (n=134)
Glove use
Never 0.0 % (0) 0.0% (0) NT*
Less than % an hour 3.9 % (5) 11.9 % (16) 0.02
Y% -1 hour 19.7 % (25) 23.1 % (31) 0.5
1 -2 hours 23.6 % (30) 26.9 % (36) 0.5
2 — 3 hours 30.7 % (39) 24.6 % (33) 0.3
3 -4 hours 11.8 % (15) 7.5 % (10) 0.2
More than 4 hours 10.2 % (13) 6.0 % (8) 0.2
Chi-square for trend 0.002
Wet work
2 hours or more 50.4 % (64) 67.9 % (91) 0.004

* NT = Not tested

Chi-square test was used for the comparison. P<0.05 was considered to be significant. The results
which are significant are in bold.
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Table 4

The relationship of potential risk factors to the prevalence of hand eczema at the final follow-up, including drop-outs.

Total Hand eczema : Crude OR Adjusted OR Final model OR*
% (n/total) % (n/total) | (95% CI) (95% ClI) (95% CI)
|
Intervention |
Control group 51.0 (187/367) 60.2 (53/88) : 1.00 1.00 1.00
Intervention group 49.0 (180/367) 39.8 (35/88) | 0.61 (0.38-0.99) 0.62 (0.35-1.09) 0.59 (0.36-0.95)
Atopic dermatitis l
No 90.5 (332/367) 87.5 (74/88) ! 1.00 1.00 1.00
Yes 9.5 (35/367) 15.9 (14/88) | 2.32 (1.13-4.79) 2.16 (0.87-5.35) 2.47 (1.19-5.14)
Sex |
Female 95.6 (351/367) 97.7 (86/88) : 1.00 1.00
Male 4.4 (16/367) 2.3 (2/88) | 0.44 (0.09-1.98) 0.48 (0.06-3.96) -
Weeks in saloon I
0-20 26.3 (72/274) 27.5 (19/69) : 1.00 1.00
21-40 49.3 (135/274) 47.8 (33/69) | 0.90 (0.47-1.74) 0.87 (0.44-1.70) -
>40 24.4 (67/274) 24.6 (17/69) I 0.95 (0.44-2.03) 0.98 (0.45-2.16)
Age (years) :
15-17 67.0 (246/367) 62.5 (55/88) | 1.00 1.00
18-24 29.7 (109/367) 32.9 (29/88) I 1.26 (0.75-2.11) 1.41 (0.77-2.59) -
> 25 3.3 (12/367) 4.6 (4/88) : 1.74 (0.50-5.98) 2.19 (0.49-9.73)
|

Logistic regression analysis with the outcome odds ratio of hand eczema at the final follow-up.
* The final model is based on the adjusted model, analyzed using backward stepwise logistic regression.

OR = Odds ratio

Cl = Confidence interval
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