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Objectives The risk of irritant slun damage associated with hairdressing was estimated with the individual 
occupational exposure and other relevant factors having been taken into consideration. 
Methods A cohort of 2352 hairdressing and 11 1 office apprentices was prospectively followed for the duration of 
their vocational training (3 years), 3 examinations having been made and 3 years of recruitment having been used 
[I992 (hairdressers only), 1993, 19941 in 15 vocational training schools in northwest Germany. The information of 
the final follow-up examination was used for the analysis. 
Results A multifactorial analysis taking several (constitutional) risk factors, which were unevenly distributed 
between the 2 groups, into account revealed a significantly increased risk for hairdressers when compared with 
office workers (odds ratio approximately 4.0) with a marked decline in the most recently recruited (1994) 
apprentice group. Other significant factors increasing the dermatitis risk were (i) low ambient absolute humidity, 
(ii) young age, and (iii) a certain higher range of "atopy score". If the individual profile of occupational exposure 
among hairdressers was also considered, unprotected wet work of more than 2 hours per day was found to be a 
significant risk factor. 
C O ~ ~ C ~ U S ~ O ~ S  Good skin protection, as operationalized in the present study, can diminish, but not eliminate, the 
risk of occupational irritant hand dermatitis among hairdressers. 

Key terms atopy, epidemiology, logistic regression analysis, occupational skin disease, wet work. 

Irritant skin damage due to work with wet hands is a se- 
rious concern in several occupations, particularly in the 
hairdressing trade. In this occupational setting, not only 
wetness, but also a variety of detergents and other po- 
tentially irritating constituents of hair care products can 
damage exposed hands. Apprentices are particularly at 
risk, because they often carry the main load of unquali- 
fied wet tasks like shampooing (1) when compared with 
trained hair stylists (2). Irritant hand dermatitis, which 
can be  aggravated by allergic contact sensitization at 
some stage, and also primary allergic contact dermatitis 
can result in significant morbidity and may even neces- 
sitate a change in job. Job careers such as these have a 
considerable socioeconomic impact on the population 
level. On the individual level, they lead to the burden of 
a possibly chronic disease and the sacrifice of giving up 
a job of choice. Under these circumstances, improved 
primary prevention is extremely important. 

Studies of different design (references 3-5 among 
others) and, in particular, preliminary analyses from the 

present cohort study POSH (Prevention of Occupational 
Skin Disease in Hairdressers) have already indicated the 
importance of unprotected wet work, constitutional risk 
factors, and other (eg, environmental) factors (1, 6, 7). 
Previous analyses of the POSH study referred to an in- 
ternal reference group of hairdressing apprentices who 
protected themselves relatively well according to preven- 
tive guidelines in force in Germany since September 
1992 (8). These data have demonstrated that in all stag- 
es of the study unprotected wet work approximately dou- 
bled the odds of skin damage and, accordingly, that good 
skin protection resulted in significant risk reduction. 
However, these analyses could not address the risk in- 
herent in  this occupation even with good protection and 
the effects of possible exposure misclassification due to 
the use of an inevitably rather crude self-administered 
questionnaire instrument. Therefore, the inclusion of an 
external reference group of office apprentices, who had 
been prospectively followed in an identical fashion (9), 
appeared useful to obtain a realistic estimate of the risk 
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associated with hairdressing. This paper describes the 
findings of the comparison between hairdressers and of- 
fice apprentices regarding the risk of hand dermatitis 
based on the data of the POSH study at the final follow- 
up examination. 

Subjects and methods 

The prospective cohort study POSH was carried out in 
vocational training schools in 15 cities in northwest Ger- 
many, where hairdressing apprentices had been examined 
soon after the start of their training (a preemployment 
examination was rarely possible for logistic reasons) in 
the summer of 1992, 1993 and 1994, after an informed 
consent had been obtained from the participants or their 
parents, if the participants were under age (ie, younger 
than 18 years of age). Follow-up examinations were 
scheduled at the end of the first year and after 3 years (at 
the end of the training). 

Altogether 2352 hairdressing apprentices and 11 1 of- 
fice workers (trainees) were recruited for this study. A 
high dropout rate is characteristic for this young and 
mobile age group; altogether 48.2% of all the initially 
recruited hairdressing apprentices and 61.3% of the of- 
fice trainees underwent a final examination. Point and 
period prevalences of the outcome of interest in both co- 
horts are shown in table 1, together with the respective 
incidence rates relating new occurrences to the cumulat- 
ed person-time at risk of the study participants. Analy- 
ses of the office cohort (9) and the hairdressing cohort 
(6,7, 11) have been published previously; the following 
paper will focus on a comparison between the 2 cohorts 
based on prevalence data at the stage of final follow-up, 
employing a multifactorial analysis. 

During the initial examination, a short self-adminis- 
tered questionnaire relating to family and personal his- 
tory (atopy, intolerances), leisure activities and specific 
tasks, and skin protection at work was checked by the 
observer, who also recorded physical findings on a 
standardized form (1). Operational definitions for skin 

changes of the hands have been employed for standardi- 
zation and for modeling the outcome variable (9). In ad- 
dition to important anamnestic items relating to atopy (ie, 
past flexural eczema and past hand dermatitis) several 
atopic signs were documented and operationalized in an 
"atopy score" according to Diepgen et a1 (10). During 
the follow-up examinations, skin changes of the hands 
were documented and the history since the last examina- 
tion (skin symptoms, medical consultations, sick leave, 
etc) was recorded, together with current occupational and 
leisure-time exposures, the latter again including wet 
cleaning work, minding of children under 6 years of age, 
gardening, and decoration work. 

The individual spectrum of occupational tasks, skin 
protection, cleansing, and skin care was recorded using 
a standardized questionnaire; a slightly modified and ex- 
tended version is available now at the internet address 
"http://www.agw.uni-osnabrueck.de/derma/isbrit.htm". 
From these data, the individual average duration of un- 
protected wet work and of glove-protected work per day 
was approximatively calculated (6). 

Participation in the study was additionally offered to 
all office apprentices attending a vocational training 
school in Osnabriick in their first year of training, includ- 
ing 2 subcohorts of apprentices, one commencing in Au- 
gust 1993 and the other in August 1994 (9). This occu- 
pational group was followed in an identical fashion, how- 
ever, without the recording of occupational exposure (be- 
cause there was none with a potential for skin irritation). 

Low ambient absolute humidity had been found to be 
significantly associated with the occurrence of irritant 
skin changes of the hands in a previous analysis of 2 hair- 
dressing subcohorts (7). Thus relevant meteorological 
parameters were obtained from the German Meterologi- 
cal Service (Deutscher Wetterdienst) for inclusion in the 
multivariate analysis. These parameters included mean 
values of ambient day temperature ("C) and relative hu- 
midity (%) on the days and places of examination; the 
respective values of absolute humidity (mg/l) were cal- 
culated from these parameters (7). 

In the modeling of the outcome variable, the presence 
of any irritant skin changes was deliberately conceived 

Table 1. Epidemiologic measures of morbidity used for the cohort of office and hairdressing apprentices. Only the point prevalences 
and incidence are based on dermatological findings; the period prevalences (period = duration of the study) include anamnestic data. 
[See also the text and reference 11 .] (95% CI =95O/0 exact confidence intervals) 

Group Examination 1 Examination 2 Examination 3 Period 95% CI Inci- 95% CI 
preva- for dence for 

N Point 95% CI N Point 95% CI N Point 95% CI lence period (per 100 inci- 
preva- preva- preva- preva- persons dence 
lencea lencea lencea lence per year) 

Hairdressers 2352 35.4 33.5-37.4 1717 47.5 45.1-49.9 1134 55.1 52.2-58.0 70.7 68.8-72.5 34.3 31.8-37.2 
Office workersb 11 1 18.9 12.1-27.4 40 32.5 18.6-49.1 68C 25.0 15.3-37.0 44.1 34.7-53.8 18.4 11.6-29.3 

a Of "skin changes (any degree)". Clncreasing sample size due to structure of cohort. [See reference 9.1 
b u t e l  et al, 1998 (9). 
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as a (relatively soft) definition of a case [of "skin chang- 
es (any degree)"] (9). Other, more conservative case def- 
initions had also been used previously; their effect on 
estimates of prevalence (1 1) and constitutional risk fac- 
tors (6) has been outlined in the respective papers. 

For comparisons between groups concerning the dis- 
tribution of a categorical or continuous variable, Fish- 
er's exact test and the Wilcoxon-Mann-Whitney test were 
used, respectively. A logistic regression analysis was 
employed to quantify the independent influence of sev- 
eral factors on the risk for "skin changes (any degree)" 
with the effects of other important factors controlled for. 
The appropriateness of the specific logistic model was 
checked by the goodness-of-fit statistic developed by 
Hosmer & Lemeshow (12). The results of the logistic 
analyses are reported as odds ratios (OR), quantifying the 
degree of association between the exposure and the out- 
come variable, and their accompanying 95% confidence 
intervals (95% CI) have been computed by the profile 
likelihood method. Due to the high prevalence of the out- 
come, the odds ratio cannot be regarded as a valid ap- 
proximation of relative risk. However, it is a standard 
epidemiologic measure in its own right with which to 
quantify the association between potential risk factors 
and outcome, enabling a comparison of our results with 
those of other studies. The statistical analyses were per- 
formed with the program package SAS (Statistical Anal- 
ysis System, version 6.12, SAS Institute, Cary, NC). 

Resulfs 

The distribution of the important parameters included in 
the multifactorial model for the 2 subcohorts is shown in 

table 2, supplemented by a comparison with the preva- 
lence of these factors in the initial cohort (N=2352 and 
11 1, respectively). When the 2 groups were compared, 
any attribute of atopy (eg, previous hand or flexural der- 
matitis or a high atopy score) was found to be more fre- 
quent in the group of office apprentices than among the 
hairdressers. This difference was significant for the ato- 
py score, both for the cohort initially recruited and for 
the subset followed to the end of the study (P<0.0001 in 
both cases). When the distribution of these parameters 
was compared between the subset of dropouts versus par- 
ticipants followed to the end of the study, a significant 
difference was noted only for the atopy score of the hair- 
dressing group (P<0.0001) in the sense of a lower aver- 
age value of the score in the group remaining under ob- 
servation. This finding indicates a selective dropout of 
hairdressing apprentices with a distinct atopic constitu- 
tion. Furthermore, the hairdressing apprentices were sig- 
nificantly younger (P<0.0001 for uncategorized data). 
The vast majority of the examinations had been per- 
formed by one observer (WU) for both groups (83.8% 
and 72.8%, respectively); other observers took part in 
different years and to a varying degree. Office appren- 
tices were exposed to a low ambient humidity to a less 
extent than the hairdressing apprentices; in particular, 
none to less than 5 mgll. 

Multivariable analysis 
The following analyses were based on data from all the 
participants in the final examinations of both groups (ie, 
1134 hairdressing and 68 office trainees). The results of 
a first logistic regression analysis relating the outcome 
(mild-to-severe skin changes of the hands) to several ex- 
planatory variables included in the model are presented 
in table 3. When compared with the 1993 period for the 

Table 2. Prevalence of various (risk) factors for the subcohort of office apprentices versus hairdressing apprentices, final examination 
and partial initial examination for analyzing selective dropout. 

Current factors Prevalence (%) Statistical comparisons 

Office workers Hairdressers Examination 1 Hairdressing 
(hairdressers) participants 

Examination 1 Examination 3 Examination 1 Examination 3 versus ofice followed-up versus 
( N = l l l )  (N=68) (N=2352) (N=1134) workers dropped out 

(P-value) (P-value) 

Age 51 8 years (at recruitment) 
Absolute humidity 510.0 mg/l 
Constitutional factors 
Atopy score (points), mean 
Atopy score (points), classes 

0-3 
>3-5 
>5-7 
>7-9.5 
>9.5 

Past flexural eczema 
Past hand dermatitis (including pompholyx) 
Male gender 
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office trainees as a reference group, (i) the next period 
for the office workers showed little difference, (ii) the 
first 2 hairdresser periods had significantly elevated odds 
ratios of 4.3 (95% CI 1.8-11.1) and 4.3 (95% CI 1.9- 
10.5), while (iii) the last period for the hairdressers 
showed a somewhat lower odds ratio of 2.4 (95% CI 
1.1-6.0). This decline in the odds ratios for the hair- 
dressers was statistically significant (P<0.001). 

An age of 18 years or less - dominating in the hair- 
dressing group (table 2) - was associated with a signif- 
icantly increased risk for irritant skin changes, while male 
gender showed only a weak tendency of being a risk fac- 
tor. 

In contrast to analyses of findings during the first year 
of training (I), previous flexural or hand dermatitis was 
not associated with an increased risk of skin changes in 
the final follow-up examination. Only a rare combina- 
tion of both factors showed a tendency of being a risk 
factor (OR 1.6,95% CI 0.5-5.9). While an elevated at- 
opy score of 7-9.5 points was found to be a significant 
risk factor, the highest score category (<I0 points) 
showed a striking decline in risk. 

A previous, preliminary observation concerning the 
association between low absolute humidity and the 
occurrence of irritant skin damage (7) was confirmed in 
an analysis comprising the whole cohort when a dichot- 
omous variable, cossesponding to the cutpoint of the ref- 
erence group in reference 7 (ie, a value of 110 mgA), was 
used. 

While in the primary model occupational exposure 
was summarized for the period-specific hairdressing at- 
tributes, an alternative model also included several ex- 
posure-related factors, for example, a combination of 
daily wet and glove work in 4 categories, hand washing, 
and the application of cream in the salon (these varia- 
bles were all set at zero for the office trainees). The re- 
sults of this alternative analysis are shown in table 4. 

With respect to occupational exposure, wet work for 
more than 2 hours proved to be a significant risk factor. 
Frequent application of emollients showed a tendency of 
being a protective factor. Other factors already included 
in the primary model showed little change in the respec- 
tive risk estimates, except a considerable decline in the 
risk associated with the occupation and time period at- 
tribute (table 4). In a further analytic step of the model- 
building process, possible interactions between occupa- 
tional exposure (wet work and glove wearing) and the 
time period attribute were addressed. In this analysis no 
significant interaction was found, and therefore an over- 
all relatively stable dose-response pattern was indicated 
for occupational exposure and dermatitis risk. 

The results of the Hosmer & Lemeshow goodness- 
of-fit test indicated an acceptable model fit for the mod- 
els shown in table 3 and 4 (P=0.43 and P=0.50, respec- 
tively). 

Table 3. Results of the multiple logistic regression analysisa 
(N=1202), primary model summarizing occupational exposure 
variables in the hairdressing attribute of the waves; also control- 
led for observers. (OR = odds ratio, 95% CI = profile likelihood 
confidence limits) 

Prevalence of "Skin changes" 
risk factors (prevalence 

(%) 53.4%) 

OR 95% CI 

Office workers, 1993 
Office workers, 1994 
Hairdressers, 1992 
Hairdressers, 1993 
Hairdressers, 1994 
Male gender 
Age ~ 1 8  
Past flexural eczema 
Past hand dermatitis 
(including pompholyx) 
Atopy score 

0-3 
>3-5 
>5-7 
>7-9.5 
>9.5 

Absolute humidity <10.0 mgll 

(reference) 
0.3-3.3 
1.8-1 1.1 
1.9-1 0.5 
1 .I-6.0 
0.8-2.2 
1.2-2.2 
0.7-1.7 

0.7-1.6 

(reference) 
0.7-1.4 
0.9-1.9 
1.2-2.6 
0.7-1.6 
1.3-2.4 

a Hosmer and Lemeshow goodness-of-fit statistic = 8.00 (P=0.43) 

Table 4. Results of a multiple logistic regression analysisa 
(N=1202), alternative, full model, also controlled for observers. 
(OR = odds ratio, 95% CI = profile likelihood confidence limits) 

Prevalence "Skin 
of risk changes" 
factors (prevalence 

(%) 53.4%) 

Office workers, 199'93 
Office workers, 1994 
Hairdressers, 1992 
Hairdressers, 1993 
Hairdressers, 1994 
Male gender 
Age 518 
Past flexural eczema 
Past hand dermatitis 
(including pompholyx) 
Atopy score 

0-3 
>3-5 
>5-7 
27-95 
>9.5 

Wet workb <2 h and glove wearingb>2 h 
Wet workb t 2  h and glove wearingb< 2 h 
Wet workb 22 h and glove wearingbr2 h 
Wet workb 22 h and glove wearingb<2 h 
Handwashing (minimum 10 times/day)b 

(reference) 
0.3-3.3 
1.2-8.2 
1.3-8.1 
0.7-4.4 
0.8-2.2 
1 .l-2.1 
0.7-1.7 

0.7-1.8 

(reference) 
0.7-1.4 
0.9-1.9 
1.2-2.6 
0.7-1.6 

(reference) 
0.5-4.3 
1.1-2.3 
1.2-2.6 
0.9-1.4 

Application of cream 
(minimum 5 t ime~ lday )~  54.5 0.8 0.6-1.0 
Absolute humidity <10.0 mg/l 78.0 1.8 1.3-2.4 

a Hosmer and Lemeshow goodness-of-fit statistic = 7.39 (P=0.50). 
For office workers all classes = 0. 
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Discussion 

The POSH study was the first prospective study compar- 
ing dermatitis risk between 2 occupational groups - one 
a typical "wet w o r k  occupation and the other without 
irritant exposure - documented and followed in an iden- 
tical manner. In a first analytic step, a significantly in- 
creased risk has been found for hairdressers when com- 
pared with office workers, with an interesting decline in 
risk for the hairdresser apprentices most recently includ- 
ed in the study. As the external reference group was rel- 
atively small, the precision of the risk estimates was, ad- 
mittedly, not very high. 

In a second step, the occupational exposure of the 
hairdressing apprentices was included in the model in 
detail. In this logistic regression analysis, unprotected wet 
work was found to be associated with a significantly in- 
creased risk; at the same time risk estimates for the hair- 
dressing attribute, which had contained all exposure-re- 
lated effects in the previous model, declined to a consid- 
erable extent. However, the residual risk associated with 
the hairdressing attribute indicated that the internal ref- 
erence group with "good skin protection" cannot be re- 
garded as unexposed. (See the following discussion.) 

Although the subjects' age was within a narrow 
range, a significant decline in risk was noted for older 
participants or, conversely, a significantly higher risk for 
younger apprentices (tabels 3 and 4). This interesting ob- 
servation is open to interpretation: younger hairdressing 
apprentices possibly have an intrinsically more careless 
protective behavior or are less likely to insist on the avail- 
ability of protective equipment (assuming that both as- 
pects could not be represented sufficiently in the set of 
exposure variables). Although younger skin has been 
found to be more susceptible to irritation than older skin 
(13), this phenomenon may - within the range found in 
this study - not be contributory to the observed risk gra- 
dient. 

Unprotected wet work could be demonstrated to be 
the major risk factor for irritant hand dermatitis. When 
compared with a reference group of hairdressing appren- 
tices who worked unprotected with gloves for less than 
2 hours and protected with gloves for more than 2 hours, 
the opposite profile entails an odds of about 1.8 to 
develop irritant hand dermatitis. Thus the earlier impres- 
sion by Hornstein et a1 (5), that frequent wet work and 
insufficient skin protection are additional factors caus- 
ing eczema, especially in atopic subjects, could be con- 
firmed and quantified. 

The risk estimates (odds ratios) may even underesti- 
mate the true importance of the exposure factors for sev- 
eral reasons, namely, the "dilution effect" induced by 
participants who started to wear protective gloves only 
after the appearance of skin changes being still present 
at the time of the examination (resulting in a combina- 

tion of the attributes "skin changes" and "good skin pro- 
tection"). Furthermore, exposure misclassification result- 
ing from the necessarily simplified questionnaire tool or 
due to the fact that some protective gloves were less pro- 
tective against wet work hazards than others (eg, some 
polyethylene foil gloves being less protective than latex 
or vinyl gloves), a possiblity not taken into account in 
this study, leads to an underestimation of the exposure 
effects. In addition, the wearing of protective gloves does 
entail its own risk of (i) prolonged and repeated occlu- 
sion, which may be an irritant factor in its own right (14), 
and (ii) allergic contact dermatitis to glove material (eg, 
latex protein or rubber accelerators like thiurams) (15). 

Even the group of hairdressing apprentices who pro- 
tected their hands relatively well had an apparently in- 
creased risk. The odds of having skin changes at the end 
of training - even with good skin protection as opera- 
tionalized in this study - was about 3 (except for the 
last phase) when the group was compared with the occu- 
pationally unexposed reference group of office appren- 
tices (both time periods). Any base-line risk found will 
act as an important multiplicative factor for other (eg, 
constitutional or environmental) risk factors. This base- 
line risk may either be due to the fact that good protec- 
tion does not completely eliminate the risk of skin irrita- 
tion (or entails its own risk) or that the reference group 
("good protection" within the fairly gross classification 
used) systematically or randomly includes persons with 
heavier exposure than assumed. A systematic error could 
have been introduced by the way the individual expo- 
sure was calculated (6); random error can be introduced 
by participants who state that they wear gloves but real- 
ly do not protect themselves, and vice versa. 

Interestingly, a significant decline in risk was noted 
for hairdressers when the last time period was compared 
with the first two time periods. This phenomenon may 
very cautiously be interpreted as a slight reduction of the 
general risk over time, in accordance with findings of 
another survey covering northwest Germany [employing 
a self-administered postal questionnaire without a medi- 
cal examination (16)l. As skin protection (ie, the propor- 
tion of wet work performed with gloves) did not change 
between the time periods (data not shown) and was con- 
sidered in the second multifactorial model (table 4), 
other factors have to be responsible for this observation, 
for example, increased dermatologic care (16). The par- 
ticipation of partially different observers in different time 
periods may principally be a reason for differences be- 
tween the time periods. However, as most of the exami- 
nations were performed by the same observer, the po- 
tential distortion can be expected to be small. In addi- 
tion, observer effects have been controlled for in the 
multifactorial model. 

Unadjusted risk estimates have indicated a relatively 
low global risk (to show irritant skin damage or hand 
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dermatitis at any time during the study examinations) in 
association with previous hand or flexural dermatitis, 
which are also relatively rare parameters (6). Consequent- 
ly, only a small percentage of all cases of skin damage 
in the cohort would have been avoided if persons with 
these constitutional factors had not taken up hairdress- 
ing (6). This statement is probably only valid for this 
occupation - and most likely for other occupations with 
a similarly high irritant profile - and if a soft case defi- 
nition is employed: the harder the case definition, the 
more important constitutional risk factors become (6) and 
the less intense the irritant strain is, the more pronounced 
the relative risk associated with atopic parameters ap- 
pears to be (17). 

Besides, the role of constitutional risk factors assessed 
in this multivariable analysis at the end of training is dif- 
ficult to interpret. The decrease in prevalence of some of 
the risk factors (eg, past hand dermatitis, higher range of 
atopy score) in the group of hairdressing apprentices re- 
maining in the cohort until the final examination suggests 
that the selective dropout of those with sensitive skin se- 
riously hampered the evaluation of constitutional risk 
factors. In this context it has to be mentioned that, at an 
earlier stage of follow-up, at the end of the first year of 
training (with yet less dropout), past flexural eczema or 
a high atopy score were found to be significant risk fac- 
tors in multivariable analyses similar to those presented 
in our study for the final follow-up (18). Other possible 
explanations for the lack of (significant) risk associated 
with these factors at that stage of the study are specula- 
tive and may include (i) increased awareness of skin-sen- 
sitive persons manifesting itself in efficient care that 
could not be represented in the model or (ii) different 
degrees of susceptibility to irritation even within the sub- 
group of crudely defined constitutionally sensitive per- 
sons. 

Although point values of the atopy score should pos- 
sibly not be overinterpreted, the score can be considered 
to be a gross ordinal scale measure of atopic parameters 
other than flexural eczema. The striking decline in risk 
in the highest category (>9.5 points) could be explained 
as already discussed, particularly, as the highest catego- 
ry was strongly associated with previous hand or flexu- 
ral dermatitis. 

Such (self-) selection is mirrored in the external ref- 
erence group of office apprentices. The prevalence of 
constitutional parameters was considerably higher in this 
group, which was only slightly older (median 19 years 
versus 17 years), and 5 of 11 1 participants were in a for- 
mal retraining program due to previous occupational skin 
disease. In addition, all the cases of more severe skin 
changes in this group were diagnosed as atopic hand ec- 
zema. Thus it seems that office work is taken up selec- 
tively by persons with sensitive skin who may have suf- 
fered from earlier episodes of (hand) dermatitis (9). 

Work as a hairdresser entails a considerable risk of 
irritant hand dermatitis compared with, for example, vir- 
tually unexposed office work. This risk may be dimin- 
ished, but not completely eliminated, by improved work 
conditions and skin protection (ie, the wearing of pro- 
tective gloves for chemical work and for shampooing). 

Without the cooperation of the vocational training 
schools in Bielefeld, Braunschweig, Bremen, Celle, 
Gutersloh, Hamburg, Hameln, Hannover, LingenIEms, 
MindenJWestfalen, Munster, Oldenburg, Osnabriick, 
Springe, and Wolfsburg this study would not have been 
possible. The following observers supported the corre- 
sponding author during the final follow-up examinations: 
B Bauch, SM John, M Nohle, J Raguz, M Straube, R 
WeRbecher. 

The work was supported by grant 376.3-46 of the 
Employers Liability Insurance (Berufsgenossenschaft fur 
Gesundheitsdienst und Wohlfahrtspflege, Hamburg) 
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