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Summary Background. The prevalence of p-phenylenediamine (PPD) sensitization is 4% in the
patch tested population and varies between zero and 1.5% in the general population. Hair
dye is a recognised sensitization source.
Objectives. To define the prevalence rates of PPD sensitization in the general and patch
tested populations of The Netherlands, and to gain insights into relationships between
patch test strength and exposure sources.
Methods. Patch test database cases were matched with population-based controls. Anal-
yses were performed based on demographic details, patch test reactions, and potential
PPD exposure.
Results. PPD sensitization occurred in 3.3% of the patch tested population and in
1.3% of the general population. Hairdressers had a 4.4-fold increased chance of being
sensitized to PPD (p=0.041), and black henna tattoos showed a tendency for a 2.3-fold
increased chance of sensitization (p=0.081). Weak elicitation reactions were present in
hairdressers and consumers. However, cases who had had black henna tattoos showed
significantly more (extremely) strong patch test reactions upon elicitation (p=0.015).
Conclusions. The prevalence rates in the patch tested and general population of The
Netherlands are comparable with the prevalence rates of other mid-European centres.
PPD sensitization is often attributed to hair dye. However, this study shows that subjects
sensitized by black henna tattoos present with very severe elicitation reactions, empha-
sizing the need for more strict policing the prohibition.
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p-Phenylenediamine (PPD, 1,4-diaminobenzene, CAS no.
106-50-3) is an aromatic amine that has been used for
over 100 years as a hair dye. It is present in at least 70% of
all hair dye products. Because of its low molecular weight
of 108 kDa, its strong protein-binding capacity, and its
ability to penetrate deeply into the hair shaft, PPD is an
extremely effective component, not only in dyeing hair,
but also in dyeing textiles, fur, and leather. Moreover,
these properties make PPD an extremely potent sensitizer,
with the ability to cause severe allergic contact reactions
(1). These reactions include acute dermatitis of the scalp
and the face, often accompanied by facial oedema, which
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can be so severe that medical care is necessary. Because
of its extreme sensitizing properties, PPD has been con-
sidered to be an important safety hazard, and in the past
its use was banned in France, Germany and Sweden for
some time. The maximum concentration of PPD in the
final hair dye product has been 2% in Europe since 2009
(Directive 2009/36/EC).

The prevalence rates of contact allergies to PPD vary
widely, and are often derived from the prevalence in a
patch tested population. They range from ∼1%, calcu-
lated within a general population, to >7% in patch tested
populations (2, 3). As prevalence rates widely vary and
are dependent on the investigated population, the pri-
mary aim of this study was to define the prevalence rates
of PPD contact allergies in a patch tested population and
in the general population in the same geographical area.

The most important risk factor for PPD sensitization
seems to be exposure to hair dye. Furthermore, hairdress-
ing is a risk occupation regarding sensitization to PPD.
So-called ‘temporary black henna’ tattoos are frequently
described as a serious risk factor for sensitization, and
both the clinical presentation and the patch test reac-
tion are often very severe. However, this relationship
between black henna and PPD sensitization has only
been described in multiple case reports (4, 5). Therefore,
the second aim of this study was to gain insights into
the exposure to different sources of PPD in sensitized
individuals as compared with unsensitized individuals.
In addition, this exposure will be related to the severity of
the patch test reaction to PPD.

Patients and Methods

Population

In this post hoc case–control study, patients with a pos-
itive patch test reaction to PPD were selected from the
patch test database of the Dermatology Department of
the University Medical Center Groningen (UMCG) from
January 2007 to March 2014. From this database,
information on the grading of the patch test reaction to
PPD, demographic information (age and sex), primary
sites of complaints and history of atopic dermatitis were
extracted.

The control population was the well-defined patch
tested population of two municipalities in the northern
Netherlands (Groningen, a city, and Stadskanaal, a mostly
rural area) who participated in the European Multicentre
Fragrance Study of the European Dermato-Epidemiology
Network (EDEN). This descriptive epidemiological survey
was carried out from August 2008 to October 2011 in
six European regions, including the northern Nether-
lands. The subjects included in this study were randomly

recruited by use of a stratified proportional sampling
design. All subjects completed a standardized ques-
tionnaire on exposure to cosmetics and general skin
complaints, such as self-reported atopic complaints (6).
A randomly selected subgroup was patch tested with the
European baseline series and completed an additional
questionnaire on exposure to potential sources of PPD.

Patch testing

Cases and controls were patch tested with the European
baseline series, containing PPD (TRUE Test®; Mekos Lab-
oratories AS, Hillerød, Denmark), and readings were per-
formed at D3 according to ICDRG criteria, with an addi-
tional reading at D7 for the cases. PPD was tested at a
concentration of 0.090 mg/cm2. Weak (+), strong (++)
and extremely strong (+++) positive patch test reactions
were considered to be positive.

Hair dye questionnaire

All subjects included in the EDEN Fragrance Study
who received a patch test also completed an additional
questionnaire. The selected population of PPD-positive
patients from the patch test clinic of the UMCG completed
the same additional questionnaire. This questionnaire
included questions on historical exposure to PPD-
containing products, length of exposure, and exposure to
PPD in an occupational setting.

Data analyses and statistics

Data were analysed with IBM SPSS® Statistics version 22
for Windows™. A p-value of <0.05 was considered to
indicate a statistically significant difference.

The prevalence rates of PPD contact allergies in the
general population and the patch tested population were
calculated. Demographic and clinical characteristics were
compared.

For further analyses, every case was matched with two
controls on the basis of both sex and age. Differences in
exposure and strengths of the patch tests were described
as percentages, and differences were calculated with logis-
tic regression analysis and the chi-square test; odds ratios
(ORs) with confidence intervals (CIs) were calculated.

Results

Demographic characteristics

In a 7-year period, 2539 subjects were patch tested with
PPD; 84 of these had a positive patch test reaction to PPD.
The majority were female (79.5%), and the mean age
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was 45.1 years. In total, 49 weak positive (+), 18 strong
positive (++) and 17 extremely strong positive (+++)
reactions were seen. The prevalence of PPD sensitization
was 3.3% (year prevalence range: 2.1–4.7%), with preva-
lence rates of 3.9% in females and 2.1% in males.

The control population included 478 individuals;
50.6% were female, and the mean age was 45.4 years.
Among these 478 individuals, 6 had a positive patch
test reaction to PPD, of whom 3 had a weak positive
reaction (+) and 3 had a strong positive reaction (++).
The prevalence of PPD contact allergies in this sample
of the general population was 1.3%; the prevalence in
females was 1.7%, and that in males was 0.9%. Within
this population, 7.6% had had a patch test before they
were included in this study, and almost half of them
had had at least one positive reaction to this historical
patch test.

Table 1 shows the basic characteristics of all included
individuals. Those who did not return the hair dye ques-
tionnaire were excluded from further analysis (n=22).
The remaining 62 cases, which were matched with 124
controls, were included in further analyses. There was no
statistically significant difference between the age of cases
and that of controls (p=0.634). Regarding demographic
and clinical characteristics, statistically significant differ-
ences were found between atopic individuals, who were
overrepresented among the cases (29.7% versus 6.5%,
p<0.001), and occupational exposure to PPD (12.9%
versus 3.2%, p=0.014). Among the cases, the most fre-
quently involved primary sites were the face, head, and
neck, followed by the hands.

Relationship between exposure to PPD-containing
products and a contact allergy

Cases were compared with controls to gain insights
into differences in their exposure to PPD-containing
products, such as hair dye and black henna tattoos
(Table 2). Regarding exposure to PPD-containing hair
dye products, cases had used hair dye at least once in their
lifetime as often as controls (OR 1.33, 95%CI: 0.61–2.90,
p=0.471). There was no statistically significant differ-
ence in exposure years between cases and controls, as
shown in Table 2. The use of hair dye products on facial
hair was seen in cases as often as in controls (OR 1.035,
95%CI: 0.52–2.06, p=0.922). Both cases and controls
reported reactions to hair dye. However, PPD-positive
cases reported such reactions significantly more often
than PPD-negative controls (62.9% and 8.1%, respec-
tively; p<0.001; OR 30.81, 95%CI: 11.84–80.21).
Moreover, controls reported only mild itching, whereas
cases reported more severe reactions, such as oedema of
the eyelids and face.

Individuals who had had temporary black henna tat-
toos showed a tendency to be 2.3-fold more likely to have
a PPD contact allergy (95%CI: 0.90–5.89, p=0.081).
Although the investigated subgroup was small, hair-
dressers had a 4.4-fold higher chance of being allergic to
PPD (95%CI: 1.06–18.24, p=0.041).

Patch test reaction in relation to exposure

The severity of the patch test reaction to PPD was not
associated with exposure to hair dye on the scalp or other
body parts, as shown in Table 3. However, subjects with
a history of exposure to temporary black henna tattoos
had a 14.2-fold higher chance (95%CI: 1.67–121.32,
p=0.015) of having strong and extremely strong posi-
tive patch test reactions to PPD. When subjects had been
exposed to PPD in an occupational setting, they were
more likely to have a less severe patch test reaction,
although no statistically significant difference between
weak and (extremely) strong positive patch test reac-
tions could be shown (OR 0.346, 95%CI: 0.06–1.87,
p=0.217).

All individuals who had ever been exposed to tem-
porary black henna tattoos (n=10) had used hair dye
products, including eyelash dye. Nine of them reported
an itchy rash after application of the black henna tattoo,
and these 9 also had (extremely) strong positive patch
test reactions (n=9 versus n=1, p=0.002). The 1 sub-
ject who had not developed an itchy rash after application
of the black henna tattoo had only a weak positive reac-
tion. For the majority (n=8), the black henna tattoo was
probably the first contact with PPD that they ever had, as
they had never dyed their hair before (n=8 versus n=1,
p=0.035).

Discussion

The main aims of this study were to establish the preva-
lence rates of PPD contact allergy in the general and patch
tested populations of the northern Netherlands. Further-
more, we aimed to gain insights into the exposure of both
PPD-allergic and non-allergic individuals, and to corre-
late exposure with the strength of the patch test reaction.

Prevalence rates of PPD sensitization in the patch tested
and general populations

The prevalence of PPD contact sensitization in patch
tested populations described in the literature varies
widely, from ∼4% in Germany to up to 7.1% in a UK
population (7, 8). The observed prevalence in our patch
tested population was 3.3%, which is relatively low as
compared with the rates of positive reactions reported by
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Table 1. Patch test reactions and demographic and clinical characteristics of cases and controls

PPD-positive cases, n (%), n=62 PPD-negative controls, n (%), n=124

Positive patch test reaction
+ 34 (54.8) 0
++ 16 (25.8) 0
+++ 12 (19.4) 0

Demographic and clinical characteristics
Male sex 13 (21.0) 26 (21.0)
Occupation: hairdresser or beautician 8 (12.9)∗ 4 (3.2)
Atopic eczema 20 (32.3)∗ 8 (6.5)†

Hand dermatitis 12 (19.4) NA
Leg dermatitis 1 (1.6) NA
Face, neck or head dermatitis 35 (56.5) NA
Age >40 years 41 (66.1) 81 (65.3)
Age in years (mean; median; minimum–maximum) 45.1; 50.0; 13–72 45.4; 50.0; 18–74

NA, not applicable; PPD, p-phenylenediamine.
∗Statistically significant difference, calculated with the chi-square test.
†Self-reported diagnosis.

Table 2. Relevant exposures to p-phenylenediamine-containing products in cases and controls

Cases, n (%) Controls, n (%) p-value OR 95% CI

Hair dye
Lifetime use 51 (82.3) 94b (75.8) 0.471 1.33 0.61–2.90

Duration of usea*

Occasionally/<1 year 11 (17.7) 21 (16.9) 0.937 0.97 0.42–2.21
1–5 years 16 (25.8) 33 (26.6) 0.676 0.86 0.41–1.78
6–10 years 7 (11.3) 14 (11.3) 0.865 0.92 0.35–2.45
>10 years 16 (25.8) 25 (20.2) 0.519 1.28 0.60–2.71

Reaction to hair dye 39a (62.9) 10d (8.1) <0.001* 30.81 11.84–80.21
Eyelid or facial oedema 20a (32.3) 0c NA NA NA
Emergency treatment 15 (24.2) 0 NA NA NA
Hospital stay 1 (1.6) 0 NA NA NA

Hair dye use on facial hair
Eyelashes/eyebrows 17b (27.4) 34a (27.4) 0.922 1.04 0.52–2.06
Beard/moustache 1b (1.6) 0 NA NA NA

‘Temporary black henna’ tattoo
Lifetime use 10c (16.1) 10a (8.1) 0.081 2.31 0.90–5.89

>1 black henna tattoo 4 0 NA NA NA
Reaction to tattoo 9 0 NA NA NA

Occupation
Hairdresser 6a (9.7) 3 (2.4) 0.041* 4.40 1.06–18.24
Beautician 2b (3.2) 2 (1.6) 0.463 2.10 0.29–15.31

CI, confidence interval; NA, not applicable; OR, odds ratio.
Missing values: a1, b2, c3, d5.
*Statistically significant difference, calculated with logistic regression analysis.

other European centres (9). Our lower prevalence could
be related to the high number of blond-haired individ-
uals in the northern Netherlands. PPD and its related
substances are more often present in higher percentages
in the darker shades of hair dye products. Thyssen et al.
previously described this phenomenon (10). He found
a lower sensitization rate in Scandinavian cities than in
central and southern European cities, in which a higher
concentration of dark-haired people is present. It is also

known that Asian people, who often dye both scalp and
facial hair, are more frequently sensitized to PPD, which
substantiates this assumption (11).

The prevalence of PPD contact allergies in the general
population is rarely described, as most studies are per-
formed in patch tested populations. Prevalence rates in
the general population are frequently derived from the
patch tested population, instead of observed prevalence
rates, as in the present study. These derived prevalence
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Table 3. Exposure to p-phenylenediamine (PPD)-containing products in the different subgroups classified by the strength of the patch test
reaction to PPD

Exposure source + (n=34) ++/+++ (n=28) p-value OR CI

Hair dye 26 (76.5) 25 (89.3) 0.199 2.56 0.61–10.78
Hair dye use on facial haira 10 (31.3) 7 (25) 0.593 0.73 0.24–2.28
‘Temporary black henna’ tattoo 1 (3.2) 9 (32.1) 0.015* 14.21 1.67–121.32
Occupation (hairdresser) 4 (17.6) 2 (7.1) 0.217 0.35 0.06–1.87

CI, confidence interval; OR, odds ratio.
Missing values: a2.
*Statistically significant difference, calculated with the chi-square test.

rates in northern European countries are all ∼1% (12,
13). Observed prevalence rates vary widely, ranging from
zero to 1.5% overall in Europe. The prevalence of 1.3% in
our general population is in line with the observed preva-
lence of 1.5% found by Schäfer et al. (14). The prevalence
of contact allergy to PPD in the general population of
Asia is twice as high as the prevalence rates found in the
present study and in Europe, that is, 2.7% as found in the
study among Thai adults by White et al. in 2007 (15).
This difference can be attributed to the difference in hair
dye behaviour as described previously.

Atopic individuals among the patch tested population

Among the controls included in this study, a relatively
small number reported the presence of atopic dermatitis
during their lifetime (6.5%). The lifetime prevalence of
atopic dermatitis as described in the literature is ∼20%
(16). This could be attributable to the recall bias that is
introduced when adults are asked about events in early
childhood. However, only 3 individuals (2.4%) reported
recent active manifestations of atopic dermatitis. This per-
centage is in line with the adult prevalence of atopic
dermatitis.

The percentage of individuals with actual atopic der-
matitis among the cases was statistically significantly
higher than among the controls. The difference could
be attributable to selection bias. An explanation for this
could be that patch testing is often performed as a part
of the routine diagnostic procedure for patients with
recalcitrant atopic dermatitis.

Another, but controversial, hypothesis is that the
diminished skin barrier in atopic individuals allows aller-
gens to penetrate the stratum corneum more easily. In the
case of contact allergies to PPD, reactive oxygen species
(ROS) are produced when it is applied to the hair and skin.
These ROS are able to compromise the epidermal barrier,
leading to increased penetration of a hapten. Niwa et al.
described increased ROS production in patients with
atopic dermatitis, which could contribute to more com-
promised barrier function and, hypothetically, to easier

penetration of hapten, in addition to the ROS produced
during contact allergic reactions to PPD (17).

The length of exposure to hair dye does not increase
the sensitization risk

Assuming that exposure to hair dye is more frequent in
PPD-sensitized individuals, we looked at exposure to hair
dye products during the individual’s lifetime as well as
the length of exposure in years. No difference could be
shown. However, as a question regarding the frequency
of exposure to hair dye in either an occupational setting,
at the hairdressers or at home was not included in the
questionnaire, no statements can be made regarding this
point.

It is common knowledge that hairdressers are at risk of
being sensitized to PPD. In the present study, the chance
of being sensitized as a hairdresser was statistically signif-
icantly increased, by 4.4-fold. This might be explained by
their much higher frequency of exposure. Moreover, hair-
dressers have higher exposure to irritant factors, such as
water, detergents, and chemicals, which impair skin bar-
rier function (18).

In this case–control study, beauticians were not at risk
of sensitization. This finding could be related to the small
numbers of beauticians in our population, which ham-
pers the drawing of meaningful conclusions. Another
cause could be that beauticians in The Netherlands are
probably less exposed to PPD in products intended for dye-
ing facial hair.

The use of hair dye on facial hair (eyelashes, eyebrows,
moustaches, and beards) is often regarded as a risky event,
and in the United States eyelash colorants were banned
after the ‘lash lure’ scandal in 1937 (19). However, in our
study, we found that, in consumers, exposure to eyelash
dye and other dyes intended for dyeing facial hair did not
increase the risk of sensitization.

A significant source of PPD is temporary black henna
tattoo. The small group of individuals who had had
a black henna tattoo showed a tendency to have a
2.3-fold increased chance of being sensitized to PPD
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(p=0.081). This suggests that black henna tattoos
also constitute a risk factor for sensitization. A wide
variety of, mostly high, PPD concentrations is seen,
because black henna is not a standardized material (20).
High PPD concentrations vastly increase the sensitizing
potential of black henna tattoo. Kligman et al., who
showed that all 24 experimental volunteers exposed
to 10% PPD were sensitized, previously described this
phenomenon (21).

The severity of the patch test reaction is related to the
mode of sensitization

Whenever the clinical manifestations of contact allergy
to PPD are considered, one could suggest that different
allergic subtypes can be distinguished. Some individuals
with a PPD contact allergy present with a history of a
mild itchy rash and probably some erythema on the scalp
and scalp margin, often resolving within a few days. These
individuals often have weak positive patch test reactions.
Over 70% of them will continue to dye their hair after
they have been diagnosed with contact allergy to PPD, as
described by Ho et al. (22).

Another subtype of PPD-sensitized individuals com-
prises those who present with very severe complaints of
oedema of the eyelids and face, sometimes accompanied
by swelling of the mucosa of the nose and throat. Patch
test reactions are often strong to extremely strong posi-
tive. After one episode of such a severe allergic reaction,
the majority of those patients never use hair dye products
again.

Moreover, similar differences between mild and strong
to extremely strong positive patch test reactions were not
found for other PPD sources, such as occupational expo-
sure in hairdressers, who actually have a lower chance
of having strong to extremely strong positive reactions
during elicitation. From previous research, it is clear that
frequent exposure to low concentrations of an allergen,
for example 2,4-dinitrochlorobenzene, can cause sensiti-
zation that is comparable to sensitization caused by one
dose of the allergen at a very high dose (23). However, it is
also known that a high sensitization dose is more likely to
cause a high degree of sensitization, resulting in a lower
concentration of the sensitizer being required to elicit a
reaction (24). Due to the use of gloves during the hair
dye procedure, hairdressers are exposed to very low con-
centrations of PPD. Probably, a weak degree of sensitiza-
tion occurs, resulting in less severe elicitation reactions on
re-exposure. This makes repeated exposure to low doses
a risk factor for the development of weak elicitation reac-
tions.

In our study, we found a relationship with historical
exposure to temporary black henna tattoos; individuals

exposed to a black henna tattoo had a 14-fold higher
chance of having a strong or extremely strong positive
patch test reaction. Black henna tattoos are known for
their sensitizing potential, but, up to now, it has been
not completely clear why this elicits more severe contact
allergic reactions. Hostynek et al. have shown that, after
sensitization with a high dose of allergen, the reaction
upon elicitation tends to be more severe (25). Although
these studies were not performed with PPD, the same
mechanism is applicable to this allergen, as described
by Spornraft-Ragaller et al., who clarified the relation-
ship between temporary black henna tattoos and patch
test reactivity to PPD in children. They concluded that
alarmingly high percentages of extremely strong patch
test reactions were observed. Sensitization in those cases
was probably caused by PPD in black henna tattoos (26).
Our results are in line with previous findings that high
doses of allergen not only induce sensitization, but also
make the individual react to a lower dose of allergen upon
challenge.

Limitations of this study

As the exposure assessment in this study is based only
on questionnaires, there is a risk of recall bias, especially
when the selected and questioned population stopped
using hair dye products after a diagnosis of PPD con-
tact allergy many years ago. Case–control studies are
known for their risk of selection bias. The selection of cases
might be biased, because individuals with atopic dermati-
tis could be more often patch tested, owing to their clin-
ical presentation, for example head and neck dermatitis.
This could explain the higher percentage of atopic indi-
viduals among cases. These results are in line with the
percentage of atopic dermatitis among patch tested sub-
jects having a contact allergy within our clinic in Gronin-
gen (unpublished results). The control population could
be biased because they were recruited with invitation let-
ters. Selection bias could also be introduced because indi-
viduals with skin complaints are often more prone to par-
ticipate in research regarding their disease. With the use
of these letters, there is a risk of unwanted exclusion of cer-
tain groups, such as people who have little knowledge of
the language, youngsters, or elderly people. Furthermore,
possible confounders, such as socio-economic status and
level of education, were not accounted for.

Whenever contact allergy to PPD without a history
of exposure is investigated, one should also search for
exposure to cross-reacting allergens, which can cause
a positive PPD patch test. Although cross-reactions
are of great interest, they are outside the scope of this
investigation.
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Concluding remarks

In the present study, evidence has been given not only
of PPD contact allergies resulting from consumer expo-
sure to hair dye products, but also of allergies resulting
from the professional use of PPD-containing products. In
spite of European regulation, PPD remains an important
allergen, because of its extreme sensitizing properties.
Sensitization to PPD can occur because of prolonged

exposure at a high frequency, as with hairdressers, and
causes predominantly weak positive elicitation reactions.
Moreover, sensitization with a single high dose of PPD, as
in temporary black henna tattoos, causes mostly strong to
extremely strong positive allergic reactions. This empha-
sizes the need for more strict regulations and enforcement
of the prohibition of PPD in the dye of black henna
tattoos.
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