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Many women and men now dye their hair. p-Phenylenediamine (PPD) is a frequent and important
component of permanent hair dye products; exposure to it may cause allergic contact sensitization,
acute dermatitis, and severe facial oedema. To increase our understanding of PPD allergy, we reviewed
published literature containing PPD patch test data from dermatitis patients and individuals in the
general population. This was performed to estimate the median prevalence and the weighted average of
PPD sensitization and thereby assess the burden of PPD-containing hair care products on health.
Literature was examined using PubMed—MEDLINE, Biosis, and Science Citation Index. The median
prevalence among dermatitis patients was 4.3% in Asia, 4% in Europe, and 6.2% in North America.
A widespread increase in the prevalence of PPD sensitization was observed among Asian dermatitis
patients. In Europe, a decrease in the 1970s was replaced by a plateau with steady, high prevalences
ranging between 2% and 6%. The prevalence remained high in North America, although a decreasing
tendency was observed. Contact allergy to PPD is an important health issue for both women and men.
More stringent regulation and enforcement are required as public health measures to reduce the burden

of disease that exposure to PPD has brought to populations.
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p-Phenylenediamine (PPD) is a common precur-
sor in oxidative hair dye products. It is an extreme
sensitizer that may lead to contact allergy and
dermatitis as well as severe facial swellings, which
may be mistaken for angioedema. In the late 19th
century, a contact allergy epidemic caused by PPD-
containing hair care products was recognized (1, 2)
and, in response, Sweden and France prohibited
the use of PPD (3). Today, within the European
Union the Cosmetics Directive currently allows
PPD in hair dye products with an upper concen-
tration limit of 6% (3% when added to the oxidis-
ing solution required to develop the colour).
Eighteen per cent to 25% of men and 75% of
women in Denmark and in the USA have used
hair dye products at some point (4-6). In Japan,
the prevalence of hair dyeing increased during
1992-2001 among female high school students
(14-41%), women in their 20s (6-85%), and
men in their 20s (2-33%) (7). PPD is estimated
to be present in around 70% of hair dye products

worldwide (8). Thus, exposure to hair dyes (and
PPD) is common. To increase our understanding
of PPD allergy, we have reviewed published liter-
ature containing PPD patch test data from derma-
titis patients and individuals in the general
population. This was performed to estimate the
median prevalence and the weighted average of
PPD sensitization and thereby assess the burden
to health of PPD-containing hair care products.

Materials and Methods

Literature was examined using PubMed-
MEDLINE, Biosis, and Science Citation Index.
We aimed to include all scientific articles contain-
ing PPD patch test results from the general popu-
lation and from consecutive patients attending
a contact dermatitis clinic. Dermatitis studies from
Africa, South America, and Australia were omit-
ted because relatively few were identified (9-12).
In general, children were excluded from the analysis,
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but in some cases, their patch test results were in-
tegrated in published patch test data and, there-
fore, included in this paper. Search terms included
para-phenylenediamine, p-phenylenediamine,
4-phenylenediamine, PPD, PPDA, hair dye, oxi-
dative, epidemiology, epidemic, contact allergy,
contact sensitization, contact dermatitis, patch
test, allergy skin testing, unselected, general popu-
lation, and healthy. In addition, the databases
were searched by the use of the ‘related articles’
function and by searching the publications by spe-
cific authors in the scientific area. Finally, refer-
ences were localized by the use of reference lists
in articles. Although the literature search may not
be exhaustive, it probably includes the majority
of published articles containing PPD patch test
results.

An investigation of the patch test systems
showed different suppliers of chambers, strips,
tapes, and allergens. The studies can be divided
into two general categories according to their
patch test methodology: ready-to-apply test sys-
tems such as the thin-layer rapid-use epicutaneous
test (TRUE test) and traditional standard test
series applied in, e.g., Finn®™ chambers. The stand-
ard test series concentration of PPD changed over
the years, and ingredients differed depending on
the country of origin (e.g. Indian, Chinese, and
Italian). When possible, PPD test concentrations
have been identified and presented in this paper.
Figures 1-3 were based entirely on studies using
1% PPD in petrolatum (pet.); other studies using
higher or lower concentrations were excluded.
When patch test results straddled more than one
year, the median year was considered representa-
tive (e.g. when 1972-1974 was indicated, 1973 was
designated as the representative year). The calcu-
lated median prevalence and weighted average
were based on studies using 0.1%, 0.5%, 1%,

and 2% PPD in pet. In cases where the size of
the study population was given as an interval,
e.g. 900-2000 (13), the study was omitted from
the calculations.

To clarify the term ‘epidemic’, the authors mean
the occurrence of cases of an illness in a commu-
nity or region, which is in excess of the number of
cases normally expected for that disease in that
area at that time (14).

Results

Tables 1-3 show PPD patch test results from con-
secutive dermatitis patients in Asia, Europe, and
North America. The median prevalence among
dermatitis patients was 4.3% in Asia, 4% in
Europe, and 6.2% in North America. The
weighted average was 4.4% in Asia, 4.1% in
Europe, and 6.0% in North America. The general
trend of these analyses was not affected when
studies using 0.1%, 0.5%, and 2% PPD were
excluded. The median prevalence for men and
women was 3.3% and 3.1% in Asia and 4.3%
and 4% in Europe, respectively. The weighted
average was also higher among men (4.7%) than
among women (3.5%) in Asia, whereas more
women (3.9%) than men (3.6%) were sensitized
in Europe. Sex analysis was not performed in
studies from North America due to insufficient
data.

Figure 1 shows a widespread increase in the pre-
valence of PPD sensitization among Asian derma-
titis patients since 1984. From the 1990s until
the present day, sensitization prevalences have
ranged between 2% and 14%. Figure 2 shows
the PPD sensitization prevalence among dermati-
tis patients in Europe. Apparently, a decrease in
the 1970s has been replaced by a plateau with
steady, high prevalences ranging between 2%
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Fig. 2. The prevalence of positive patch
test reactions to PPD (1% in pet.) among
European patch test populations. Pet.,
petrolatum; PPD, p-phenylenediamine.
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and 6%. Despite a decreasing tendency, PPD sen-
sitization prevalences are generally higher in
North America than in Europe (with the majority
ranging between 4% and 7%) (Fig. 3). Table 4
shows PPD sensitization prevalence in general popu-
lations from Europe, Thailand, and Australia.
The highest estimate was identified in a Thai popu-
lation (2.7%), whereas in one other study, no
cases were identified in, e.g., the first Glostrup
study from 1990. The median prevalence and
weighted average of PPD sensitization in the general
population were 0.3% and 1.0%, respectively.
The majority of patch test populations were
tested with the standard test series. TRUE tests
were only used in a few dermatitis populations
in Europe and Asia and never reported from
centres in North America. In the general popu-
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Test year

lations, TRUE tests were used in 6 (35%) of
17 studies. No significant differences regarding
age and sex were identified between the patch
test populations in Asia, Europe, and North
America. Finally, patch readings were only rarely
performed on D7 in Asian patch test populations
compared with European and North American
test populations.

Discussion

This study shows the development of contact
allergy prevalences to PPD on three different
continents (Figs 1-3). The weighted prevalence
average was 4.4% in Asia, 4% in Europe, and
6% in North America. These estimates did not
differ much from their corresponding median

20 +
+ Prevalence of PPD
18 —  sensitization
16
14

Percentage
>

8 *
* *
*
6 * 2 d .
* *
4 Lo

Fig. 3. The prevalence of positive patch

test reactions to PPD (1% in pet.) among 0+
North American patch test. Pet., petro-
latum; PPD, p-phenylenediamine.
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prevalences. In Europe, high levels of PPD sen-
sitization were observed in the 1970s. A lower,
and apparently stable, plateau with prevalences
ranging between 2% and 6% has since been
reached. Individual patch test centres in England
(15), Sweden (16), Denmark (17), and Germany
(18) have recently demonstrated increasing prev-
alences of PPD sensitization. However, data
from Finland (19) and Poland (20) have not
shown any increase. PPD sensitization is still
common in Europe. Sex analysis showed that
more women than men were PPD sensitized. This
is in accordance with a higher exposure of hair
dyes in women in Europe (95).

A higher weighted prevalence average of PPD
sensitization was identified in North America with
4-7% patients sensitized to PPD. However,
a steady decrease has been observed since the
1970s and further studies will show whether this
trend is maintained. We were not able to explain
the high prevalence in North America, but we
speculate that it may be a result of large African—
American and Hispanic-American populations
(who may tend to opt for darker shades of hair
dye) or simply a result of different hair dyeing
habits. Alternatively, there may be different
patient selection criteria for patch testing in North
America owing to different health care systems.

In Asia, the literature documents evidence of an
epidemic of contact allergy to PPD. Sensitization
prevalences ranged between 2% and 12% with
numerous studies performed in recent decades.
The weighted prevalence average showed that
the prevalence of PPD sensitization was higher
in Asian men than in women. This may be partly
explained by different cultural practices, such as
dyeing grey facial hair. Facial hair needs to be
dyed more often than scalp hair, perhaps increas-
ing the risk of sensitization. Also, it seems plausi-
ble that darker shades of hair dye would be more
popular in Asia than lighter shades. Finally, it is
possible that more concentrated forms of PPD dye
are used as a result of insufficient adherence to
instructions when mixing powdered PPD.

The PPD prevalences identified in Asia may
be conservative estimates as no clinics document
performing late patch readings. It has been dem-
onstrated previously that D6/D7 readings may
identify additional patients sensitized to PPD
(17, 21, 22). However, it has also been debated
whether some late reactions to PPD are a result
of active sensitization (23-25). In China, there is
no current legal requirement for ingredient label-
ling on cosmetic products (26). With a booming
economy and potential influence of western life-
styles, it is possible, and even probable, that
millions of Chinese citizens will become exposed

to PPD in hair dyes in the near future. We urge
close monitoring of trends in PPD patch test pos-
itivity in Asia generally. Furthermore, one should
be aware that other hair dye ingredients are also
capable of sensitizing upon exposure (27, 28).

Lower prevalence of PPD sensitization was
identified in general population compared with
patch test populations. As several large studies
(35%) were performed with TRUE tests, this
may underestimate true prevalence. The TRUE
test may give false negative reactions to PPD when
compared with test systems using allergens in
Finn® chambers (29-31). Furthermore, some
studies only performed D2 readings, which intro-
duce the possibility of a substantial number of
missed positive reactions (17, 21). Thus, popula-
tion based studies did not allow us to estimate
whether PPD sensitization has increased or
decreased in recent decades.

When analyzing epidemiological data, one
should be aware of potential pitfalls. Firstly, patch
test populations should ideally be standardized to
make exact comparisons. Despite the fact that the
vast majority of patch test populations were not
standardized, the age and sex distributions were,
to a great extent, comparable, especially when
data were stratified into different geographical
regions. Thus, potential bias caused by the lack
of standardization appears limited, and a compari-
son of patch test results in this study seems justi-
fied. Secondly, patch test readings should be
performed using identical criteria. This is difficult
to assess, but most studies reported that they used
the criteria of the International Contact Dermati-
tis Research Group (32). Thirdly, comparable test
systems and test concentrations should be utilized.
Because standard patch test series were used in the
majority of dermatitis patients, we estimate that
the test systems and their results were broadly
comparable. Finally, patient selection criteria
should optimally be identical, which was clearly
not the case with so many different health care
systems involved.

The relevance of PPD reactions to the present-
ing complaint may be 44-47% (33) or 64% (34).
Furthermore, a recent meta-analysis assessed that
PPD ranked 9 of 24 TRUE test allergens in terms
of relevance of positive reactions (35). Neverthe-
less, it is important to realize that reactions that
are ‘not relevant’ are also of epidemiological
importance. Indeed, as the prevalence of allergy
increases in the general population, one would
expect the number of reactions ‘incidentally found’
to increase, as observed with nickel allergy. In
apopulation with a high frequency of sensitization,
many are at risk of clinical reactions, which in the
case of PPD sensitization may be severe.
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Some authors have quoted exposures other
than from hair dyeing as causes of PPD allergy.
Many of these, e.g. fur dyes, printer’s ink, photo-
graphic work, X-ray film fluids, and rubber vul-
canization are mainly of historical interest. A
more recent cause, temporary henna tattoos, only
caused 2.6% of all PPD reactions in one recent
report (15), although it is conceivable that this
could be higher in other centres or in the future.
Cross-reactions to other allergens in the baseline
series are also quoted, such as with benzocaine
and IPPD (N-isopropyl-N'-phenyl-paraphenyle-
nediamine). However, these have recently been
reported as being uncommon (10% and 3%,
respectively) and with benzocaine, more related
to the severity of the PPD reaction (36, 37). Azo
dyes may also cross-react to PPD, and it has been
assessed that 20-28.5% of patients sensitized to
textile dyes also have positive reactions to PPD
(38-41). Exposure to azo dyes from shoes may
cause foot dermatitis and cross-sensitization to
PPD (42). However, the primary cause of sensiti-
zation in dermatitis patients in general is most
often with PPD, whereas primary sensitization to
azo dyes is much less common (38, 41, 43). Cross-
reactions with other aromatic amines such as
p-toluenediamine (PTD) may also occur (44).
However, as sensitization from both PPD and
PTD predominantly comes from hair dye expo-
sure, and the general advice to allergic patients
is to avoid all aromatic amine hair dyes due to
cross-reaction potential, the primary cause of sen-
sitization is of limited importance, other than the
realization that permitted concentrations of both
agents should be regulated if prevalence of hair
dye allergy is to be controlled. Finally, it is gen-
erally acknowledged that occupational cases only
account for a minority of cases (36, 45). Taken
together, the predominant cause of PPD allergy
is consumer-related hair dye exposure (46—48).
This was appreciated decades ago when Baer
et al. speculated that the increasing prevalence
of PPD sensitization between 1937 and 1962 was
caused by frequent hair dyeing (49).

Conclusion

This review of published data demonstrates that
the prevalence of PPD sensitization is high among
dermatitis patients in Asia, Europe, and North
America. Relevant positive PPD reactions are
most often associated with hair dye exposure,
although some positive reactions may be the result
of cross-sensitization. Nevertheless, affected indi-
viduals are at risk of clinically severe reactions
upon hair dyeing. Because hair dyeing is now a
frequent cosmetic procedure in both men and

women, stronger regulation to reduce and/or elim-
inate exposures and enforcement of this are
required urgently.
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