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Consumer Allergy to Oxidative Hair Coloring Products:
Epidemiologic Data in the Literature

Maya Krasteva, Brigitte Bons, Cindy Ryan, and G. Frank Gerberick

Oxidative hair dyes have repeatedly come to the attention of the dermatologic community owing to concerns about contact
dermatitis. A review of the scientific literature provides insight into the prevalence of p-phenylenediamine (PPD)-sensitized
individuals and on the prevalence of hair dye dermatitis in various types of patient and nonpatient populations mainly from Europe
and from the United States and Asia. Most of the results are obtained through patch testing with PPD. PPD is one of the main
oxidation colorants; however, patch-test prevalence of PPD is not equivalent to prevalence of hair dye allergy. An analysis shows no
clear increase in the frequency of positive patch-test reactions to PPD in eczema patients and in the general population. All the
parameters through which the frequency of hair dye dermatitis resulting from exposure to PPD is evaluated have been stable in
Europe, with a few exceptions that are discussed in the review. There is a statistically significant decrease (p < .0001) in the
prevalence of positive patch-test reactions to PPD in North America (1970 to 2002). Data from studies in Asia are difficult to interpret.

Pooled prevalence rates of positive patch-test reactions to PPD were calculated for the three continents.

XIDATIVE HAIR DYES based on intermediates such
O as p-phenylenediamine (PPD) and p-toluenedia-
mine are among the most studied and regulated consumer
products. They have repeatedly come to the attention of
the dermatologic community because of concerns about
contact sensitivity (type IV allergic reactions). Contact
sensitivity to oxidative hair dyes has been known for more
than 100 years. Despite intensive research carried out by
the industry, no viable alternative technology to oxidation
hair coloring has emerged. Consequently, a set of
preventive measures have been put in place.'”

In 2006 and 2007, it was reported that contact allergy to
PPD had increased significantly in the general popula-
tion.* In 2006, PPD was named Contact Allergen of the
Year by the American Contact Dermatitis Society
(ACDS).

The objective of this article is to review published
epidemiologic data on consumer allergy to hair coloring
products in various types of patient and nonpatient
populations during the period of 1967 to 2007. The
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DECKER

purpose of this analysis is to gain insight into the
proportion of individuals with hair-dye-related allergic
contact dermatitis in the dermatologic and general
populations, as well as to determine whether any trend
of increase or decrease emerged in the period studied.

Materials and Methods

A literature search was performed on PubMed and
Medline. Search terms included “p-phenylenediamine”
and related abbreviations, “hair colorant” and synonyms,
“patch test,” and
“prevalence.” Referenced articles in available publications
were traced and also analyzed.

>

allergy,” “sensitization,” “dermatitis,’

Studies with unclear methodology and contradicting
results were not included in the review. Studies on selected
age groups (eg, elderly persons, children) or on particular
presentations and pathologies (eg, facial dermatitis, hand
eczema, cosmetic dermatitis, hospitalized patients) were
not included in the sections on unselected eczema patients
and the general population.

Value of Positive Patch-Test Reactions to PPD as
Indicators of the Prevalence of Hair Dye Contact
Dermatitis

Most of the literature is based on the prevalence of positive
patch-test reactions to PPD in the dermatologic popula-
tion. PPD is included in the standard patch test series,
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which is used to test virtually all dermatologic patients
who have clinical manifestations that may correspond to
allergic contact dermatitis (eg, patients referred for patch
testing, unselected eczema patients). Currently, all stan-
dard patch test series include PPD 1% in petrolatum.
Patch-test results are evaluated according to the
International Contact Dermatitis Research Group
(ICDRG) grading scale. A true positive patch-test result
(not a false positive) is an indicator that the patient is
sensitized to the allergen tested; it does not mean that the
patient has already had clinical manifestations of contact
dermatitis. In many cases, contact sensitivity is clinically
silent,” and exposure under normal product use conditions
may not elicit allergic contact dermatitis. When there is a
positive patch-test result, the causal relationship with a
given type of product containing the allergen to which the
patient has reacted should be investigated by looking for a
correlation with the clinical symptoms of the patient.®’
Thus, the site and distribution of lesions, the time of onset
of the clinical reaction, and the reproducibility of clinical
symptoms under product reintroduction and their disap-
pearance under allergen avoidance should be relevant to
the possible use of the suspected product.

Strongly positive patch-test reactions (++ and +++)
usually have a higher clinical relevance than weakly
positive patch-test reactions have.'® The elicitation and
severity of clinical contact dermatitis are dependent on
exposure conditions (for example, elicitation with increas-
ing allergen concentration in the product applied),'" and
individuals can exhibit a patch-test response to an
ingredient but be known to not have any clinical contact
dermatitis from exposure to that ingredient. A strong
linear relationship was found in a study between the
strength of the patch-test reaction to PPD and the
possibility of continuing hair dyeing; patients with
stronger patch-test reactions (++ and 4+++) were more
likely to have a clear history of reacting to hair dye and
were less likely to still be dyeing their hair.'* However, the
rate of strongly positive reactions is reported very
infrequently.

For PPD, a true positive patch-test result is not always
related to sensitization induced by hair coloring products;
it may be secondary to cross-reactions with some other
allergens'” or be due to black henna tattoos (known to
contain high levels of PPD).'* Therefore, epidemiologic
data about the prevalence of positive patch-test reactions
to PPD may give some indication of the prevalence of hair
dye dermatitis in the respective populations, but the
equivalence between these two sets of data is far from
automatic.

PPD base was tested at 1% (in petrolatum) under
different patch-test chambers (most frequently Finn
Chambers [Epitest Ltd Oy, Tuusula, Finland]) throughout
the whole period of observation except in the years 1984 to
1988, when it was tested as 0.5% PPD dihydrochloride in
Europe. To date, hundreds of thousands of dermatologic
patients have been tested with PPD, and the prevalence of
positive patch-test reactions throughout the years in
different countries may give valuable information as to
the rate of contact sensitivity to the chemical. However it
should be taken into consideration that the positive patch-
test reactions’ clinical relevance to hair dye use is rarely
reported.

Prevalence of Positive Patch-Test Reactions to PPD
in Unselected Eczema Patients

Almost all studies were carried out with standard series,
and data on relevance to the different allergens are usually
lacking. Most European and North American studies
included in this review involved at least 1,000 patients.
Studies in Asia are usually done on small panels and with
significantly less than 1,000 patients in most instances. To
ensure good visibility while representing a maximal
number of studies, Figure 1, Figure 2, and Figure 3,
respectively, show a minimum of 4,000, 1,000, and 100
patch-tested patients in Europe, North America, and Asia.

Data on the prevalence of positive reactions to PPD
were completed with information on the proportion of
strong positive reactions (++ and +++) when available
(Table 1). In most instances, the prevalence of positive
patch-test reactions to PPD in unselected eczema patients
in Europe was found to be between 1 and 6%. A decrease
in the prevalence of positive patch-test reactions to PPD
between 1985 and 1988 was obvious in Europe and is likely
owing to a decrease in PPD diagnostic patch-test
concentration from 1.0% (PPD base) to 0.5% (PPD
dihydrochloride) (Figure 1). This decrease affected studies
carried out in periods that included some of these years
and for which a mean percentage of positive patch-test
reactions to PPD were reported.

Five European multicenter studies have been carried
out since 1967. The first European multicenter study (1967
to 1968) found positive reactions to PPD in 4.9% of
patients.'”” The last European multicenter study was
carried out by the European Surveillance System of
Contact Allergies in 2004 in 11 countries (31 dermatology
departments) and found a mean prevalence of 4.1%.'° The
mean prevalence in the other three European studies
fluctuated between 2.3 and 3.9%. These most representa-
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Table 1. Prevalence of Positive Patch-Test Reactions to p-Phenylenediamine in Unselected Eczema Patients in Europe

PPD-Positive Patients

Country and Study Dates PPD Tested (%)* UE Patients Tested No. %
Austria
Krinke et al® 1992 1 6,111 110 1.8
1993 5,433 120 22
Belgium
Oleffe et al®® Before 1972 1 300 37 9.7
(no dates)
Dooms-Goossens®’ 1978-1985 — 6,818 452 6.6
Bulgaria
Krasteva®® 1978-1990 1 8,051 407 5.1
Czech Republic
Machovcova et al® 1997-2001 1 12,058 242 2.0
Denmark
Hammershoy70 1973-1977 1 3,225 42 1.3
Christophersen et al”! 1985-1986 0.5 2,166 6 0.3
Veien et al” 1975-1980 1 3,664 46 1.2
1986-1990 6,759 24 0.4
Thyssen et al® 2001-2005 — 14,284 343 2.4 (0.9 unequivocal,
/)
European Research Group (7 countries)
Fregert et al' 1967-1968 1 4,825 236 4.9
Europe (EECDRG, 6 countries)
Dooms-Goossens et al’ Before 1989 1 2,070 47 2.3
(no dates)
Europe (EECDRG, 9 countries)
Bruynzeel et al’* 1996-2000 1 26,210 1,022 3.9
Europe (ESSCA, 9 countries)
Uter et al” 20022003 1 9,140 302 3.3 (1.9 unequivocal,
/)
Europe (ESSCA, 11 countries)
ESSCA Writing Group'® 2004 1 9,905 404 4.1
Finland
Hasan et al’® 1995-1997 — 9,373 187 2.0
2000-2002 11,784 236 2.0
Germany
Limmer”’ 1970-1975 1 4,875 177 3.6
Gollhausen et al”® 1977-1983 1 11,962 201 4.1
Enders et al”’ 1987 — 1,845 90 4.9
Hoeller et al* 1980-1986 1 3,606 99 2.5
1987-1993 3,304 182 5.5
2004 201 16 8.0
Germany, Austria, Switzerland (IVDK)
Schnuch et al'” 1990-1995 1 36,491 1,824 5.0
Uter et al'® 1992-1996 — 45,250 2,182 4.8 (range, 4.3-5.4)
Brasch et al®® 1993-1999 1 32,779 1,367 4.2 (1.7 unequivocal,
++H/+++)
Schnuch et al'® 1992-2000 — 78,067 3,591 4.6 (2.0 unequivocal,
++H/+++)
Geier et al* 1999-2001 1 25,451 1,095 4.3
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Table 1. Continued

PPD-Positive Patients

Country and Study Dates PPD Tested (%)* UE Patients Tested No. %
Worm et al*! 2001-2004 1 30,740 1,230 4.0
Hillen et al®' 2003-2004 1 1,428 46 3.2
Schnuch et al'>* 1995-2004 1 83,030 3,307 4.0

Italy (GIRDCA)

Gola et al* 1984-1988 0.5 42,839 761 2.4-7.6
Sertoli et al® 1989-1993 1 720 4.1
Lisi et al® 1999 — 8,573 307 3.6

Netherlands

Young and Houwing®’ 1974 1 250 5 2.0
1984 614 21 3.4

De Groot™® 1981-1986 — 1,781 26 1.5
Devos and van der Valk®’ 1992-1994 1 678 29 4.3
1995-1999 2,058 63 3.1

Koopmans and Bruynzeel 38 1996-1999 — 2,375 71 3.0
van der Valk et al® 1995-2000 — 1,701 49 2.9

Poland
Rudzki and Rebandel®” 2000—2006 — 7,125 253 3.6

2000 3.7
2006 3.4

Spain
Romaguera and Grimalt®® 1973-1977 1 4,600 278 6.1
Camarasa®’ 1977 1 2,806 278 9.9
Miranda-Romero et al” 2000 — 4,310 234 5.4

Sweden
Edman and Méller™ 1969-1980 1 8,933 — 2.2-5.2

Sweden (7 centers)

Wahlberg et al®* 1980-1984 1 — — 1.7
1985-1988 0.5 — — 0.5
1989-1992 1 — — 1.5
1993-2000 1 21,840 358 1.6

Sweden (9 centers)

Lindberg et al* 1991-1993 1 3,680 52 1.4
1999-2001 3,790 76 2.0

Switzerland
Bruckner-Tuderman et al®! 1989 — 921 50 5.4
Bangha and Elsner®” 1990-1994 — 5,565 204 3.7

UK
Vestey et al” 1982-1985 1 496 24 4.8
Monk®* 1993-1996 — 753 18 2.1

UK (St. John’s)

Armstrong et al** 1982-1998 0.5 and 1 26,706 667 2.5 (range, 0.5-4.2)
Dawe et al* 1990-2000 — 13,300 — 3.4
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Table 1. Continued

PPD-Positive Patients

Country and Study Dates PPD Tested (%)* UE Patients Tested No. %
Patel et al*® 1999-2004 1 6,177 302 4.9
1999 1,190 3.6

2000 1,075 5.4

2001 1,046 4.7

2002 941 4.7

2003 991 4.2

2004 934 7.1

UK (7 centers)
Britton et al*’ 2000 1 3,062 922 3.0
(range, 1.0-4.6)

UK (11 centers)
Statham?® 2004-2007 — 14,064 445 3.8
Total — — 685,990 25,154 3.7

EECDRG = European Environmental and Contact Dermatitis Research Group; ESSCA = European Surveillance System of Contact Allergies; GIRDCA =
Gruppo Italiano Ricerca Dermatiti da Contatto e Ambientali; IVDK = Information Network of Departments of Dermatology (Germany, Austria, and
Switzerland); PPD = p-phenylenediamine; UE = unselected eczema.

*When concentration was specified in the article; when not specified, PPD was usually tested at 1% (PPD base) for the whole period except between 1984
and 1988, when it was tested at 0.5% as PPD dihydrochloride.
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Figure 1. Prevalence of positive patch-test reactions to p-phenylenediamine (PPD) in unselected eczema patients in Europe: 30 studies. (ESSCA =
European Surveillance Systems of Contact Allergies; IVDK = Information Networks of Departments of Dermatology; pts = patients.)
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tive studies in Europe overall do not show an increase in
PPD-positive individuals among patients referred for
patch testing.

The following rates of positive response to PPD as
reported by the Information Network of Departments of
Dermatology (IVDK) in Germany, Austria, and
Switzerland show no increase: 5% for the 1990-1995
period,17 4.8% for the 1992—-1996 period,18 4.6% for the
1992-2000 period,' 4.3% for the 1999-2001 period,** and
4% for the 2001-2004 period average®' (see Table 1 and
Fig 1). These data from overlapping periods of analysis
reflect patch testing on thousands of patients. An analysis
of 83,030 of the same patients tested during a 10-year
period (1995 to 2004) showed an overall prevalence of 4%,
with prevalence fluctuating between 4.7% in 1995 and
3.8% in 2004.">%* One of the centers included in the IVDK
(Aachen) reported a higher prevalence of positive patch-
test reactions to PPD in 2004 as compared to that of
previous periods; however, no statistical analysis was
performed.*

St. John’s Institute in London, United Kingdom,
reported a significant increase of positive patch-test
reactions to PPD in the period of 1982 to 2004, from
3.8% in 1982 to 7.1% in 2004 (p < .001, Cochran-
Armitage trend '[est).24726 However, two multicenter
United Kingdom studies that did not include St. John’s
Institute found a prevalence of 3% in 2000*” and 3.8% in
the 2004—2007 period.”®

Generally, the rates of positive patch-test responses to
PPD appear lower in northern Europe (Denmark, Finland,
and Sweden). A multicenter study demonstrated an
increased prevalence of positive patch-test reactions to
PPD in Sweden by comparing a 2% prevalence in 2000
with a 1.4% prevalence in 1992 (p < .05, chi-square
analysis).” However, previous data from most of the
centers included in that study showed prevalence rates
similar to those seen in 2000, namely, 2.2 to 5.2% in
Malmo between 1969 and 1980°° and 1.7% in seven
centers from 1980 to 1984.°" Therefore, results seem to
be similar during the different periods included in this
review.

The prevalence of positive results to PPD testing in a
multicenter population in North America has been
analyzed for the period 1970 to 2002. A statistically
significant decrease (p < .0001, Cochran-Armitage trend
test) was found despite increasing hair dye use, as shown
by the patch-test results of more than 34,000 patients.’?
Rates of positive patch-test reactions ranged from 8% in
1971 to 1972 to 4.8% in 2001 to 2002, with some
fluctuations (Table 2 and Fig 2). The decrease was

confirmed in a later study (4.7% prevalence in 2003 to
2004).%*

There is no clear indication of an increasing prevalence
of positive patch-test reactions to PPD in Asia (Table 3 and
Fig 3). Frequencies of positive patch-test reactions to PPD
in Asia have varied significantly throughout the years (eg,
the same team found 11.5% in 1998 and 6.4% in
2004).>*%> The small size of the panels in Asia may
contribute to the variability of the results reported.

The clinical relevance to hair colorant use was
investigated in a few studies in Europe and in Asia. In a
4-year period (1997 to 2000), 46 of 181 PPD-positive
patients in a Swedish study (25.4%) reported clinical
manifestations related to hair dye exposureSl; 2 (7.7%) of
26 reactions in PPD-positive patients in the Netherlands
were related to cosmetic use.”® Devos and van der Valk
found that 8 (12.7%) of 63 PPD-positive reactions were
probably or definitely related to consumer hair dye use.””
Koopmans and Bruynzeel found that 13% of positive
reactions to PPD were related to consumer hair dye use.*®
These studies define a range of reactions clinically relevant
to hair coloring products in Europe—between 8% and
25% of all positive patch test reactions to PPD in
consecutive eczema patients.

In studies from China and India, past and present
clinical relevance to hair dye use was found to be between
23 and 73%.>>**™*' The PPD-positive patch-test patients
who had no manifestations related to hair dye use
constituted 2.2 to 6.5% of all consecutive eczema patients
in these studies.

The mean prevalence of positive patch-test reactions
to PPD was calculated for each of the three continents
from studies in which there were sufficient data about
the number of unselected eczema patients and the number
of PPD-positive patients: 3.7% for Europe, 5.7% for
North America, and 4.6% for Asia. Some selected data
are suggestive of an increase. Overall, however, the data
from patch-testing unselected eczema patients do not
indicate clearly that there is an increase in PPD patch-test-
positive individuals in the majority of clinics around the
world.

Dermatologic Patients with Cosmetic Allergic
Contact Dermatitis

Compared to the previous group of unselected patients
referred for patch testing, dermatologic patients with
cosmetic allergic contact dermatitis constitute a more
highly selected population of patients with clinical
manifestations suggestive of allergic contact dermatitis
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Table 2. Prevalence of Positive Patch-Test Reactions to p-Phenylenediamine in Unselected Eczema Patients in North America

PPD-Positive Patients

Country and Study Dates PPD Tested (%)* UE Patients Tested No. %
Canada
Lynde et al” 1972-1981 1 4,190 306 7.3 (range, 5.1-11.4)
Nethercott®® 1977-1979 1 200 6 3.0
Hogan et al”’ 1983-1987 — 542 18 3.3
North America (NACDG)
Rudner et al*® 1971-1972 1 1,200 96 8.0
1972-1974 3,041 185 6.1
Rudner” 1975-1976 1 900-2,000 — 6.2
Lynde et al” 1979-1980 1 1,753-2,145 — 6.5
Storrs et al'®® 1984-1985 1 1,138 78 6.9
Nethercott et al'®! 1985-1989 1 3,980 255 6.4
Marks et al 1995'%2 1992-1994 1 3,515 221 6.3
Marks et al 1998 1994-1996 1 3,111 211 6.8
Marks et al 2000'** 1996-1998 1 3,441 206 6.0
Marks et al 2003'%° 1998-2000 1 5,831 286 4.9
Pratt et al'® 2001-2002 1 4,903 235 4.8
Warshaw et al® 2003-2004 1 5,136 242 4.7
USA
Lepine %7 1973-1975 1 131 11 8.3
Albert et al'®® 1988-1997 1 927 46 5.0
Saripalli et al'® 1995-2001 1 898 46 5.1
Mohammad et al''° 2000-2003 1 103 3 2.9
Wetter et al'!! 1998-2000 1 1,320 65 4.9
Davis et al''? 2001-2005 1 3,832 172 4.5
Total — — 47,439 2,688 5.7

NACDG = North American Contact Dermatitis Group; PPD = p-phenylenediamine; UE = unselected eczema.
*When concentration was specified in the article; when not specified, PPD was usually tested at 1% (PPD base) for the whole period except between 1984

and 1988, when it was tested at 0.5% as PPD dihydrochloride.

from hair dyes, hair cosmetics, or any cosmetic ingredient.
As a result, the prevalence of positive patch-test reactions
to PPD is expected to be greater (Table 4, Figure 4).

A distinction should be made between frequencies of
positive patch-test reactions to PPD found among patients
with cosmetic dermatitis suspected by clinical examination
and among those with cosmetic dermatitis confirmed by
patch testing. The percentage of patch-test-positive
patients usually increases from the first to the second
situation. The prevalence of positive patch-test reactions
varies as well according to the selection of patients with
cosmetic dermatitis; some studies include patients with
manifestations to all kinds of cosmetic products, whereas
other studies are aimed particularly at hair cosmetics or
scalp dermatitis, resulting in a rise in the prevalence of
positive patch-test reactions to PPD.

The prevalence of positive patch-test reactions to PPD
among patients with suspected cases of unselected cosmetic

dermatitis (from all types of cosmetics) ranges between
7.3%** and 23%.* It is higher when only cases related to hair
cosmetics are analyzed (15.4-63.5).*** In a more recent
study, however, in which 151 consecutive patients reporting
skin reactions to cosmetics were tested during 2 years in
three Swedish departments, no causality associated with hair
dyes was found for any of the patients.*®

In European studies, the prevalence of positive patch-
test reactions to PPD varies between 4.0% and 10.3%°%*"~*
in patients with confirmed allergic cosmetic contact
dermatitis (from all types of cosmetic products).

The prevalence of positive patch-test reactions is higher
when patients are selected on the basis of reactions to hair
cosmetics (38-97% in patients with confirmed allergic
contact dermatitis from these products).*>***>*

No particular trend could be observed in cosmetic
dermatitis patients, with one exception: an increased
prevalence of positive patch-test reactions to PPD was



130

Krasteva et al

12 —&— Canada, Lynde et al 1982 (4,190 pts)
North America
Number of patients tested by study > 1000 | —— North America, Rudner et al 1975 (4,241 pts) 1677 (300-
2,000 pts)
~—— North America, Lynde et al 1982 (2,145 pts)
~—— North America, Storrs et al 1989 (1,138 pts)
1 0 T ~—— North America, Nethercott et al 1991 (3,980 pts)
~—l— North America, Marks et al 1995 (3,537 pts)
—— North America, Marks et al 1998 (3,111 pts)
n —{— North America, Marks et al 2000 (3,441 pts)
E 8 — 88— North America, Marks et al 2003 (5,831 pts)
E —— North America, Pratt et al 2004 (4,903 pts)
2 —@— USA, Wetter et al 2005 (1,320 pts)
>
= a —a
‘@ —48— USA, Davis et al (2,446 pts)
S —=a [Es)
a 6 [ o | ~—— North America, Warsaw et al 2008 (5,136 pts)
g
v
<
[T}
® g g
a ==
—8
g
[
ES
2 4
A o N > o A N %] » A L S P P I P & & S &
RN SRS S I R I I I I N N S M S

Figure 2. Prevalence of positive patch-test reactions to p-phenylenediamine (PPD) in unselected eczema patients in North America: 13 studies.

(pts = patients.)

found by the IVDK from 1995 to 2002 in patients
suspected of having contact dermatitis from hair cosmetics
(p < .05).** The mean prevalence of positive patch-test
reactions to PPD in this particular group of patients
throughout this period was 15.4%. At the same time, all
confirmed cases of contact dermatitis from hair cosmetics
(not only hair colorants) represented 0.6% of all
unselected eczema patients in this study. The increase
seems to be confirmed by a later IVDK study for the 2003—
2004 period, in which positive reactions to PPD rose to
20.3% in patients suspected of having contact dermatitis
from hair cosmetics. However, the authors suggested that
this increase may have been partly related to stricter
indications for patch testing.”

It is difficult to reach a conclusion about the existence
of any trend of increase in hair dye dermatitis by using raw
data from individual studies because they vary to a great
degree in patient selection. It may be possible to verify any
such trend by investigating whether the proportion of
confirmed hair dye dermatitis cases (clinical manifesta-
tions and positive patch-test reactions to PPD and other

hair colorants) increases in greater and more stable patient
populations. Unselected eczema patients and all dermato-
logic patients are such populations.

In 13 studies (eight in Europe, four in Asia, and one in
the United States), enough data are available to calculate
confirmed hair dye dermatitis rates in which the
denominator used is the number of unselected eczema
patients (see Table 4). These prevalence rates were
sometimes those of confirmed scalp dermatitis from hair
cosmetics in general because it was impossible to
determine the number of cases of contact dermatitis
clearly caused by hair dye.***”** These rates ranged from
0.11 to 5.9% (0.11-1.6% in Europe).’®*** The mean
prevalence of confirmed hair dye dermatitis in unselected
eczema patients thus appears to be less than 1%.
Prevalence tends to be higher in Asia (mean, 2.4%) than
in Europe (mean, < 0.6%).

We have compared the prevalence of confirmed hair
dye dermatitis in unselected eczema patients in Europe
during the period before 1995 and the period after 1995.
Data from three European studies were available for the
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Table 3. Prevalence of Positive Patch-Test Reactions to p-Phenylenediamine in Unselected Eczema Patients in Asia

PPD-Positive Patients

Country and Study Dates PPD Tested (%)* UE Patients Tested No. %
Bangladesh
Akhtar et al'"® 2000—2003 — 250 14 5.6
China
Zhang et al''* 1989 0.5 124 10 8.0
Wang et al'*® 1992-1993 — 88 0 0.0
Fan and Zhao''® 1988-1989 — 204 18 8.8
Liu et al'" 19881996 0.5 1,135 91 8.0
Li et al'?! 2001-2002 — 217 23 10.6
Wang et al* 2001-2003 1 378 38 10.1
Li et al*! 2003-2005 — 599 46 7.7
China-Hong Kong
Lee and Lam 1989''¢ 1986 — 231 0 0.0
Lee and Lam 1996'"” 1987-1988 0.5 437 1 0.2
Lam et a]'?° 1995-1999 1 2,585 154 6.0
India
Sharma and Chakrabarti®* Before 1998 1 200 23 11.5
(no dates)
Sharma et al* Before 2004 — 220 9 6.4
(no dates)
Bajaj et al'** 19972006 1 1,000 53 5.3
Iran
Kashani et al'* 2002-2004 — 250 5 2.0
Israel
Freireich-Astman et al'** 1999-2000 1 943 — 2.5
Lazarov'®® 1998-2004 1 2,156 38 1.8
Japan
Fujiwara et al'* Before 1976 1 155 25 16.1
(no dates)
Hirano and Kunihiko'?’ 1976-1980 1 434 31 7.1
Adachi'*® 1994 1 1,507 92 6.1
Natsuaki'?’ 1998 1 1,573 75 4.8
Korea
Eun'*° 1983-1985 1 937 68 7.3
Moon'! 1986-1993 — 2,326 79 3.4
Pakistan
Hussain et al'*? Before 2002 — 350 20 5.7
(no dates)
Saudi Arabia
El-Rab and Al-Sheikh'?’ Before 1995 1 240 9 3.8
(no dates)
Singapore
Goh"* 1984-1985 1 2,471 83 3.4
Lim et al'® 1986-1990 1 5,557 255 45
Chan et al*’ 1998-1999 1 406 33 8.1
Thailand
Wongpiyabovorn and 2003-2004 — 129 2 1.55

Puvabanditsin®
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Table 3. Continued

PPD-Positive Patients

Country and Study Dates PPD Tested (%)* UE Patients Tested No. %
Turkey
Akasya-Hillenbrand and 1996-1999 1 542 20 3.7
Ozkaya-Bayazit'*®
Akyol et al'*’ 1992-2004 1 1,038 19 1.8
Total — — 29,095 1,346 4.6

NACDG = North American Contact Dermatitis Group; PPD = p-phenylenediamine; UE = unselected eczema.
*When concentration was specified in the article; when not specified, PPD was usually tested at 1% (PPD base) for the whole period except between 1984

and 1988, when it was tested at 0.5% as PPD dihydrochloride.

first period, and data from four studies were available for
the second period (Table 5). According to available data,
the mean prevalence of allergic contact dermatitis from
hair coloring products was less than 0.6% for both periods.
This is in line with a 10-year analysis on 83,030 unselected
eczema patients (IVDK data).'>** Using patch-test out-
comes, clinical manifestations, and occupation (but no

definite data on consumer hair dye exposure in each case),
the authors found that consumer allergy to hair dyes is
responsible for positive patch-test reactions in 0.9% of
unselected eczema patients.

The prevalence of confirmed allergic hair dye derma-
titis in the studies reviewed is between 0.01% and 0.14% of
all patients, with and without eczema®®"? (see Table 4).

18

Asia

16

14

12

10

% PPD Patch-Test-Positive Patients

Number of patients tested by study > 100

<~ Iran, Kashani et al 2005 (250 pts)
—&— Singapore, Goh 1988 (2,471 pts)
—8— Singapore, Lim et al 1992 (5,557 pts)
—&— Singapore, Chan et al 2001 (406 pts)
~X~ China, Zhang et al 1991 (124 pts)
~—O—China, Lee and Lam 1989 (231 pts)
~—— China, Fan et al 1990 (204 pts)
=@~ China, Liu et al 1997 (1135 pts)
—#— China, Lee and Lam 1996 (437 pts)
& China, Li et al 2004 (217 pts)
~—{J— China, Wang et al 2005 (378 pts)
~—O— China, Li et al 2005 (599 pts)
~—— China, Lam et al 2008 (2,585 pts)
== Saudi Arabia, El-Rab et al 1995 (240 pts)
~—@— Japan, Fujiwara et al 1976 (155 pts)
~{— Japan, Hirano et al 1982 (434 pts)
~——f——Japan, Adachi et al 1996 (1,507 pts)
—{— Japan, Natsuaki 2000 (1,573 pts)

India, Sharma et al 1998 (200 pts)

India, Sharma et al 2004 (220 pts)

India, Bajaj et al 2007 (1000 pts)

@ Israel, Lazarov 2006 (2.156 pts)
—@—Israel, Freireich-Astman et al 2007 (943 pts)
©  Thailand, Wongpiyabovorn et al 2005 (129 pts)

—@— Bangladesh, Akhtar et al 2004 (250 pts)
—— Pakistan, Hussain et al 2002 (350 pts)
—@— Turkey, Akasya-Hillenbrand et al 2002 (542 pts)
—&— Turkey, Akyol et al 2005 (1,038 pts)
—i—Korea, Eun 1986 (937 pts)
~—#— Korea, Moon 1995 (2,326 pts)
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Figure 3. Prevalence of positive patch-test reactions to p-phenylenediamine (PPD) in unselected eczema patients in Asia: 30 studies. (pts =

patients.)
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Table 4. Prevalence of Positive Patch-Test Reactions to p-Phenylenediamine in Patients with Allergic Cosmetic Contact Dermatitis and

Prevalence of Patients with Allergic Hair Dye Contact Dermatitis among Unselected Eczema Patients and All Dermatologic Patients

PPD-
Positive  Positive Patch-Test Reactions — Allergic Hair Dye
ACCD to PPD among ACCD Dermatitis among
Country Dates Tested Patients with ACCD  Patients Patients Dermatologic Patients
Belgium

Broeckx et al*’

Kohl et al*®

China

Wang et al*

Li et al*!

European survey
Frosch et al'*®

Europe (6 centers)

4
Goossens et al*®

Germany, Austria,

Switzerland (IVDK)

Uter et al**

Uter et al®

Hillen et al'*’

India

Penchalaiah

et al'*®

Before 1987
(no dates)

1998-1999

2001-2003

2003-2005

1988-1991

1996

1995-2002

1995-1996
1997-1998
1999-2000
2001-2002
1995-2002
(confirmed
dermatitis from
hair cosmetics)
2003-2004

1993-2003

Before 2000
(no dates)

5,202 UE pts, 156 with 16
confirmed ACCD, 42
with confirmed ACCD
from hairdressing
products

819 UE pts, 297 with 17
confirmed ACCD

378 UE pts, 138 with 22
suspected ACCD, 37 with
confirmed ACCD

599 UE pts, 93 with 20
suspected ACCD, 48 with
confirmed ACCD

104 with suspected ACCD 20
from hair cosmetics

475 pts with confirmed 33
ACCD

77,901 UE pts, 1,217 with —
suspected dermatitis
from hair cosmetics

266 33
391 47
257 49
303 50
473 179
394 with suspected 80
dermatitis from hair
cosmetics
1,222 with suspected 144

allergic contact
dermatitis of scalp

50 with suspected ACCD, 8
31 with suspected ACCD
from hair dyes

10.3% of confirmed
ACCD; 38.1% of
confirmed ACCD from
hairdressing products

2.1% of confirmed
ACCD

17.4% of suspected
ACCD, 59.5% of
confirmed ACCD

21.5% of suspected
ACCD, 41.7% of
confirmed ACCD

19.2% of suspected
ACCD

6.9% of confirmed
ACCD

15.4% of suspected
dermatitis from hair
cosmetics

12.6%
12.0%
19.0%
16.6%
37.8% of confirmed
dermatitis from hair
cosmetics

20.3% of suspected
dermatitis from hair
cosmetics

11.8% of allergic contact
dermatitis of scalp

16% of suspected ACCD,
25.8% of suspected
ACCD from hair dyes

< 0.8% of UE pts
(n = 42 allergic to hair
cosmetics)

< 1.6% of UE pts
(n = 13 with scalp
dermatitis)

5.8% of UE pts (n = 23)

3.3% of UE pts (n = 20)

< 0.6% of UE pts
(n < 473 allergic to
hair dyes and hair
cosmetics)
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Table 4. Continued

PPD-
Positive  Positive Patch-Test Reactions  Allergic Hair Dye
ACCD to PPD among ACCD Dermatitis among
Country Dates Tested Patients with ACCD  Patients Patients Dermatologic Patients
Mehta and Before 2001 50 with suspected ACCD 9 18% of suspected ACCD —
Reddy""! (no dates)
Tomar et al'*? Before 2005 50 with suspected ACCD, 7 14% of suspected ACCD, —
(no dates) 33 with confirmed ACCD 21.2% of confirmed
ACCD
Kumar and Before 2006 50 with suspected ACCD 7 14% of suspected —
Paulose'*? (no dates) ACCD
Italy
Angelini et al* 19681983 8,230 UE pts, 52 with 33 63.5% of suspected ACCD 0.4% of UE pts (n = 34)
suspected ACCD from from hair cosmetics, 97%
hair cosmetics, 34 with of confirmed ACCD from
confirmed ACCD from hair cosmetics
hair cosmetics
Guerra et al*? 1985-1990 261 with suspected ACCD 19 7.3% of suspected ACCD —
from hairdressing from hairdressing
products, 49 with products, 38.8% of
confirmed ACCD from confirmed ACCD from
hairdressing products hairdressing products
Japan
Ishihara et al* 1970 24,564 (all pts) — — 0.14% of all pts (n = 34)
1978-1980 13,787 (all pts) — — 0.12% of all pts (n = 17)
Netherlands
De Groot>° 1981-1986 18,747 (all pts), 1,781 UE 3 4% of confirmed ACCD 0.01% of all pts, 0.1% of
pts, 75 with confirmed UE pts, (n = 2)
ACCD
Devos and 1995-1999 2,058 UE pts — — 0.4% of UE pts (n = 8)
van der Valk’’
Portugal
Antunes'** 1993-1998 1,934 UE pts — — 0.6% of UE pts (n = 12)
Singapore
Goh'* 1984-1985 70,289 (all pts); 2,471 UE 24 20.9% of confirmed 0.03% of all pts, 1% of
pts, 115 with confirmed ACCD UE pts (n = 24)
ACCD
Chan et al*’ 1998-1999 406 UE pts — — 5.9% of UE pts (n = 24,
present and past
relevance)
Spain
Gomez-Vazquez 2000 53 with suspected ACCD, 8 23% of confirmed —
et al*? 34 with confirmed ACCD ACCD
Sweden
Wahlberg et al®! 1997-2000 ~10,920 UE pts (mean, — — 0.4% of UE pts (n = 46)
2,730 per year)
USA
Adams and 1977-1983 281,100 (all pts); 13,216 UE 41 5.7% 0.02% of all pts, 0.3% of
Maibach®! pts, 713 with confirmed UE pts (n = 45)

ACCD

ACCD = allergic cosmetic contact dermatitis; IVDK = Information Network of Departments of Dermatology; PPD = p-phenylenediamine; pts = patients;
UE pts = unselected eczema patients.
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Hair cosmetics:
38-97% (confirmed

Confirmed cosmetic
dermatitis (all cosmetic
products): 4-10.3%

Unselected eczema
patients: 1-6%

General p (low preval high
proportion of false-positive reactions): 0-1.5%

Figure 4. The prevalence of positive patch-test reactions to p-
phenylenediamine (PPD) differs whether assessed in patient or
nonpatient populations.

Prevalence of Positive Patch-Test Reactions to PPD
in the General Population

There have been a few patch-test studies in the general
population. It has been acknowledged that patch testing
has a limited diagnostic performance (in terms of a low
positive predictive value and a high proportion of false-
positive reactions) in a population with low disease
prevalence.’>** The prevalence of positive patch-test
reactions to PPD in the European general population
ranges from 0 to 1.5% (Table 6).”>® However, the highest
prevalence (1.5%) was found in a population that was not
totally unselected but had a significant proportion of
patients with a history of adverse skin reactions (32.3%)
and previous patch testing (27.2%). A causal relationship
of PPD-positive patch-test reactions with hair dye use was
not documented in any of these studies. A review of the
available studies found no indication of an increase of
PPD-sensitized individuals in the general population. The
three studies carried out in the last decade (later than
1997) found the prevalence of positive patch-test reactions
to PPD to be less than 0.3%.”"~°

Table 5. Prevalence of Patients with Confirmed Hair Dye Allergic Contact Dermatitis among Unselected Eczema Patients

Prevalence of Patients with

Patients with Confirmed  Allergic Hair Dye Dermatitis

Consecutive Allergic Hair Dye Contact among UE Patients
Country and Study Dates Eczema Patients Dermatitis (%)
Belgium
Broeckx et al*’ Before 1987 5,202 < 42% < 0.8*
(no dates)
Kohl et al* 1998-1999 819 < 13* < l.6*
Italy
Angelini et al*’ 1968-1983 8,230 34 0.41
Netherlands
De Groot™ 1981-1986 1,781 2 0.11
Devos and van der Valk®” Before 1995 15,213 <52 < 0.52
1995-1999 2,058 8 0.39
Sweden
Wahlberg et al®* 1997-2000 10,920 46 0.42
Germany, Austria,
Switzerland (IVDK)
Uter et al*! 1995-2002 77,901 < 473% < 0.6
After 1995 91,698 < 540 < 0.59

IVDK = Information Network of Departments of Dermatology; UE = unselected eczema.
*Confirmed cases of allergic contact dermatitis from hair cosmetics and not only to hair coloring products.
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Table 6. Prevalence of Positive Patch-Test Reactions to p-Phenylenediamine in the General Population (population-based

epidemiological studies and estimations)

Country and Study Dates

Positive Patch-Test

Individuals Tested Reactions to PPD* (%)

Australia

Greig et al®! Before 2000 (no dates)

Denmark
Nielsen Mennée>® 1990
Mortz et al'*® 1995-1996
Nielsen et al'*’ 1998
Denmark (extrapolation from
DCDG data)

1996-2005 (based on 2001-2006
patch-test data)

Thyssen et al®

Italy
Seidenari et al'*® Before 1990 (no dates)
Germany
Schifer et al® 1994-1995
Germany (extrapolation from
IVDK data)
Schnuch et al*’ Based on 1992-2000 patch-test
data
Schnuch et al'>* Based on 1995-2004 patch-test
data
Norway

Dotterud and 2007 (no dates)
Smith-Sivertsen®”
Poland
Spiewak™® 2002
Portugal
Oliveira >’
Thailand
White et al®

1997-1998

Before 2007 (no dates)

219 0.0
290 0.0
1,146 0.2
469 0.2
14,248 Worst-case scenario: 0.53 (all); 0.2

(unequivocal)
Medium-case scenario: 0.39 (all);
0.15 (unequivocal)

593 0.5
1,141 1.5
9,266 Worst-case scenario: 1.6 (all); 0.7

(unequivocal)
Medium-case scenario: 0.7 (all);
0.3 (unequivocal)

83,030 0.49 overall; 0.11 consecutive to
consumer hair dye use
1,236 0.3
135 0.0
205 0.0
2,545 2.7

DCDG = Danish Contact Dermatitis Group; IVDK = Information Network of Departments of Dermatology; PPD = p-phenylenediamine.

Data from population-based studies are completed by
prevalence estimates.'”***® One IVDK study and one
Danish study are based on extrapolations from patch-test
data on dermatologic patients, using correction factors
such as sales data on patch-test allergens, country
population size, and patch testing practices.'”*® These
two studies provide data on worst-case and medium-case
scenarios, which are further subdivided into (1) the total
number of positive patch-test reactions expected (+, ++,
and +++) and (2) unequivocal reactions (++ and +++).
Thus, as determined from the two studies, the percentages
of unequivocal reactions to PPD expected in the general

population are between 0.15% and 0.30% for the medium-
case scenario and between 0.2% and 0.7% for the worst-
case scenario.

A second IVDK study based on the 10-year prevalence
of positive patch-test reactions to PPD (1995 to 2004)
estimated the prevalence of such reactions to PPD in
the general population at 0.49%.'»** The study also
estimated that 0.11% of the general population had
positive patch-test reactions causally related to consumer
hair dye use.

The only studies on the prevalence of positive patch-
test reactions to PPD in the general population outside



Consumer Allergy to Oxidative Hair Coloring Products 137

Table 7. Consumer Complaint-Based Studies

Country and

Individuals Reporting Reactions *

Study Dates No. of Individuals Surveyed Confirmation by Patch Test
Denmark
(interview)
Sosted et al  2000-2002 (called specifically for 55 (published ad, 89,200 copies); 88 16 patch-tested and positive; impossible to
200214 individuals with reactions) responded, but 33 did not fit determine %
inclusion criteria
Sested et al 2003 1,254 who had ever dyed their hair; 5.3% (67)
2005"° 2,593 total surveyed 2.6%
Italy
Di Giovanni 2004 3,528 < 1.4% (all hair cosmetics)
et al'!
Sweden
Berne et al** 1991 1,077 0.0%

Europe have been carried out in Australia (0% preva-
lence)®" and Thailand.®> A prevalence higher than that
found in Europe was found in the Thailand study (2.7%).
As in Europe, the relevance of positive patch-test reactions
has been unreported. The use of darker dyes in Thailand
was suggested as an explanation for the higher prevalence
of positive patch-test reactions to PPD. The high
prevalence in the Thai general population found in this
study is, however, in contradiction with a study of Thai
unselected eczema patients.63 Paradoxically, a lower
prevalence (1.55%) was found in unselected eczema
patients in the same area (Greater Bangkok) in the same
period.

Consumer Complaint-Based Studies

In consumer complaint-based studies, consumers are
actively invited to report data about clinical manifestations
occurring after cosmetic (hair colorant) use (Table 7).
Consumer complaint-based studies may be organized
easily, can be performed quickly, and are cost effective.
They are very sensitive tools for detecting complaints that
may be connected with the use of a consumer product in
the general population. However, they involve the analysis
of clinical manifestations that are difficult to ascribe
specifically to allergy or to irritation, and they therefore
tend to overestimate the rate of allergic manifestations
when they are not medically validated and confirmed by
patch testing. Indeed, when consumers are further
examined and patch-tested, the prevalence of confirmed
hair dye dermatitis may be reduced to 0%.°* Interview-
based studies report levels of 0 to 2.6% for the general
population, but the numbers of subjects are small, thus

making extrapolation to a larger population difficult.
Series of clinical cases cannot be used to calculate
frequencies; it is believed that such series serve more
usefully as an alert, signaling that a more in-depth
investigation is required.

Conclusion

Based on our review of the literature, a robust large-scale
epidemiology study examining the incidence of hair dye
allergy based on consumers’ reactions to product use has
not been conducted. If such a study is conducted, it should
be based on consumer data collected via questionnaire,
and diagnoses of hair dye dermatitis should be confirmed
by patch testing and be medically validated.

An overall analysis of the literature with several
parameters does not indicate an increase in PPD patch-
test-positive individuals in the majority of clinics around
the world despite increasing hair dye use (in terms of
consumers and products sold). However, the increasing
prevalence reported by some selected centers should be
followed carefully, and population-based studies should be
carried out to determine the risk factors for hair dye allergy
and the effect of risk management measures.
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