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CONTACT DERMATITIS

The effect of population diversity on skin irritation
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The impact of many human variables on the response to skin irritating substances has been studied to
varying degrees, including the impact of age, sex, and atopic status. However, the importance of
ethnic origin has been more difficult to investigate, leading to a relative paucity of compelling data,
either for or against the existence of differences. A primary reason for this lack is that studies on
different ethnic groups often have to be undertaken in different locations thus introducing variables,
e.g. time, environmental conditions that confound interpretations. In the present work, an attempt
has been made to eliminate all variables except ethnicity by conducting a study on 2 distinct popu-
lations (Punjabis and Tamils) at the same location on the same day with a single assessor of the skin
reactions, using sodium lauryl sulfate as the skin irritant. The skin reactions were assessed visually,
and it was demonstrated that the modality of the reactions in these 2 populations had clear differ-
ences, but that the dose–response profiles were very similar. Thus, although the irritant response was
expressed differently (e.g. erythema was much less evident in the darker Tamil population), the
overall outcome was that the populations reacted in an equivalent manner.
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It is well recognized that irritant contact derma-
titis (ICD) responses to skin irritants commonly
show interindividual variation (1, 2). When con-
ducting human volunteer studies in order to gen-
erate risk assessment data on cosmetic products,
a random population is commonly chosen in
which to assess their skin irritation potential.
Examples of such studies include the predictive
human patch test and repeat open application
use methods. Typically, effects of interindividual
variation are controlled by inclusion of a suitable
positive control and sufficient panel size to enable
effective statistical analysis.
There are numerous published reports indicat-

ing that population diversity differences play
a large part in the variation in irritant response
to a known stimulus. For instance, Negroid skin
is considered to be less sensitive than Caucasian
skin, particularly when only visual assessment is
used to compare differences in ICD according to
different ethnicity (3). Consequently, organiza-
tions such as the European Cosmetic Trade Asso-
ciation (COLIPA) recommend that the testing
of finished cosmetic products is conducted using

volunteers from the same population in which
they are intended to be marketed in (e.g. in terms
of sex, age, ethnic origin, and skin type) (4).

Historically, however, many of the reports sug-
gesting a difference in ICD elicited in white and
black skin have only compared erythematous
reactions. It is well documented that this assess-
ment parameter is notoriously difficult to assess in
Negroid skin and hence could be deemed to give
a false impression of skin irritation potential (5).
Indeed, many dermatological disorders present
differently in dark skin and hence assessment of
skin reactions should take into account more than
just an erythema assessment (6). To avoid poten-
tial misinterpretation due to only using visual
assessment of erythema to assess ICD, other stud-
ies have incorporated bioengineering techniques
(typically transepidermal water loss measure-
ments and laser Doppler flowmetry) in order to
compare different populations (7–9). However,
use of other visual assessment parameters (such
as assessing oedema, wrinkling, glazing, skin ero-
sion/scabbing separately) to compare these differ-
ences has not been explored.



Although data are available that compare the
skin irritation response to typical irritants in dif-
ferent Asian subgroups (Chinese, Malay, and
Indian) (9), there are no published data that spe-
cifically look at the effect of population diversity
within a single Indian population. Understanding
interethnic population diversity differences would
help in future evaluations of irritant profiles of
products.
Hence, the purpose of this study was primarily to

evaluate the role of interethnic population diversity
in irritant responses to sodium lauryl sulfate (SLS)
by comparing northern and southern Indian popu-
lations (Punjabi and Tamil populations, respect-
ively). Skin tone in the 2 populations is clearly
different, the Punjabi skin being pale brown (north-
ern Indian skin has previously been described as
Caucasoid) (10) and the Tamil skin (which is typ-
ical colouring of southern Indians) being more akin
to the Negroid skin tone (Figs 1 and 2).
To avoid difficulties in interpretation of data

resulting fromonly assessing erythema, several dif-
ferent visual assessment parameters were recorded
and analysed separately in order to determine
whether erythema is the most appropriate end-
point to assess Indian skin.

Materials and Method

Study population

103 healthy adults were recruited into the study
from 2 diverse population groups, Tamils (51 pan-
ellists: 25 men and 26 women) and Punjabis (52
panellists: 27 men and 25 women). Tamils are typ-
ically very dark skinned and come from the far
south of the Indian subcontinent. Punjabis in con-
trast come from the north of India and typically
have skin that is much less dark. All panellists

were aged between 19 and 50 years (mean age
for the Tamil group was 27 years, and mean age
for the Punjabi group was 25 years). The volun-
teers were recruited in Mumbai, India, and all
provided written informed consent prior to par-
ticipating in the study. All volunteers selected had
healthy skin, with no current skin condition or
signs of local skin irritation on the upper arms.
All study procedures were reviewed and approved
prior to study initiation by a local independent
research ethics committee.
Panellists were asked to confirm that they were

of either Tamil or Punjabi descent and that both
their parents were also of the same population
group.
The study was conducted at the Environmental

Safety Laboratory, Unilever, Andheri, Mumbai,
India.

Test materials

1.0%, 2.0%, and 3.0% (w/v) SLS (commercially
available 99% pure sample from Sigma Chemi-
cals, Poole, Dorset, UK) were prepared in distilled
water. Distilled water was also tested as a negative
control.

Method

40 ml of the test materials were applied to fully
occlusive patches constructed of 4-� 12-mm Finn
Chambers1 (Epitest Limited, Oy, Finland) on
Fixomull tape (BDF Beiersdorf AG, Hamburg,
Germany). Each panellist was allocated a random-
ized treatment order, which was used to prepare
patches for the study. Thus, when treatment sites
were assessed they were assessed blind.
The patch was applied for 24 hr to the outer

upper arm of volunteers. After 24 hr, patches wereFig. 1. Punjabi skin tone.

Fig. 2. Tamil skin tone.
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removed, and the treatment sites were marked and
wiped with moistened cotton wool. The skin con-
dition of the treated sites was assessed 1, 24, 48,
and 72 hr after removal of the patch. Erythema,
dryness, and other visual parameters were as-
sessed by a trained skin assessor using an open-
ended grading scheme as previously published
(11, 12).

Analysis of data

The Friedman test was used to compare the max-
imum score elicited, regardless of the parameter
recorded, by each concentration of SLS and water
at both the 1- and 24-hr assessments for the Tamil
and Punjabi groups. This was preferred to a para-
metric alternative such as analysis of variance
(ANOVA) because the responses, whilst ‘ordinal’ in
describing severity, cannot be considered a continu-
ous response. Assumptions of (ANOVA) would
therefore not have been satisfied, and conclusions
could have been misleading.
The Wilcoxon rank sum test was used to com-

pare the 2 ethnic groups in terms of the 6 most
frequently used assessment parameters (erythema,
wrinkling, glazing, oedema, scabbing, and dry-
ness) elicited by the 4 different treatments [water,
1%, 2%, and 3% (w/v) SLS] at each assessment
time (1, 24, 48 and 72 hr).
The Friedman test was also used in order to

compare the actual assessment grades to the 4 dif-
ferent treatments within each ethnic group, at the
4 time intervals.

Because these procedures involved many com-
parisons (at multiple time-points, comparing pairs
of treatments), the default approach of perform-
ing many independent statistical tests each with
a nominal 5% risk of yielding a ‘significant’ result
in the absence of a genuine effect would conse-
quently result in a vastly inflated type I error rate.
In other words, reliable conclusions would be ren-
dered impossible due to the high likelihood of
inaccurate significant conclusions. Hence, Sidak’s
adjustment was applied to both the Wilcoxon
rank sum and Friedman test P values in order
to guard against the effect of these multiple
comparisons.

Results

The grades of reaction elicited by each test mater-
ial for each parameter are summarized in Tables 1
and 2. Dryness is not included as only very low
levels of dryness were elicited during the study.

For both the Punjabi and Tamil groups, the
maximum level of reaction elicited, regardless of
the parameter recorded, by water and each con-
centration of SLS were compared using the Fried-
man test. For both the Punjabi and Tamil groups,
there were significant differences between each of
the substances at both the 1- and 24-hr assess-
ments. The overall rank order of irritation at both
the 1- and 24-hr assessments was as follows:

Punjabi: 3% SLS > 2% SLS > 1% SLS > water.
Tamil: 2% SLS ¼ 3% SLS > 1% SLS > water.

Table 1. Number of Tamil subjects exhibiting each grade of reaction

Time (hr) Grade

Erythema Oedema Scabbing Glazing Wrinkling

w 1% 2% 3% w 1% 2% 3% w 1% 2% 3% w 1% 2% 3% w 1% 2% 3%

1 N 48 17 12 8 50 38 32 24 51 51 50 40 51 22 19 22 50 33 32 35
S 3 30 24 27 1 11 12 14 0 0 1 7 0 24 24 22 1 15 16 15
D 0 4 13 14 0 2 6 11 0 0 0 4 0 5 6 5 0 2 3 1
WD 0 0 2 2 0 0 1 2 0 0 0 0 0 0 1 2 0 1 0 0
St 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

24 N 51 24 14 10 50 45 46 47 51 50 36 30 51 26 13 11 51 39 33 25
S 0 25 24 26 1 6 5 3 0 0 13 12 0 19 35 34 0 10 17 23
D 0 2 13 12 0 0 0 1 0 1 2 8 0 6 1 5 0 2 1 3
WD 0 0 0 3 0 0 0 0 0 0 0 1 0 0 2 1 0 0 0 0
St 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

48 N 51 31 18 11 51 51 50 48 51 47 37 32 51 22 16 10 51 31 23 16
S 0 20 26 31 0 0 1 3 0 2 12 9 0 25 28 28 0 17 19 24
D 0 0 7 9 0 0 0 0 0 1 2 9 0 4 4 11 0 3 8 8
WD 0 0 0 0 0 0 0 0 0 1 0 1 0 0 2 2 0 0 1 3
St 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

72 N 51 36 25 18 51 51 51 51 51 47 34 29 50 36 24 18 51 35 30 20
S 0 15 22 29 0 0 0 0 0 2 14 10 1 14 22 26 0 15 16 23
D 0 0 4 4 0 0 0 0 0 1 3 10 0 1 2 6 0 0 5 8
WD 0 0 0 0 0 0 0 0 0 1 0 2 0 0 2 0 0 1 0 0
St 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0

Time, time of assessment after patch removal; w, water; 1%, 1% (w/v) SLS; 2%, 2% (w/v) SLS; 3%, 3% (w/v) SLS; N, no reaction;
S, slight reaction; D, distinct reaction; WD, well developed reaction; St, strong reaction; SLS, sodium lauryl sulfate.
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The Friedman test was also used to compare the
level of reaction elicited by the test materials for
each different parameter assessed for both the
Tamil and Punjabi groups at each assessment
occasion. At the 1- and 24-hr assessments, there
were significant differences detected between the
level of erythema, oedema, and scabbing elicited
by the different concentrations of SLS, and the
rank order of irritation as assessed by those 2
parameters was as follows:

Erythema (1- and 24-hr assessments)
Punjabi: 3% SLS > 2% SLS > 1% SLS >

water.
Tamil: 3% SLS ¼ 2% SLS > 1% SLS > water.

Oedema (1-hr assessment)
Punjabi: 3% SLS > 2% SLS > 1% SLS >

water.
Tamil: 3% SLS > 2% SLS > 1% SLS > water.

Oedema (24-hr assessment)
Punjabi: 3% SLS ¼ 2% SLS > 1% SLS >

water.
Tamil: 3% SLS ¼ 2% SLS ¼ 1% SLS ¼ water.

Scabbing [24-hr assessment (48- and 72-hr
assessments also)]
Punjabi: 3% SLS > 2% SLS > 1% SLS >

water.
Tamil: 3% SLS > 2% SLS > 1% SLS ¼ water.

3% and 2% SLS elicited significantly higher
levels of scabbing than 1% SLS in the Punjabi
group at the 1-hr assessment. There were no
significant differences in the levels of scabbing

elicited in the Tamil group at the 1-hr assess-
ment. There were no significant differences be-
tween the level of glazing, wrinkling, or dryness
elicited by the 3 concentrations of SLS for either
the Punjabi or Tamil groups at the 1-hr assess-
ment. At the 24-hr assessment, 3% SLS elicited
a higher level of wrinkling than 2% and 1% SLS
in the Tamil group and 3% SLS elicited a higher
level of glazing than 1% SLS also in the Tamil
group. Low levels of dryness were elicited during
the study, and there were no significant differ-
ences between the level of dryness elicited by the
3 concentrations of SLS for either the Punjabi or
the Tamil groups.
The Wilcoxon test was used to compare the

ethnic groups in terms of each of the different
assessment parameters recorded for each test
material at each assessment time. The erythem-
atous reactions elicited by SLS at each concen-
tration were significantly greater in the Punjabi
group than in the Tamil group at the 24-, 48-, and
72-hr assessments (Wilcoxon rank sum test).
A significantly higher level of oedema was

elicited by 2% and 3% SLS in the Punjabi group
compared with the Tamil group at the 24-, 48-,
and 72-hr assessments (Wilcoxon rank sum test).
In the Punjabi group, there was also a single
occasion when there was a significantly higher
level of scabbing elicited by 3% SLS than in the
Tamil subjects; this was recorded at the 48-hr
assessment.
In the Tamil group, glazing, wrinkling, and dry-

ness reactions were greater than in the Punjabi

Table 2. Number of Punjabi subjects exhibiting each grade of reaction

Time (hr) Grade

Erythema Oedema Scabbing Glazing Wrinkling

w 1% 2% 3% w 1% 2% 3% w 1% 2% 3% w 1% 2% 3% w 1% 2% 3%

1 N 45 23 8 3 50 37 19 13 52 51 44 37 51 33 33 24 52 42 46 47
S 6 20 29 24 2 13 21 16 0 1 7 11 1 18 18 25 0 10 6 5
D 1 7 12 17 0 2 10 19 0 0 0 3 0 1 1 3 0 0 0 0
WD 0 2 2 8 0 0 2 4 0 0 1 1 0 0 0 0 0 0 0 0
St 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

24 N 52 13 1 1 52 41 36 33 52 48 30 15 52 37 32 32 52 43 35 35
S 0 20 26 16 0 11 15 17 0 3 13 21 0 15 18 19 0 9 15 17
D 0 19 15 24 0 0 1 2 0 1 8 13 0 0 1 1 0 0 2 0
WD 0 0 10 10 0 0 0 0 0 0 1 2 0 0 1 0 0 0 0 0
St 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

48 N 51 17 7 3 52 50 47 43 51 40 21 13 49 37 27 21 51 35 28 20
S 1 26 23 24 0 2 4 7 0 11 19 13 2 15 24 30 1 15 18 25
D 0 7 17 17 0 0 1 2 1 1 10 22 1 0 1 1 0 2 5 5
WD 0 2 5 7 0 0 0 0 0 0 2 3 0 0 0 0 0 0 1 2
St 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

72 N 51 25 10 8 52 51 51 50 52 42 18 12 52 37 27 27 52 38 22 22
S 1 25 33 26 0 1 0 2 0 10 18 9 0 14 21 21 0 11 18 15
D 0 2 7 16 0 0 0 0 0 0 13 23 0 1 4 4 0 3 9 13
WD 0 0 2 2 0 0 0 0 0 0 3 7 0 0 0 0 0 0 3 2
St 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

Time, time of assessment after patch removal; w, water; 1%, 1% (w/v) SLS; 2%, 2% (w/v) SLS; 3%, 3% (w/v) SLS; N, no reaction;
S, slight reaction; D, distinct reaction; WD, well developed reaction; St, strong reaction; SLS, sodium lauryl sulfate.
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group. For glazing, the differences were significant
at 24-, 48-, and 72-hr assessments for both 2%
and 3% SLS, and also at the 1-hr assessment for
2% SLS. Wrinkling and dryness were signifi-
cantly greater in the Tamil group than in the
Punjabi group at the 1-hr assessment for 3%
SLS (Wilcoxon rank sum test). Examples of typ-
ical reactions in the 2 groups are shown in Figs 3
and 4. Figure 3 shows distinct wrinkling with no
perceptible erythema on a Tamil volunteer, which
was a common reaction in this group. Figure 4
shows a well-developed erythema and scabbing in
a Punjabi volunteer; erythema was a typical
response in this group, and the degree of scabbing
elicited was also high in this group.
Results from investigating which of the 4 time-

points showed the peak response was dependant
on the assessment parameter and the concentra-
tion of SLS. For erythema, both the Tamil and
Punjabi groups showed a similar response curve,
with reactions peaking at 24 hr and showing clear
signs of recovery by the 72-hr assessment. Dryness
was only seen to any degree at the 1-hr assessment
and only in the Tamil group. The frequency of
oedema and scabbing reactions differed between
the 2 groups (with more observed in the Punjabi
group); however, the speed of response between
the 2 groups was similar, with the highest number
of oedematous reactions recorded at the 1-hr
assessment, but with scabbing predictably devel-
oping later (the majority of scabbing reactions had
developed by 48 hr). Similarly, when considering
glazing and wrinkling, the frequency and severity
of reactions were different between the 2 groups
(with more observed in the Tamil group), as seen
with oedema; however, the speed of response

between the 2 groups was similar. Both glazing
and wrinkling reactions were evident as early as
the 1-hr assessment and were recorded at a fairly
high frequency throughout the study, including
the 72-hr assessment.

Discussion

There have been extensive reviews conducted that
investigate the impact of ethnicity on ICD (3, 4,
13). These reviews highlight how conflicting the
data on this subject area can be. The data suggest
that differences in skin physiology may well exist
(e.g. stratum corneum thickness, melanosome dis-
tribution, ceramide levels in the skin) (3, 4, 13),
but the extent to which these influence differences
in ICD in different population groups requires
further investigation. Some suggest that Negroid
skin is less sensitive than Caucasian skin, particu-
larly when only visual assessment is used to com-
pare an irritant response in the 2 populations (13).
Based on this type of evidence, it is suggested that
it would be more suitable to test cosmetic products
using volunteers from the same population in
which they are intended to be marketed in, rather
than a random population sample.

In the present study, 2 different ethnic groups
recruited fromMumbai (Punjabi and Tamil) were
tested during a single week in June 2005 at the
same location, using a multiparameter visual skin
assessment scheme (11, 12) and a single skin asses-
sor. The 2 Indian subpopulations were similar in
terms of ranking and general trends, with both
populations demonstrating a clear dose–response
relationship for the different concentrations of
SLS tested; however, some subtle differences were
apparent. In particular, erythema was difficult to
assess in the Tamil group, which may explain why
people with Negroid skin are often considered lessFig. 3. Scabbing and erythema in a Punjabi subject.

Fig. 4. Wrinkling reaction in a Tamil subject.
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sensitive than Caucasian skin types (3, 14).
Indeed, in this study, if the erythematous reactions
were considered alone, the Punjabi subjects
appeared to be more sensitive than the Tamil sub-
jects, whereas when glazing and wrinkling were
looked at alone, the Tamil group appeared more
sensitive. Only when all the assessment parameters
were considered together, were the differences far
less apparent.
Stronger oedematous and scabbing reactions

were elicited in the Punjabi group; however, at
the 1-hr assessment, both the Tamil and Punjabi
groups exhibited the same, clear dose–response in
terms of the level of oedema elicited by the test
materials, and at the 24-, 48-, and 72-hr assess-
ments, the same dose–response relationship was
reported in terms of the scabbing reactions elicited
in each population.
The fact that statistical differences exist be-

tween different populations is supported here,
but the data also highlight how, in terms of
dose–response ranking, the 2 populations are in
fact similar. The evidence supports the view that
data obtained from 1 population are broadly
applicable (15, 16), as the irritant response in the
2 populations is sufficiently similar in terms of
general trends, to support the continued use of
mixed population panels to gain data supporting
claims and risk assessment. However, the data
highlight the importance of not overemphasizing
the erythema score, which may not necessarily be
the predominant manifestation of damage to the
skin; instead, when assessing irritation visually, all
parameters should be considered, particularly
when looking at darker skin tones, which make
erythema difficult to see.
More recent investigations into ethnic differen-

ces have used bioengineering tools to assess dif-
ferences in the skin properties of different
populations (14, 17, 18), and the evidence suggests
that there may be differences in the skin of differ-
ent racial groups. However, this evidence is con-
flicting, and there is limited investigation into
the effect of topical irritants on the properties of
the skin, in different populations, using bioengi-
neering tools. Furthermore, there is nothing that
can be derived from this work concerning the
intrinsic properties of skin that could serve to indi-
cate what the impact of these differences might be
on the nature and degree of the response to irri-
tant challenge.
Previous research has tended to compare dif-

ferent populations, such as Negroid skin with
Caucasian, Asian, or Hispanic skin (3, 5, 7,13–
16), and there have been conflicting results with
regard to the effect of ethnicity on ICD. In the
present study, 2 groups within a single group were

investigated, and the data suggest that when
assessing irritant reactions visually, there are dif-
ferences in the presentation of ICD within a single
population.While supporting the continued use of
mixed population panels for risk assessment and
for claiming support, it would be of interest to
investigate the differences highlighted further, per-
haps combining visual assessment with the use of
bioengineering tools to enhance the sensitivity of
a multiparameter assessment method. Investiga-
tion of a wider set of irritant chemicals/formula-
tions would also be worth completing to further
investigate potential differences between ethnic
groups.
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