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Irritant patch testing with detergents is increasingly being

used as a measure of skin barrier function, but there is

evidence that climatic changes can influence the test

outcome. In this study we investigated the relation

between cutaneous reactivity to a detergent and climatic

conditions. Between January 2000 and December 2001

epicutaneous patch testing with 0.5% sodium lauryl

sulphate was performed on the forearm of 487 volunteers

and evaluated by measuring transepidermal water loss

(TEWL). Atopic individuals were excluded. Climatic

conditions recorded by the German Meteorological

Service were then compared with the test outcome.

Climatic measurements 7 days before evaluation of the

patch test were used to calculate an arbitrary mean value

for each climatic parameter. A strong correlation was

observed between temperature, steam pressure, absolute

and relative humidity and the increase in TEWL, and

most pronounced during winter and spring. The data

provide experimental confirmation of epidemiological

studies in which the incidence of irritant skin changes

was found to be increased during the winter season with

cold and dry air. For the first time, two formulae for

adjusting TEWL values according to climatic conditions

are presented. It is possible with these formulae to

compare between a measured TEWL value and a

calculated value. Key words: skin irritation: transepi-
dermal water loss; seasonal variation; epidermal barrier;
temperature; humidity; irritant contact dermatitis.
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The influence of climatic conditions on skin changes is

an interesting and probably underestimated problem.

Recently it has been shown that during cold and dry

weather the incidence of irritant skin changes increases

(1). If this were due to an increase in skin susceptibility,

irritant patch testing would be influenced by climatic

changes. There is some evidence that irritant patch

testing is influenced by the season – patch testing with

sodium lauryl sulphate (SLS) gives higher reactivity

during winter than summer (2, 3). Similarly, in an

animal model a low environmental humidity can lead to

stronger skin reactions to SLS (4). The aim of this

study was to investigate and quantify the influence

of various climatic parameters on the result of an

epicutaneous patch test with SLS.

MATERIAL AND METHODS

Study population

Four-hundred-and-eighty-seven volunteers recruited from the
outpatient clinic of our department participated in the study
(281 women and 206 men; aged 18 to 60 years). Atopic
patients with an atopy score w10 (according to Diepgen et al.
(5)) and dermatitis were excluded. Informed consent was
obtained, and the study was approved by the ethics committee
at the hospital.

Sodium lauryl sulphate testing

Occlusive patch testing with aqueous SLS (0.5%) was
performed for 48 h using a Large Finn Chamber� (inner
diameter 12 mm, Epitest Ltd., Helsinki, Finland) on the volar
side of the left forearm in accordance with the guidelines
on SLS testing (6). We measured transepidermal water loss
(TEWL) with an evaporimeter (Tewameter TM 210, Courage
& Khazaka, Cologne, Germany) prior to application and
again 24 h after removal of the patch test. Delta values were
calculated as post-TEWL minus pre-TEWL values. Room
temperature was maintained at 20 – 22‡C; relative humidity
was between 30% and 45%; and volunteers had rested in these
conditions for at least 20 min prior to measurement. TEWL
measurement was performed according to the guidelines
of the Standardization Group of the European Society of
Contact Dermatitis (7).

Climatic parameters

The climatic data were obtained from the German
Meteorological Service (Deutscher Wetterdienst), Medical
Meteorology, Freiburg, Germany, using the nearest weather
station at Giessen, which is 16 km from the Department of
Dermatology in Marburg. Noon values were recorded.
Because the skin is most likely influenced by the climatic condi-
tions of previous days, we also calculated an adjusted mean of
the week for each climatic parameter before test evaluation in
the following way:
(day of test evaluation 67)z(day before test evaluation
66)z(2 days before test evaluation 65)z(3 days before test
evaluation 64)z⁄/(7z6z5z4z3z2z1)
The following climatic data were included: temperature, steam
pressure, absolute humidity, relative humidity, atmospheric
pressure and wind force. For interdependence of absolute and
relative humidity and temperature, see Uter et al. (1). As
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temperature has a very strong influence on absolute and
relative humidity (1), we used steam pressure as another
parameter for humidity, which is far less influenced by
temperature (8).

Statistical methods

The data were analysed using SPSS for Windows. Data
distribution was calculated using the Kolmogorov-Smirnov
test. Correlation analysis between TEWL values and climatic
parameters was performed using Pearson’s correlation
coefficient. The relative risk for higher TEWL values was
calculated for all climatic parameters correlating with the
outcome of the SLS test. For this purpose, each climatic
parameter was divided into four ranges of values, each range
containing approximately the same number of volunteers. The
relative risk (odds ratio) of obtaining a delta TEWL value
above the 75% value (chosen as an arbitrary cut-off value for
discriminating normal values from higher ones according to
previous studies (9)) was calculated for each range by
comparing with the range of the lowest risk, to which we
gave an odds ratio of 1. A formula for predicting delta TEWL
value dependent on absolute humidity was calculated as
follows: By means of linear regression analysis (algorithm see
(10)), a linear regression equation was calculated according to

the formula: y~azb*x (y~expected delta TEWL value,
x~absolute humidity, a~hypothetic delta TEWL at an
absolute humidity of 0, y~slope of the curve). The target
delta TEWL for formula 1 was the expected mean delta
TEWL (~50% value) and for formula 2 the expected mean
delta TEWLzSD value (50% valuez1/2 SD area~83.3%
value).

RESULTS

The Kolmogorov-Smirnov test did not show a normal

distribution of the values obtained, neither of the

TEWL values nor of the climatic parameters. During

the study period the median basal TEWL value of all
487 volunteers was 7.1 g/m2 h; the median delta TEWL

value after SLS testing was 18.7 g/m2 h.

On examining the distribution of basal and delta

TEWL values of different months we observed that

basal TEWL values were unchanged over the year,

while there was a sharp decrease in delta TEWL values

from winter to summer (Fig. 1 and Table I).

We found no correlation between any climatic
parameter and the basal TEWL values. However, a

highly significant correlation was observed between the

climatic parameters temperature, steam pressure, abso-

lute and relative humidity and the delta TEWL values.

Wind force and atmospheric pressure showed no

correlation with the delta TEWL values.

Calculating the relative risk of delta TEWL values

being above the 75% value, we found that low
temperature led to an odds ratio of up to 2.76, and a

higher relative humidity up to 2.35. The highest relative

risk was found at low absolute humidity with an odds

ratio up to 4.34 and at low steam pressure with an odds

ratio up to 4.14 (Table II).

We calculated two formulas with the linear regression

analysis. The first describes the estimated delta TEWL

value (mean delta TEWL) dependent on the absolute
humidity: Formula 1. Calculated mean TEWL

value~36.6 – 1.896 absolute humidity

Fig. 1. Median transepidermal water loss (TEWL) and 75% value

(basal and delta values after sodium lauryl sulphate patch test)

over 2 years

Table I. Median, 25%* and 75%# value of basal TEWL and delta TEWL after SLS patch test over 2 years (in g/m2 h),

n ~ 487

Month Jan

n~30

Feb

n~38

Mar

n~47

Apr

n~22

May

n~49

Jun

n~50

Basal
5.9

*4.9
6.7

*4.3
8.0

*6.5
7.6

*5.9
7.1

*5.3
7.0

*5.8

TEWL #7.8 #8.6 #10.2 #9.8 #9.3 #8.4

Delta
33.3

*20.0
27.1

*18.1
25.4

*12.2
25.7

*12.3
19.2

*4.3
12.4

*3.1

TEWL #41.5 #39.6 #41.9 #36.5 #36.6 #22.4

Month July

n~28

Aug

n~59

Sept

n~48

Oct

n~40

Nov

n~50

Dec

n~26

Basal
7.9

*5.1
7.1

*5.1
7.6

*6.0
7.9

*5.1
7.1

*5.1
7.6

*6.0

TEWL #9.9 #8.5 #10.5 #9.9 #8.5 #10.5

Delta
16.1

*8.9
11.2

*2.3
15.1

*9.5
16.1

*8.9
11.2

*2.3
15.1

*9.5

TEWL #26.7 #20.4 #26.8 #26.7 #20.4 #26.8
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The second formula describes the delta TEWL value
where 83.3% (meanzSD) of all tested individuals had a

lower result: Formula 2. Calculated upper threshold

TEWL value ~51.521.896 absolute humidity

A measured TEWL value above this calculated upper

threshold TEWL value may indicate increased skin

susceptibility regardless of climatic conditions.

DISCUSSION

Irritant patch testing is a widely accepted tool for

evaluating skin barrier function (11, 12). In recent

years, the anionic detergent SLS has become a standard

irritant (13 – 15). Because we wanted to study the

influence of climatic parameters on test outcome, all

known influencing factors were either the same for all

volunteers (SLS concentration and purity (16, 17),
application time (16, 18, 19), application area (20, 21),

age of volunteers (22, 23)), or they were eliminated

(exclusion of atopic volunteers and individuals with

acute dermatitis (23 – 25)).

We saw hardly any influence of season and basal

TEWL, thus confirming earlier findings by Agner &

Serup (2). In a recent study, Kikuchi et al. (26)

observed a slightly higher basal TEWL in winter (26).
However, following SLS testing we observed a marked

difference in skin reactions when the mean TEWL

values of different months were compared (Fig. 1): the

skin reacts much more in winter than in summer, which

has also been observed by other groups (2, 3, 27). Our

correlation analysis showed that temperature, absolute

and relative humidity and steam pressure, but not

atmospheric pressure or wind force, correlated with the
SLS-induced barrier disruption. Hence the relative

humidity is of minor relevance when estimating climatic

influence on skin susceptibility, which confirms the

investigation of Uter et al. (1). Because absolute and

relative humidity is strongly dependent on temperature

(1), we studied steam pressure, which is far less

influenced by temperature (8). This parameter also

showed a marked risk for increased TEWL values
(odds ratio increased to 4.14) after SLS testing

(Table II). We conclude that the major reason for the

seasonal increase in skin susceptibility is low environ-

mental humidity, resulting in decreased steam pressure

and absolute humidity.

The difference between the median delta TEWL test

results in January and those obtained in August is

threefold. It may therefore be useful to compare the
measured delta TEWL values with climatic adjusted

delta TEWL values. We therefore developed two

formulas in which the absolute humidity (at noon)

can be inserted and two estimated delta TEWL values

can be calculated: the first formula describes the

estimated 50% value (50% of our tested individuals

had lower delta TEWL values). Any measured delta

TEWL can now be compared with this calculated value
to estimate whether it is higher or lower than normal.

The second formula describes the 83.3% value, where

83.3% (mean z SD) of our tested individuals had lower

delta TEWL values. Any measured delta TEWL above

the calculated value of the second formula (calculated

upper threshold TEWL value) indicates enhanced skin

susceptibility independently of climatic conditions.

The SLS test may be a useful concomitant tool in
allergy patch testing because weather-dependent skin

susceptibility is useful information. Various studies

have shown that during winter the number of positive

reactions to allergens is rising (31 – 33), particularly

allergens which act simultaneously as mild irritants

(34 – 36). When patch testing for contact allergens is

combined with SLS testing, seasonal effects can be

revealed and the allergic patch test may perhaps be
more accurate. Currently, a study investigating this

hypothesis is being performed by the German Contact

Dermatitis Research Group (Deutsche Kontaktallergie-

Gruppe).
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Table II. Relative risk (odds ratio) for an increased delta

TEWL (above the 75% value) compared to the reference

group (RG) depending on different climatic conditions

Prevalence of

climatic conditions

over one year (%)

Odds

ratio

Confidence

interval

(95%)

Temperature (‡C)

w19.2 (RG) 25.5 1.00

19.3 – 13.9 24.4 0.71 0.35 – 1.46

13.8 – 8.3 25.7 2.76 1.52 – 5.00

v8.2 24.6 2.64 1.15 – 4.82

Relative humidity (%)

v58.3 (RG) 23.3 1.00

58.4 – 72.2 27.1 1.51 0.81 – 2.87

72.3 – 79.1 23.6 2.35 1.25 – 4.40

w79.2 26.1 1.96 1.01 – 3.66

Absolute humidity (mg/l)

w10.20 (RG) 25.3 1.00

10.20 – 8.57 24.4 1.60 0.80 – 3.21

8.56 – 6.06 25.2 2.77 1.44 – 5.32

v6.06 25.1 4.34 2.29 – 8.22

Steam pressure (hPa)

w13.81 (RG) 24.2 1.00

11.31 – 13.80 25.5 1.45 0.73 – 2.91

7.99 – 11.30 25.3 2.64 1.37 – 5.08

v7.98 25.1 4.14 2.18 – 7.84
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