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Measuring Disturbed Barrier Function

in Atopic Eczema

S. Seidenari, F. Giusti

Both clinical and instrumental studies on patients with
atopic eczema (AE) have demonstrated some abnor-
malities in barrier function and skin hyperirritabi-
lity.

In epidemiological studies, AE subjects showed a
high incidence of hand eczema induced by irritant sub-
stances. In particular, they prove to run a significant
risk of developing contact dermatitis when exposed to
occupational factors, i.e., chemicals, water, soil, or
wear. Several authors observed that cutaneous atopy
amplifies the effects of irritant exposure in occupations
at risk such as hairdressers, cleaners, metalworkers,
mechanics, nurses, etc. [1-10].

Moreover, atopy is not only considered a predispo-
sing factor for irritant contact dermatitis, but it also
seems to influence the course of the disease. In fact, it
has been reported that individuals with a history of
childhood atopic eczema are affected by hand dermati-
tis earlier, more frequently, and more severely than
healthy controls [11, 12].

49.1
Transepidermal Water Loss in Patients
with Atopic Eczema

Transepidermal water loss (TEWL) values, reflecting
skin barrier function, are considered to be a predictive
factor for the development of irritant contact dermati-
tis, correlating with skin susceptibility to irritants
[13-16]. Most authors reported increased TEWL val-
ues in AE subjects, both adults and children, at eczema-
tous, but also at apparently unaffected skin areas
[17-20].

In a study performed on AE children and controls,
we found significant alterations in TEWL, measured at
different body sites, on uninvolved skin of atopic

patients [19, 20] (Table 49.1). When dividing our study
population into two groups according to the presence
of skin lesions, we observed significantly higher TEWL
values at healthy skin sites in patients with current
eczema compared to those without lesions (Table 49.2)
[20]. Others studies showed that an increase in TEWL
values, more pronounced in atopic patients with active
manifestations, was also present in subjects without
clinical evidence of the disease, suggesting that this
modification may be a functional marker of AE [12, 21,
22]. The presence of active eczematous lesions seems to

Table 49.1. Baseline TEWL and capacitance values (mean + SD)
in 66 AE children and 21 healthy subjects at eight different skin
sites

TEWL Capacitance

Eczematous skin of AE 30.48 + 19.64% 42.04 + 11.36%

children
Uninvolved skin of AE 8.01 +4.38> 56.50 + 12.98>
children
Healthy skin of controls 5.52+3.10  57.63 +10.39

2 Significant compared to uninvolved skin of AE children
® Significant compared to healthy skin of control children

Table 49.2. TEWL and capacitance values on uninvolved skin of
AE children with current eczema, AE children without skin
lesions, and controls

TEWL

Capacitance

104 AE patients with 9.02 +5.32°  54.32 +13.76
lesions
96 AE patients without 7.56 +4.54>  56.86 + 13.86°
lesions
45 controls 5.38 + 2.96 58.50 + 11.39

2 Significant compared to AE children without lesions
b Significant compared to control subjects
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impair barrier function at skin sites clinically unin-
volved. When investigating barrier function in AE, the
severity of the dermatitis should be taken into account:
TEWL values vary according to the course of the dis-
ease and the presence or absence of skin lesions. More-
over, in AE patients the skin barrier impairment
appears to be reversible. Long-lasting absence of ecze-
ma makes water barrier restoration possible: no differ-
ences were found in baseline TEWL on the flexor side
of the forearm between atopic individuals without
active dermatitis for the past two years and healthy vol-
unteers [23]. Also in patients with past history of AE,
but without clinical signs other than hand eczema in
adult life, TEWL proved normal on the upper arm [24].

49.2
Skin Hydration and TEWL in Patients
with Atopic Eczema

The horny layer water content is known to influence
skin barrier function. In fact, occlusion of the skin sur-
face induced an increase in water content favoring per-
cutaneous absorption. In an in vitro study, the water
content was found to be about 24 % of the wet weight of
the stratum corneum in dry atopic skin, 37 % in clini-
cally uninvolved skin of AE patients and 41% in
healthy skin of controls [25]. Comparing AE patients
and healthy volunteers, Loden et al. observed lower
capacitance values in atopics, especially with an
increasing degree of dryness and higher TEWL values
[26]. These findings were confirmed by other authors,
reporting elevated TEWL and reduced capacitance val-
ues in AE patients, both in eczematous and in unin-
volved skin, with respect to healthy controls [19, 20, 22,
25-29]. Like TEWL, stratum corneum water content
depends on the activity of the disease. Tanaka et al.

Fig. 49.1. Baseline
TEWL values on fore-
arm skin in 20 subjects
affected by contact
eczema, 14 AE patients,
and 20 healthy controls.
* = significant com-
pared to healthy con-
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observed a lower hydration state of the horny layer in
patients with severe AE compared to subjects with mild
disease [30]. In 200 AE children, we found that capaci-
tance values were significantly lower on eczematous
skin areas than uninvolved atopic skin and normal skin
of controls (Fig. 49.2) [20]. These alterations were more
marked in patients with active disease (Table 49.1).
Tanaka et al. also observed a lower hydration state of
the horny layer in patients with severe AE than in those
with mild disease [30].

Stratum corneum hydration depends both on the
ability to bind and the ability to retain water [31]. In an
in vitro study on specimens of dry skin of the back,
Werner et al. found that the horny layer from dry atopic
skin shows a lower capacity to bind water than that
from healthy controls [32].

Investigating the hydration and water-retention
capacity of unaffected skin in patients with AE, Berar-
desca et al. [29] reported that atopic skin presents sig-
nificantly lower capacitance and higher TEWL values
in comparison to control skin. Moreover, in atopic
patients the stratum corneum water retention capacity,
represented by the skin surface water loss profile, was
significantly reduced.

Dynamic methods, such as the sorption-desorption
test (SDT) and the moisture accumulation test (MAT),
were developed in order to study the horny layer hydra-
tion kinetics.

We performed these tests on 45 subjects, aged
4-12 years, comprising 15 individuals with active AE,
15 atopics without eczematous lesions for at least
1 month, and 15 healthy children [33]. The stratum cor-
neum of uninvolved atopic skin appeared to be less
hydrated, but more easily hydrated, by water coming
both from the deeper layers and from the environment,
with respect to the skin of healthy subjects. On the con-
trary, the eczematous areas showed an increased avid-
ity to retain water, but a reduced absorption capacity.
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49.3
Skin Lipids and Transepidermal Water Loss
in Patients with Atopic Eczema

Skin lipids, in particular ceramides, proved to play an
essential role in the regulation of stratum corneum
barrier function and in its water-holding properties
[34, 35]. Depletion of lipids from the stratum corneum
by solvent extraction leads to a pronounced increase in
TEWL, expressing a defect in the integrity of skin func-
tion and representing a stimulus to barrier repair and
increased synthesis of lipids by keratinocytes [36]. In
AE patients, the barrier impairment coincides with
marked alterations in the amount and composition of
epidermal lipids [22, 37 - 40]. The extrusion of lamellar
bodies is delayed and incomplete [41] and levels of
enzymes involved in ceramide metabolism [42, 43] are
altered as well in unaffected skin of AE subjects. Sur-
prisingly, the recovery of cutaneous barrier function,
after tape stripping or acetone treatment, was found to
be faster or normal in atopics in comparison with con-
trols, and this may be caused by a persisting mild dis-
turbance of barrier function with consequent perma-
nent activation of repair mechanisms [44, 45]. Howev-
er, a complete restoration of skin barrier function is
not achieved and this can be explained by the decrease
in the amount of stratum corneum ceramides observed
in atopic skin [22, 40].

When investigating the relationship between differ-
ent lipid classes and barrier impairment in 47 patients
with AE [22], we observed a significant reduction in
ceramide 1, ceramide 3, cholesterol sulphate levels, and
in the ceramide/cholesterol ratio, associated with a sig-
nificant increase in the amount of free cholesterol. In
particular, atopic patients without lesions at the
moment of the investigation had a normal barrier
function and intermediate lipid values in comparison
to subjects with active signs of the disease and to
healthy controls. Moreover, we found an inverse corre-
lation between TEWL and ceramides and a direct cor-
relation between the increase in free cholesterol and
the reduction in ceramide 3 levels.

These findings confirm those of other investigators
[37] and suggest that a decrease in stratum corneum
ceramides is involved in barrier impairment of atopic
skin, whereas the increase in free cholesterol values
and the reduction in the cholesterol/ceramide ratio
may be a response to increased TEWL levels. In fact,
the lower amount of cholesterol sulphate, functioning

as an intercellular cement in the stratum corneum,
which has been described in atopic skin, is associated
with its desquamation.

The amount of skin lipids is an important factor in
susceptibility to irritation. Investigating the relation-
ship between baseline ceramide composition and the
intensity of SLS-induced irritant dermatitis, Di Nardo
et al. observed a correlation between colorimetric a*
values and ceramide-6I and between TEWL and cera-
mide-1 levels [46]. In order to induce acute irritation,
they also employed a 24-h application of xylene and
toluene [47]. On comparing values of the different clas-
ses of lipids with clinical irritation parameters, a nega-
tive correlation was obtained. Based on clinical obser-
vations, two populations were selected: less reactive
and hyper-reactive, which also differed in the total
weight of lipids, ceramides, and triglycerides. From
these findings, skin lipids, and especially ceramide lev-
els, play a protective role with respect to irritant sub-
stances.

494
Reactivity to Irritants in Atopic Eczema
Subjects

Both clinical and instrumental data demonstrated a
cutaneous hyper-reactivity in subjects with active AE,
experimentally exposed to irritants. Moreover, skin
irritability proved to be related to the degree of severity
and the extension of the dermatitis. As regards atopic
subjects with no active lesions, conflicting findings on
cutaneous reactivity have been reported. Whereas
some investigators did not observe statistically signifi-
cant differences in susceptibility to irritants between
atopics without current dermatitis and nonatopics [23,
48-50], Van der Valk et al. demonstrated that atopic
patients without active eczematous lesions responded
more to SLS than controls by measuring water vapor
loss [51]. Tupker et al. investigated skin irritability by
repeated applications of different irritants and found
increased TEWL values, both before and after expo-
sure, in subjects with a history of AE compared to sub-
jects with a history of allergic contact dermatitis or
controls [18].

These findings were confirmed by other investiga-
tors, who found enhanced reactivity to SLS applied to
the forearm in individuals affected by AE in compari-
son to normal controls [52]. Agner challenged the skin
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of the flexor side of the upper arm with SLS for 24 h [17]
and observed greater reactions in atopic patients com-
pared to controls, as assessed both clinically and
instrumentally. Moreover, postexposure TEWL, corre-
lating with baseline values, was significantly higher in
atopics than in controls.

After SLS challenge, we observed both an increase in
TEWL and a decrease in capacitance, which were more
marked in subjects with AE than in controls [53, 54]. In
a study conducted on 20 healthy volunteers and 34 sub-
jects with localized eczema in a chronic phase, com-
prising 14 atopic patients and 20 individuals with con-
tact dermatitis, cutaneous reactions to 30 min 0.5%
SLS on the forearms were investigated by measuring
TEWL, capacitance, and skin echogenicity at 30 min,
24 h, and 72 h after SLS exposure [54]. Baseline TEWL
was significantly higher in atopic or contact dermatitis
patients than in healthy subjects, but no differences
were observed between the two eczema groups
(Fig. 49.1). On the contrary, significant differences
were recorded in baseline capacitance values, not only
between controls and dermatitis subjects, but also
between atopics and patients with contact eczema
(Fig. 49.2). Reactivity to SLS, as assessed by TEWL and
capacitance, showed no variations between the two
eczema groups. On the contrary, the 24-h echographic
assessment of SLS-exposed areas showed a significant
decrease in epidermal reflectivity, indicating barrier
function damage [55], in atopic subjects, but not in
contact dermatitis patients. Moreover, hyper-reactivity
to irritant stimuli may be responsible for enhanced
contact reactions in sensitized atopic subjects, who
may also respond to very low concentrations of contact
allergens. We observed that SLS pretreatment of nickel
patch test sites induced an earlier and more pro-
nounced cutaneous damage in atopic nickel-sensitive
patients than in nickel-sensitive nonatopics, followed
by a more intense allergic response, probably due to an
increased allergen penetration and/or the summation
of immune and nonimmune mechanisms [28]. These
findings were in agreement with skin echogenicity
data, indicating an enhanced response to SLS in atopics
[28].

49.5
Barrier Function in Atopic Patients Without
Dermatitis

In most epidemiological studies, mucosal atopy did not
seem to influence the appearance or course of irritant
contact dermatitis [2, 9, 11, 56]. Experimental data
regarding the cutaneous barrier function and the sus-
ceptibility to irritants in patients affected by mucosal
atopy are scarce and contradictory. In subjects with
allergic asthma and/or rhinitis, we observed normal
baseline capacitance and TEWL values [21, 53, 57],
whereas Tanaka et al. demonstrated a decreased hydra-
tion state of the stratum corneum and a reduced amino
acid content of the skin surface [30]. Nassif et al. found
an increased skin susceptibility to 48 h SLS-challenge,
assessed by visual scoring, in patients with respiratory
atopy, and attributed their results to the influence of
cytokines and other mediators circulating in the skin
[58]. On the contrary, Loffler did not find differences in
the TEWL response to 48-h SLS exposure between indi-
viduals with rhinoconjunctivitis or atopic asthma with
no symptoms at the time of testing and controls [23].
We also reported that postexposure TEWL, capaci-
tance, and echogenicity values did not differ between
subjects with mucosal atopy and healthy volunteers
[53]. Moreover, in patients affected by respiratory ato-
py, baseline and postexposure biophysical cutaneous
parameters were not influenced by the season of assess-
ment and the possible aeroallergen burden associated
with the release of phlogistic mediators circulating in
the skin. In fact, challenging the skin of patients with
seasonal allergic rhinitis with SLS during the active
phase of the disease, the cutaneous response proved to
be as intense as during the remission phase [57].

49.6
TEWL and Topical Agents for Atopic Eczema

Objective monitoring of barrier impairment in AE,
performed by transepidermal water loss measure-
ments, is of considerable interest in studies evaluating
the efficacy of topical agents for AE skin, both anti-
inflammatory drugs and moisturizing creams [59 - 64].
It has been demonstrated that certain moisturizers
improve water barrier function, as reflected by TEWL,
and skin susceptibility to irritants in atopic patients
[60-62]. In fact, topical agents for AE differ not only in
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their composition, but also in their influence on the
skin as a barrier to water, as can be evaluated by TEWL
readings. Loden et al. compared instrumentally and
clinically the effects on AE patients of a cream contain-
ing 20 % glycerin and a cream with 4% urea. The latter
proved superior as regards the improvement in skin
barrier function in dry atopic skin. Moreover, a signifi-
cant relationship was noted between the reduction in
TEWL and the clinical improvement of dryness [63].
By treating 24 AE children for 20 - 21 weeks with a cera-
mide-dominant, physiologic lipid-based emollient,
Chamlin et al. demonstrated that TEWL measurement
is more sensitive than SCORAD values both for detect-
ing subtle fluctuations in AE activity and for predicting
potential relapse [64].
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