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Although there is a growing acceptance that sweat could play a detrimental role in various allergic skin
diseases, the possibility that sweat is also involved in maintenance of skin hydration and skin-specific
immune responses has not been acknowledged. We initially describe physiological role of sweat in
both maintaining skin hydration and thermoregulation. The purpose of this article is to provide the
reader with objective evidence that sweating is intimately linked to vital stratum corneum barrier
function and usefulness of application of moisturizers in clinical care of allergic skin diseases. This review
also covers how sweating disturbance would leave the skin vulnerable to the development of various
allergic skin diseases, such as atopic dermatitis. New therapeutic approaches would specifically target
such sweating disturbance in these allergic skin diseases.
Copyright © 2018, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Sweat is well known to be one of important factors provoking
exacerbations of clinical symptoms in many allergic skin diseases
including atopic dermatitis (AD).1 Because many patients with AD
often complain of aggravation of pruritus and eczematous skin le-
sions after severe sweating, the prevailing dogma, shaped by such
observations, depicts the detrimental role of sweat in the patho-
genesis of allergic skin disease, while ignoring the protective role of
sweat. However, recent studies have2e5 revised this dogma and
found that sweating can confer protective immunity under certain
conditions. Indeed, the role of sweat in allergic inflammation is
more complex than previous studies implied. In recent years, there
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is increasing evidence suggesting the protective role of sweat on
allergic inflammation.

Dry skin is generally thought to be caused by defects in skin
genes that are important for maintaining skin barrier function.6,7

Compelling basic science investigations places genetic defects in
barrier function as a key factor in barrier dysfunction. In contrast,
the role of sweating in maintaining water in the stratum corneum
(SC) has received no or little attention despite the overwhelming
great capacity of sweat to increase skin surface hydration (SSH)
(Fig. 1).2,5 The importance of preserving sweating function, espe-
cially in those affected by AD, remains an under-recognized topic
even by dermatologists. Although dry skin can be aggravated by
environmental factors, such as ambient humidity and modern life
style, and by the decreased ability to sweat, as well as genetic de-
fects in skin barrier function, no recommendation is available about
the effect of sweat on themaintenance of water in the SC, the role of
sweat in barrier function, and the effect of moisturizers and other
topical agents on sweating function. The purpose of this article is to
provide the reader with objective evidence that sweating is
vier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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Fig. 1. Balance between water retention and water release in the SC. Humid envi-
ronment, sweat and water supply from the dermis serve to hold and increase water
content in the SC, while TEWL serves to lose water from the dermis. Decreased water
content in the SC in dry skin would be theoretically compensated fully by increased
sweating, given that sweat has much higher water content than TEWL.
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intimately linked to vital SC barrier function and usefulness of
application of moisturizers in clinical care. It is important to
recognize that moisturizers are not all the same and that pre-
scribing should be guided by the ability to preserve or restore SSH
and sweating function.
Physiological roles of sweat glands/ducts

Most mammals have sweat glands but only limited mammals
such as humans, horses and some breeds of cattle use sweating for
thermoregulation in response to heat or exercise.8 In humans,
eccrine sweat glands are distributed widely on both hairy and
glabrous skin, such as the palms and soles, with some exceptions.9

In contrast, other mammals such as monkeys, dogs and mice, have
eccrine glands only on glabrous skin, such as the paw. In other
mammals, sweating is thought to be caused by emotional stress,
either positive or negative stimuli: stress-induced sweating, unlike
thermal-induced sweating, results from activation of both eccrine
and apocrine glands in the axilla.9 Sweat pores open at the dermal
ridge on the palms and soles, while those on the hairy skin, such as
forearms, usually open at the folds10 (Fig. 2). According to our
recent results, in hairy skin sweat pores usually open at the folds
under baseline conditions but upon thermal stimuli also open at
Fig. 2. Methods to quantitatively assess sweating responses. Output of sweat per a
sweat gland/duct can be quantitatively assessed by IMT (Left), but not by previously
used methods (right), in which exact output of sweat from a sweat gland/duct cannot
be assessed. In previously used methods, sweating responses are estimated by the
differences in TEWL and SSH levels before and after thermal stimulus.
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the ridge.11 Based on these results, medical literature suggests that
localization of sweat pores relative to skin creases and ridges is
different depending on the anatomical sites.10,11 These suggestions
have been frequently misinterpreted as a total absence of eccrine
glands/ducts in the folds on the palms and soles. There are sub-
stantial differences in function between sweat pores in hairy skin
and glabrous skin: those located in the glabrous skin of the palms
and soles secrete sweat in response to emotional or psychological
stress, physical exercise, and high environmental temperatures. In
contrast, those located in the hairy skin do not necessarily respond
well to such stimuli. During evolution, the emergence of eccrine
glands in glabrous skin has been suggested to precede that in the
hairy skin. This classification, however, is too simplified because
even in the hairy skin, sweat pores open not only at the skin folds
but also at the ridges, and vice versa in glabrous skin.

To investigate whether the function of sweat would be different
depending on the localization of sweat pores in relation to skin
surface structures, we established a novel impression mold tech-
nique (IMT), which allows an accurate quantification of individual
sweat gland/duct activity to secret sweat in a well-defined location
and the volume of sweat they produce, repeatedly over time2,5,11

(Fig. 3). With the use of IMT, we demonstrated that, under quies-
cent conditions, basal levels of sweat could be exclusively excreted
from the sweat pores localized at the folds (basal or insensible
sweating),2,11 while increased levels of sweat would be also
secreted from the pores at the ridge upon thermal stimulus
(inducible or sensible sweating).5,11 We also suggested that physi-
ological roles of sweat glands/ducts would be different depending
on the skin surface topography: themajor function of sweat glands/
ducts located at the folds is to maintain SSH while that of sweat
glands/ducts at the ridges might serve as a backup to impaired
function of sweat glands/ducts at the folds or as a thermoregula-
tory5,11 (Fig. 2). In view of the possible function of sweat glands/
ducts on the hairy skin, we can hypothesize that sweat glands/ducts
at the ridges may secrete sweat when exposed to different hu-
midity levels, such as exposure to water. Indeed, our unpublished
findings indicate that in the fingertip sweat pore openings became
detected at the folds, where no sweat pore opening were detected
at baseline, but not at the ridges 10 min after water immersion
(Aoyama Y et al., unpublished data). Ten min after drying, however,
sweat pore opening detected at the folds disappeared coincident
with the reappearance of sweat pore openings at the ridges, as
before water immersion. In contrast, such alterations of sweating
responses after exposure to water depending on sweat glands/duct
at the ridges/folds were never observed in hairy skin. These results
could be interpreted as suggesting that sweat glands/ducts at the
folds in glabrous skin would secrete sweat upon exposure to water,
thereby maintaining water at the folds.

The relationship between SSH levels and basal sweating

According to our results of sweating responses evaluated by
IMT(5, 11), sweat droplets corresponding to sweat pore openings
were distributed evenly and usually occupied each dermal fold in
hairy skin and were rarely detected in the ridges under quiescent
conditions without thermal stimulus. In the IMT measurement,
regional differences were minimal when examined in the forearm
and abdomen. These results suggest that even under quiescent
basal conditions basal levels of sweat could be excreted at the skin
surface which may be reflected in the SSH levels (Fig. 3). We
therefore asked whether there could be a true association between
the SSH status and sweat volume as evidenced by numbers and
sizes of sweat droplets detected at either the folds or ridges under
quiescent basal conditions. A strong, positive correlation was
found between the SSH status and sweat droplet numbers
ient natural moisturizer providing protective immunity at points of
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Fig. 3. Inducible sweating responses evaluated by IMT in AD and healthy controls. Decreased inducible sweating responses 30 min after thermal stimulus are observed in the
uninvolved skin in the acute stage of AD (B), as compared with those in healthy controls (A). Modified from the reference Shimoda-Komatsu et al. 5.
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detected at the folds, indicating that the SSH status under quies-
cent basal conditions may reflect basal levels of sweating (insen-
sible sweating) from the glands/ducts located at the folds. At
15e30 min after thermal stimulus by immersing both lower legs
for 30 min in a water bath maintained at 43 �C, sweat droplets
were also detected at the ridges, which could reflect inducible
sweating. Indeed, the SSH status after thermal stimulus reflected
volume of sweat droplets detected at the ridges. These results
indicated that sweat ducts/glands located at the folds would serve
to maintain skin hydration under basal conditions while those at
the ridges would serve as a thermoregulation, suggesting that dry
skin observed in AD patients might be largely dependent on the
impaired insensible sweating responses in the ducts/glands
located at the folds. Because the volume of water in sweat is much
higher than that in transepidermal water loss (TEWL) (Fig. 1), the
increase in water loss resulting from the loss-of-function muta-
tions in the gene encoding filaggrin (FLG)6,7 could be theoretically
compensated fully by a significant increase in sweating, especially
basal sweating. Thus, sweating could improve the disrupted bal-
ance betweenwater retention and water release in various disease
Fig. 4. The difference in the penetration of hapten through the SC in healthy control
and AD. Epicutaneously applied hapten can penetrate more rapidly and abundantly
through the SC with low water content (AD skin) than that with higher content
(healthy control skin). Increased sweating responses would serve to limit penetration
of allergen by increasing water content in the SC.
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settings, such as AD. An increase in sweating could sufficiently
restore hydration of SC characterized by diminished water-holding
capacity, frequently observed in AD. Although environmental
factors such as temperature and humidity have been shown to play
important roles with regard to itching and AD prevalence.5,11,12 In
view of observations that sweating responses could be profoundly
enhanced by increases in temperature and humidity, it is likely
that the effect supposed to be exerted by these factors on skin
barrier function could be mediated through the enhancement of
sweating responses rather than their direct action.5 Given that
epicutaneously applied hapten can penetrate more rapidly and
abundantly through the SC with low water content than that with
higher content,12 increased sweating responses would serve to
exert a protective role by increasing skin hydration at points of
allergen entry (Fig. 4).

Sweating disturbance in AD

There have been conflicting data regarding whether sweating
responses are impaired, normal, or enhanced in patients with AD.
Given that hyperhidrosis in one area may lead to compensatory
hyperhidrosis in another,5,10,11 contradictory results in previous
reports13e20 might have been explained by regional differences or
differences according to the disease phenotype and stage,5 which
cannot be detected by conventional methods to assess sweating
responses. To investigate how disease process and sweating defects
progress from early asymptomatic stages to the onset of clinically
apparent disease, AD patients were divided into two groups, based
on the different clinical phenotypes and stages, acute and chronic.5

Patients with active dermatitis characterized by scaling erythem-
atous papules, plaques, lichenoid papules and crusting on the
limited areawere evaluated as acute AD: most of them had exudate
lesions in the flexural areas, usually <5 years after onset. In
contrast, patients characterized by systemic dry skin and relative
sparing of eczematous lesions in the flexural areawere evaluated as
chronic AD. There was no significant difference in the severity of
the disease assessed by SCORing Atopic Dermatitis (SCORAD) index
between the two groups at the time of enrollment. The mean age of
acute AD was significantly younger in acute AD (n ¼ 12, 23 ± 1.2
years) than in chronic AD (n ¼ 15, 35.3 ± 2.3 years).

Sweating responses were induced by two means: the first
means was immersion of both legs for 30 min in a water bath
maintained at 43 �C. The other means was the injection with 50 ml
of a 10% solution of acetylchorine (Ach). Sweating responses thus
induced were evaluated by the IMT,5,11 as described previ-
ously.5,11,21,22 In the normal-appearing uninvolved skin of acute
AD, the number of sweat droplets observed at the fold was
dramatically decreased not only at basal conditions before thermal
ient natural moisturizer providing protective immunity at points of
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stimulus (basal sweating) but also 15e30 min after thermal
stimulus (inducible sweating).5 Because the number of sweat
droplets observed at the folds was profoundly decreased even at
the earliest asymptomatic stage (Fig. 4), where skin surface
topography was not disrupted yet by disease process (Fig. 1),
indicating that the decrease in sweat droplet numbers at the folds
may represent the actual early event that can trigger the onset of
clinically apparent disease, but not the result of disruption of skin
surface structures. Decreased sweating in these AD patients was
neither due to their inability to produce sweat nor to the blockade
of delivery of sweat to the skin surface.5 We therefore investigated
whether sweat could leak from the sweat glands/ducts upon
thermal stimulus, thereby decreasing the output of sweat from the
sweat ducts. To this end, we immunohistochemically examined
whether sweat gland-specific dermcidin (DCD) antigen could be
detected around the duct/glands in the dermis upon thermal
stimulus. Leakage of sweat as evidenced by DCD expression in the
dermis around the sweat ducts/glands was specifically detected in
the normal appearing skin at the earliest asymptomatic stage in
acute AD.5 Because sweat has been shown to contain various in-
flammatory cytokines, such as IL-1 and IL-6, that can activate im-
mune cells and cause itching sensations,20,23e26 it is likely that
leakage of sweat into the dermis could initiate a complex series of
events that promote eczematous inflammation. Thus, AD would
initially arise from a localized defect in sweating responses from
some sweat glands/ducts at the folds: this defect could start with
sweat gland/ducts probably due to the genetic fragility of tight
junction (TJ),27 which can prevent the free diffusion of macro-
molecules. Leakage of sweat not only provides an inflammatory
milieu but also results in the profound decrease in skin hydration.
Because this initial event begins days or weeks before the devel-
opment of clinically apparent AD lesions in an unrecognized
fashion, this event would be overlooked and not investigated in
previous studies. As a next step, compensatory hyperhidrosis
would occur preferentially in the sweat glands/ducts at the ridges
because those at the ridges remain fully functional or more pro-
ductive, which may exacerbate the initial lesions by further
accelerating the leakage of sweat into the dermis. Compensatory
hyperhidrosis is reflected in larger sizes of the droplets detected
preferentially in the ridges either in the involved or uninvolved
skin of acute AD.5 This event could explain why sensitization to
autologous sweat occurs in severe AD28,29: although a previous
study suggested that the component of sweat could penetrate
deep into the skin and come into contact with skin resident cells
such as mast cells in AD lesions through the disruption of
epidermal barrier by intense scratching 28, our results suggest
alternative possibility that mast cells would be sensitized to sweat
repeatedly leaked from fragile or damaged sweat glands/ducts
upon thermal stimuli: a decrease in the number of sweat droplets
and an increase in the diameter are characteristic IMT findings also
in inducible sweating. In acute AD lesions, not only basal but also
inducible sweating is also impaired. In this stage, AD patients often
complain of itching sensation when sweating and manifest exac-
erbations of clinical symptoms in the flexural areas. Sweating re-
sponses to Ach were also significantly decreased in acute AD as
compared with those in healthy controls.5

In contrast, sweat droplets observed in chronic AD were much
less numerous in number and smaller in size than those in acute A
and controls5,11 (Fig. 4). The severity of disease as assessed by
SCORAD was positively related to the number of sweat droplets at
the ridges in acute AD. These results could be interpreted as indi-
cating that in acute AD compensatory hyperhidrosis could determine
the severity of disease and be preferentially observed in the sweat
glands/ducts at the ridges while systemic hypohidrosis could be
determinative of the severity of disease in chronic AD and sweating
Please cite this article in press as: Shiohara T, et al., Sweat is a most effic
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responses at the folds contribute to the progression to the full
development of chronic AD. Based on our observations on sweating
defects observed in the different stages of AD, we propose a three-
stage model for the disease progression of AD that involve three
temporally overlapping stages. At the initial stage, sweating defect
could start with leakage of sweat from the sweat glands/ducts due to
the generic fragility of TJ. As a next step, compensatory hyperhidrosis
would occur preferentially in the inflammatory responses. At the
final stage, AD patients eventually would manifest the phenotype
with systemic hyperhidrosis not associated with compensatory hy-
perhidrosis. This model provides an explanation for why conflicting
results with respect to sweating responses have been reported in AD
patients (Fig. 2). Sweating responses to Ach were also significantly
decreased in sweat glands/ducts at the folds in acute AD, as shown in
those to thermal stimulus. Although this finding may be interpreted
as suggesting that autonomic dysfunction may play a role in
sweating defects, our results indicate that the sweating defects
observed in AD would be due to dysfunction of TJ. Sweating defects
would be a principal reason for the inability of the host to maintain
SSH, lose heat and eliminate the persisting pathogen.

Daily practice for restoring sweating disturbance according to
our three-step model

Given that leakage of sweat into the dermis could cause not only
chronic inflammation associated with itching sensation but also
dry skin, therapies for AD should be directed at preventing leakage
of sweat at early times while ameliorating inflammatory responses.
None of guidelines, however, have not provided consistent rec-
ommendations regarding how to maintain the normal functioning
o sweating. None of previous studies, however, has addressed a key
issue, i.e. how the normal functioning of sweating could be main-
tained. Although several methods have been proposed to enhance
sweating responses,30e34 their efficiency has never been compared
by a quantitative way. To resolve this issue, we investigated which
means could induce most efficiently sweating responses in healthy
individuals: in this study, sweating responses were induced by
three different means, i.e. immersion of leg in warm water, expo-
sure to warm temperature (28 �C) or humid air (80% relative hu-
midity, RH). The results demonstrated that immersion of legs in
warm water induced most efficiently sweating responses from
sweat ducts/glands located at the ridges thereby reducing skin
temperature (Shiohara,T. et al., unpublished data). Although a rapid
increase in sweating responses was also observed at the ridges, the
increase was transient and some participants were not able to
further sweat due to their failure to evaporate the sweat under high
humidity conditions: this would be due to their inability to dissi-
pate heat under this condition. Thus, an extremely high humid
environment would actually be detrimental to induce efficient
sweating responses because of a reduction in skin-to-air humid
gradient that governs evaporative potential. Given lack of negative
effects on thermoregulation such as heat illness, we can conclude
that immersion of legs in warm water is particularly suited for use
even in patients with AD who showed defective sweating re-
sponses. Indeed, immersion of legs in warm water has long been
used for reducing the responsiveness to antigen34 without recog-
nizing that this effect could be mediated by increased sweating
responses. We hypothesize that sweat ducts/glands located at the
ridges could have evolved not only as a thermoregulatory but also
as a backup to compensate for impaired functions of those located
at the folds: it remains largely unknown, however, how these two
types of sweat ducts/glands mutually regulate the function of the
other. Thus, we recommend that daily immersion of legs in warm
water be repeated to restore sweating disturbance in patients
characterized by dry skin and those with heat illness.
ient natural moisturizer providing protective immunity at points of
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Postlaser hypohidrosis-related dermatoses

Laser treatment has recently become a reasonable treatment
option for selective removal. Although laser hair removal has
generally been thought to be a safe and efficient treatment, several
adverse effects have recent be reported: most of them are related to
laser-induced injury to the treated areas. Both hair follicles and
eccrine glands are ectodermal appendages that arise through a se-
ries of reciprocal interactions between the embryonic ectoderm and
underlying dermis: given the location of eccrine glands near the hair
follicles, laser-induced thermal and mechanical damage to hair
follicles may have also a strong negative impact on the function of
sweat glands. Few reports, however, described changes in sweating
functions. In view of the recent view that the list of dermatoses
related to sweating dysfunction has been rapidly expanded,5,11,21,22

changes in sweating responses occurring after laser treatment
could be linked to subsequent development of previously unrec-
ognized hypohidrosis-related diseases: our recent studies have
demonstrated that a variety of inflammatory skin diseases ranging
from AD to lichen amyloidosis (LA) could be caused by the conse-
quence of extravasated sweat into the dermis/epidermis.21

Indeed, we recently have experienced interesting cases who
developed inflammatory skin diseases several months after laser
treatment. In these patients, localized hypohidrosis corresponding
to the lesions was detected and a significant resolution of the le-
sions occurred coincident with the restoration of sweating re-
sponses: in one patient, sweating dysfunction was limited to the
areas previously treated with laser treatment and this localized
hypohidrosis was confirmed by our IMT method (Shiohara, T. et al.,
unpublished data). These postlaser hypohidrosis-related dermato-
ses include purpura pigmentosa chronica, asteatotic ezema and
lichen planus (LP). These lesions were clinically characterized by
skin dryness in perilesional skin surrounding the lesions and his-
tologically by syringotropic infiltrates surrounding the sweat ducts/
glands. Clinical manifestations of these diseases were indistin-
guishable from typical manifestations of these lesions: the hall-
mark of these postlaser hypohidrosis-related dermatoses is the
presence of syringstropic lymphocytic infiltrates and resolution of
the lesions after withdrawal of topical corticosteroids followed by
topical moisturizers, both of which could results in the restoration
of sweating disturbance. Postlaser hypohidrosis-related dermato-
ses are apparently a heterogenerous group occurring with an
insidious onset after laser treatment. The localized hypohidrosis
may have been overlooked bymany physicians due to unawareness
of this form of hypohidrosis, which paradoxicallymay be associated
with compensatory hyperhidrosis in other areas, such as axillae.

Postherpetic hypohidrosis-related diseases

Despite numerous reports describing various complications of
herpes zoster (HZ), sweating disturbance is thought to be a rare
complication. Recent reports of herpetic syringitis have suggested
the possibility of sweat gland involvement of varicella-zoster virus
(VZV), 22,34e36 although quantification of sweating responses in these
patients has never been reported. In this regard, we have recently
reported that hypohidrosis localized to the involved dermatome site
as revealed by decreased sweating responses to thermal stimulus or
acetylcholine injection is a relatively common sequela of HZ.22 Our
results suggest that the localized hypohydrosis could bemediated by
a reduction in the number of excitable sweat glands rather than the
result of a lower sweat output per gland. Alternatively, decreased
sweating responses in the resolved HZ dermatome could result from
leakage of sweat into the dermis due to sweat gland/duct fragility
induced by VZV reactivation but not from nerve damage. In support
of this possibility, leakage of sweat into the dermis was identified by
Please cite this article in press as: Shiohara T, et al., Sweat is a most effic
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the presence of DCD around the sweat glands/ducts,22 as demon-
strated in AD lesions.5 These findings suggest that sweating distur-
bance after VZV infection would contribute to the onset of many
inflammatory dermatoses occurring within the healed HZ lesions.
We coin the term “postherpetic hypohidrosis-related isotopic response”
to recognize the association between the clinical features common to
a distinctive group of patients and postherpetic hypohidrosis. Inter-
estingly, these lesions could resolve by restoring hypohidrosis with
moisturizers, but not by topical corticosteroids.

Efficient management of hypohidrosis-related dermatoses by
moisturizers

Although standard recommendations for skin care for pa-
tients characterized by dry skin, such as AD patients, stress the
importance of maintaining skin hydration and the application of
moisturizers, there has been no objective data to guide recom-
mendations regarding optimal emollient or moisturizer application
strategies. These emollients or moisturizers appear to be empiri-
cally used to expect steroid-sparing effects and increasing skin
hydration status without objective measurement of interventions
to the skin: previous research has not quantitatively analyzed the
effect of topical agents including moisturizers on skin hydration
and sweating responses in healthy individuals or AD subjects. As
described above, sweating responses from sweat glands/ducts
located at the folds in hairy skin, such as extremities and trunk,
could function as a natural moisturizer that can maintain skin hy-
dration under baseline conditions. We therefore compared the ef-
fects of a moisturizer, named heparinoid, on “insensible” sweating
responses with those of petrolatum and topical corticosteroids
under baseline conditions. SSH and insensible sweating responses
were quantitatively assessed by conductance measurements on
skin surface and IMT measurements on the forearm of 10 healthy
volunteers. Those topical agents at different doses, such as 1 and 3
finger-tip-unit (FTU) of a moisturizer, petrolatum and corticoste-
roids were applied twice daily on different sites of the forearms for
14 days. One and 3 FTU of the moisturizer significantly improved
skin surface topography and increased SSH levels better than cor-
ticosteroids or petrolatum. Importantly, IMT analyses showed that
3 FTU of the moisturizer most efficiently increased insensible basal
sweating responses than other topical agents and 1 FTU of the
moisturizer. In particular, 3 FTU of the moisturizer markedly
increased basal sweating responses from skin folds, which have
been shown to be dramatically decreased in AD29 (Shiohara,T. et al.,
unpublished data). The increase was reflected in the increase in the
SSH levels. Inducible sweating responses to thermal stimulus were
also evaluated by IMT after 14-day application of these topical
agents. Application of 3 FTU of the moisturizer significantly
increased inducible sweating responses than 1 FTU of the mois-
turizer and of petrolatum. In contrast, 1 FTU of corticosteroids
suppressed inducible sweating responses in a few individuals.
Based on these findings, we recommend that sweating disturbance
in AD be primarily treated with a high dose (probably >3 FTU) of
the moisturizer, heparinoid, but not with petrolatum and cortico-
steroids. Repeated application of high doses of the moisturizer
would serve to either increase skin hydration or to restore skin
surface topography by increasing basal insensible sweating re-
sponses. High doses of the moisturizer alone for 6 months provided
the greatest average sweat output benefit for patients with severe
AD characterized by systemic dry skin (Fig. 2). After repeated
application of the moisturizer, leakage of sweat into the dermis
was no longer detected.28 Repeated application of the moisturizer
could have cutaneous effects beyond increasing basal sweating,
such as decreasing cutaneous microbiota that may contribute to
inflammation.
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Conclusion

Clinicians involved in the care of inflammatory skin diseases
characterized by various degrees of skin dryness need to be aware
of the great potential of sweat to increase and maintain skin hy-
dration, because skin hydration under basal conditions is largely
dependent on the insensible sweating from the sweat glands/ducts
at the skin folds. Our results clearly indicate that treatment of
various inflammatory diseases characterized by dry skin should be
primarily directed at preventing the leakage of sweat into the
dermis and epidermis. From the sweat's viewpoint, a high humidity
environment may have evolved the capacity to sweat in children,
thereby preventing genetically susceptible children from devel-
oping AD. In support of this view, children with AD living in a
subtropical climate have been shown to have a lower prevalence of
FLGmutations compared with those living in colder and drier parts
of Japan.37 Our results should prompt the clinician to focus on
preserving or restoring sweating responses by selecting topical
agents. Thus, selecting topical agents that preserve sweating re-
sponses is of prime importance in treating dermatoses character-
ized by dry skin.
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