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Clinical features of atopic dermatitis change with age as skin homeostatic mechanisms develop. In some cases,
symptoms persist from childhood to adult. In early childhood, the characteristic features of this disease are
eczema or exudative papules accompanied by itching. After childhood, lichenified dermatitis preceded by
severe itching is the major skin manifestation. Presumably, this difference in clinical symptoms between
childhood and adulthood may derive from the age-specific physiological function of skin, such as maintenance
of proper stratum corneum, secretion of lipids, and perspiration. The volume and composition of secreted lipids
and sweat change with age; these changes affect water retention, skin surface pH, and the microbiome. These
physiological activities do not follow a hierarchy, but instead are coordinated to harmonize the maintenance of
skin homeostasis. Thus, daily skin care based on the characteristic age-specific physiological function of skin
should be considered to manage atopic dermatitis. The usage of moisturizers contributes to reduce skin dryness
and the incidence of atopic dermatitis, and is recommended immediately after bathing. A water temperature of
38 to 40 degrees during bathing can be beneficial for barrier recovery, and gentle detergents or soap should be
chosen if necessary. After exercise, excess sweat on the skin surface should be rinsed off. Avoidance of
perspiration-inducing activities is not necessary. High temperature and humidity on skin surface may cause
the development of miliaria and subsequent anhidrosis. Wearing hygroscopic and breathable underwear is
recommended.
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Physiological Function of Skin in Childhood

The clinical manifestation of atopic dermatitis (AD)
changes with age. Sulzberger, who first named atopic der-

matitis, described patients with AD using a characteristic
clinical picture for each stage of life.1 The clinical manifesta-
tion during the childhood period centers on eczematous change
accompanied by serous papules. As the clinical course pro-
gresses from childhood to adulthood, skin lesions begin to
change into a chronic dermatitis that has been historically re-
ferred to as disseminated neurodermatitis or Besnier’s pruri-
go.2,3 Immature homeostatic mechanisms in pediatric skin can
partly explain why the clinical manifestations are different
between children and adults. In this study, we describe the
characteristics of the physical function of skin in childhood.

Skin barrier function

Pediatric skin plays an important role in thermoregula-
tion and protection against external physical or chemical

stimuli.4 Infants born at full term have immature skin with
incomplete barrier function. This immaturity of the skin
barrier allows the penetration of specific external substances
and allows newborns to accumulate outside information and
adapt to their environment.5

Despite its immaturity, the infant skin barrier can prevent
leakage of water and also has the ability to retain water.
Transepidermal water loss (TEWL) is maintained at low
levels due to low perspiration. This is because, although
infants possess mature sweat glands (*2 to 5 million of
sweat glands/individual), their ability to perspire is not ac-
tivated at birth. Infants gradually activate their sweating
ability by crying or temperature adaptation. Eventually, in-
fants exhibit a minimal sweating ability6 (Fig. 1).

However, the TEWL value tends to be high in infants
born before 32 weeks of gestation. This phenomenon may
derive from their immature barrier function, thin epidermis,
and increased peripheral blood flow.6 The TEWL volume in
immature infants can be up to 30% of their body weight.
With maturation, the TEWL value gradually decreases.
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TEWL values are varied in each body area. Ordinarily, the
TEWL value is higher on the face than the trunk, and is
especially high in the nasolabial area and around the lips.
Thus, the skin around the mouth may be susceptible to ir-
ritants or allergens. This characteristic is commonly ob-
served from early infancy to childhood.7

After birth, the skin is exposed to air rather than amniotic
fluid for the first time. This drastic change in the humidity of
the environment affects the water retention of the stratum
corneum. The water retention capacity of infant skin im-
pacts its elasticity, flexibility, and the development of the
mature stratum corneum. Gradual maturation of the eccrine
sweat glands compensates this susceptibility to skin dryness.
As a result, water retention by the skin continues to increase
until 90 days after birth and will decrease to adult levels 1
year after birth.8

pH of pediatric skin

The pH of infant skin is almost neutral (6.5–7.5), due to the
higher pH of amniotic fluid, insufficient normal moisturizing
factors (NMF), immature microbiota, and immature enzymatic
activation cascades.9–11 During the first 2 days after birth, the
skin surface pH starts to decrease, reaching 4.5–6.0 after 3
months.8,12 Therefore, skin surface pH is unsettled, changeable
during this period, and contributes to the increased suscepti-
bility of the skin barrier toward disruption (Fig. 1).

Acidification of the skin surface is maintained by several
processes, such as skin lipid synthesis and sweat secretion.
Synthesized free fatty acids, derived from the cleavage of
intrinsic phospholipids by phospholipase A2 and from the
hydrolysis of triglycerides in sebaceous lipids by bacteria, play

an important role in skin acidification.13,14 De novo synthesis
of free fatty acids may be affected by the ceramide or filaggrin
content and the lactate acid-related content in sweat.13,15

The acidification of skin results in not only decreased sus-
ceptibility to infection but also in the proper functioning of pH-
responsive enzymes to formulate the corneocyte lipid envelope,
and to regulate the proper peeling of unnecessary stratum cor-
neum by controlling pH-sensible serine proteases.16,17

Skin Dryness and Utility of Moisturizer

As mentioned above, early infants have immature skin
barrier function and exhibit skin dryness. Such symptoms
are apparent in infants with ‘‘atopic diathesis.’’ In recent
years, a mutation in the filaggrin gene, which is thought to
be related to the disease ichthyosis vulgaris, has been found in
a small subset of patients with atopic dermatitis.18 Filaggrin
plays an important role in the maturation and maintenance of
skin barrier function. Filaggrin is derived from the serine
protease-mediated cleavage of profilaggrin in keratohyalin
granules, and the cleaved product, the filaggrin peptide,
bundles keratin filaments in the corneocyte to maintain the
strength of the cell. Further cleaved products of filaggrin
become NMF, and contribute to water retention in the stratum
corneum. Thus, a genetic decrease in filaggrin expression
results in fragility and dryness of the stratum corneum.19

On another front, the corneocyte lipid envelope, con-
sisting of free fatty acids, ceramides, and cholesterol, also
contributes to strength and moisture retention in the stratum
corneum.20 In atopic dermatitis, an abnormal ratio of cor-
neocyte lipid components, such as decreased ceramides, is
involved in barrier dysfunction.

FIG. 1. Relationship between the characteristic distribution of atopic dermatitis and the maturation of perspiration ability
with age. In early infancy, eczema frequently localizes the face, trunk, and extremities. In childhood, both eczema and
lichenified dermatitis tend to localize to the neck, cubital fossa, and popliteal fossa. In early infancy, immature sweating
ability possibly contributes to the widespread distribution of eczema. From birth to 36 months of age, the ratio of active
sweat glands to perspiration ability is fluid. This instability renders the maintenance of skin homeostasis difficult. As the
ability to perspire matures, skin surface pH decreases, and the distribution of dermatitis is concentrated in the sweat-
collecting flexor surfaces of joints.
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The use of moisturizers can compensate for impaired
barrier function in atopic dermatitis, contribute to prevent-
ing water loss or pathogen penetration, and increase the
water retention capacity of the stratum corneum.21,22 The
use of moisturizer from early infancy has been found to
decrease the incidence of atopic dermatitis.23 Several
moisturizers exist and can be functionally divided into those
that aid protection and water retention; these moisturizers
cover the skin surface and capture water, respectively. The
moisturizer should be chosen based on the patient’s skin
condition and the patient’s perception of its texture to in-
crease their adherence. For example, Vaseline is frequently
chosen to shield the damaged skin barrier, and is useful to
avoid the unfavorable impact of washing or rinsing repeat-
edly with or without detergents. Vaseline is hard to remove
from skin using hot water, because of its melting tempera-
ture of 38�C–60�C; thus, it prevents the loss of skin lipid
during hand washing, showering, and bathing.24 However,
its sticky texture sometimes decreases patient motivation to
use it. A moisturizer-mimicking corneocyte lipid envelope
has been found to decrease skin inflammation.25 Interest-
ingly, topical cholesterol application attenuates hapten-induced
contact hypersensitivity by maintaining the expression of
11b-HSD1, which converts corticosteroids from an inac-
tive to active form, in keratinocytes. This unique function
of cholesterol may contribute to the merit of using the
moisturizer-mimicking corneocyte lipid envelope, and leads
to the notion that topical cholesterol application may be
better than the use of topical corticosteroid to treat mild skin
inflammation.26

Moisturizers are recommended after bathing, at waking
up, and every time patients experience skin dryness.22 Chil-
dren sometimes play with sand and thereby lose moisture
from their hands, and are recommended to use moisturizers
after playing. The volume of moisturizer recommended is as
much as will stick to the skin when applied.

Management of Exacerbating Factors
in Pediatric Atopic Dermatitis

Management of exacerbating factors is important not
only to prevent the spontaneous flare up of disease but also

to prevent the progress of allergy.21,22 There are several
exacerbating factors in atopic dermatitis, and they change
with age. To reduce the risk of exposure to allergens in
living spaces or in the work place, cleaning and maintaining
cleanliness are important.22 Because scratching the itch
causes wounding of skin and aggravates the disease, clip-
ping nails should be considered. Secondary bacterial infec-
tion sometimes complicates the disease, and bleach baths
may be applicable in cases associated with bacterial infec-
tion.27 Nighttime itching frequently becomes problematic,
especially just before sleep, due to increased skin tempera-
ture.28 Cooling with ice pack can help the patient fall
asleep.29 Body temperature changes with circadian rhythm
during the day, increasing by degrees as the evening goes
on, and decreasing during sleep as a consequence of mela-
tonin, which is known to induce cutaneous vasodilatation,
secreted from the pineal gland by means of decreased ex-
posure to light.28 Thus, staying awake late watching TV or
electronic devices will decrease melatonin secretion and will
impair both the regulation of body temperature and the
quality of sleep. Regulation of life rhythm is important in
the management of atopic dermatitis.28

Food antigens comprise the characteristic exacerbating
factor for pediatric patients, and are thought to be sensitized
from both mucosal membrane and inflamed skin.30 As de-
scribed above, the skin around the mouth is susceptible to
irritation and exposure to antigens (mainly derived from
food). Eczema around the mouth should be noted and treated
as soon as possible. If breast milk or food sticks to skin, these
should be removed by wiping or rinsing without scrubbing.

Preventing food allergies may provide an additional ad-
vantage. A previous article reported that food allergy has
been found to be a factor inducing the progress of the al-
lergic march, and increases the incidence odds ratio of
atopic dermatitis, progression from atopic dermatitis to
asthma, and progression from atopic dermatitis to asthma
and subsequently allergic rhinitis, to 8.7, 12.5, and 32, re-
spectively.31 Thus, early intervention to prevent food allergy
will contribute to prevent the progression of multiorgan
allergic reactions.

A diet that avoids suspected allergens has been consid-
ered as an approach for pediatric patients who have

FIG. 2. Illustration of the
abnormalities of sweat glands
in atopic dermatitis. In atopic
dermatitis lesional skin, ob-
struction of sweat gland by a
keratotic plug or mucopoly-
saccharides, leakage of sweat
from the sweat apparatus into
dermal tissue, or histamines
have been found to contrib-
ute to decreased sweating
activity.
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confirmed food allergy based on a positive reaction in the
oral challenge test along with history, skin test, and blood
testing.21 The oral allergy test should be performed carefully
by experienced experts in the case of children at risk of
anaphylaxis.21 On the contrary, to avoid malnutrition,
medical staff should minimize the avoidance of foods, by
determining the specific causative food.

Sweat has been considered an exacerbating factor. In
providing guidance to patients, we should consider both the
beneficial and harmful aspects of sweat.21,32 Sweat has
important beneficial roles in the maintenance of skin ho-
meostasis, such as regulation of body temperature, host
defense mechanism, and moisturizing the skin.21,32 The heat
of vaporization derived from sweat decreases body tem-
perature. Antimicrobial peptides (eg, b-defensin, cathe-
licidin, dermcidin), moisturizing factors (eg, lactic acid,
urea), and cysteine protease inhibition in sweat contribute to
proper microbiome maintenance, water retention, and in-
activation of antigens with cysteine protease activity (eg,
Derp1, actinidin), respectively.33–35 Thus, if the patients are
able to sweat properly, they will not need to avoid activities
that cause sweating.21 Regarding the harmful aspects of
sweat, we should keep in mind that some atopic dermatitis
patients perspire less compared to nonatopic subjects. To
date, several articles have reported decreased acetylcholine-
induced sweating in both pediatric and adult patients with
atopic dermatitis.36–39 The mechanism underlying decreased
sweating in atopic dermatitis has been shown to involve the
obstruction of sweat flow by plugging of the sweat pore,
continuous anxiety, leakage of sweat, allergic inflammation
involved histamine, and autonomic nerve failure32,36,40

(Fig. 2). Thus, any treatment should relieve these skin
symptoms as well as anxiety, to allow patients to sweat
properly. Guidance regarding exacerbating factors should be
provided carefully so as to not cause parents and patients
unnecessary anxiety. Activities that induce perspiration are

not harmful to children with atopic dermatitis, and these
activities need not be prevented. In patients with normal
sweating, leaving excess sweat on the skin surface will
aggravate the disease, because the benefits of sweat will be
lost with time.32,34 For instance, increased pH, loss of pro-
tease inhibition activity, and contamination from dirt or
antigens on the skin surface were found in old sweat, and
these factors negatively impacted atopic dermatitis.32,34

Showering or rinsing to wash away the excess sweat is re-
commended after activities that involve perspiration21,41

(Fig. 3). From the view of appropriate regulation of body
temperature, use of underwear made from hygroscopic and
breathable fabric (eg, polyester) may be better than absor-
bent fabric (eg, cotton).42
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servir d’introduction à l étude diathésique. Ann Dermatol
Syphiligr 1892; 23:634–648.

FIG. 3. Practical visualiza-
tion of how to cope with
sweat in pediatric subjects
with atopic dermatitis. Rinse
both the affected cubital fos-
sa and wrist under running
water when patients wash
their hands. If possible, rins-
ing the popliteal fossa is also
recommended. Wipe away
excess sweat with wet towel
(without rubbing). Showering
is also recommended to re-
duce the severity of atopic
dermatitis.

LIFESTYLE GUIDANCE FOR PEDIATRIC ATOPIC DERMATITIS PATIENTS 199

http://online.liebertpub.com/action/showImage?doi=10.1089/ped.2016.0723&iName=master.img-002.jpg&w=360&h=266
http://online.liebertpub.com/action/showLinks?crossref=10.1001%2Farchderm.1935.01470030093010


4. Friedman F, Adams FH, Emmanouilides G. Regulation of
body temperature of premature infants with low-energy
radiant heat. J Pediatr 1967; 70:270–273.

5. Nikolovski J, Stamatas GN, Kollias N, Wiegand BC. Bar-
rier function and water-holding and transport properties
of infant stratum corneum are different from adult and
continue to develop through the first year of life. J Invest
Dermatol 2008; 128:1728–1736.

6. Emery MM, Hebert AA, Aguirre Vila-Coro A, Prager TC.
The relationship between skin maturation and electrical
skin impedance. J Dermatol Sci 1991; 2:336–340.

7. Marrakchi S, Maibach HI. Biophysical parameters of skin:
map of human face, regional, and age-related differences.
Contact Dermat 2007; 57:28–34.

8. Hoeger PH, Enzmann CC. Skin physiology of the neonate
and young infant: a prospective study of functional skin
parameters during early infancy. Pediatr Dermatol 2002;
19:256–262.

9. Stamatas GN, Nikolovski J, Mack MC, Kollias N. Infant
skin physiology and development during the first years of
life: a review of recent findings based on in vivo studies. Int
J Cosmet Sci 2011; 33:17–24.

10. Jauniaux E, Gulbis B. Fluid compartments of the embry-
onic environment. Hum Reprod Update 2000; 6:268–278.

11. Fluhr JW, Pfisterer S, Gloor M. Direct comparison of skin
physiology in children and adults with bioengineering
methods. Pediatr Dermatol 2000; 17:436–439.

12. Behrendt H, Green M. Skin pH pattern in the newborn
infant. AMA J Dis Child 1958; 95(1, Part 1):35–41.

13. Fluhr JW, Behne MJ, Brown BE, Moskowitz DG, Selden
C, Mao-Qiang M, et al. Stratum corneum acidification in
neonatal skin: secretory phospholipase A2 and the sodium/
hydrogen antiporter-1 acidify neonatal rat stratum corneum.
J Invest Dermatol 2004; 122:320–329.

14. Puhvel SM, Reisner RM, Sakamoto M. Analysis of lipid
composition of isolated human sebaceous gland homoge-
nates after incubation with cutaneous bacteria. Thin-layer
chromatography. J Invest Dermatol 1975; 64:406–411.

15. Houben E, Hachem JP, De Paepe K, Rogiers V. Epidermal
ceramidase activity regulates epidermal desquamation via
stratum corneum acidification. Skin Pharmacol Physiol
2008; 21:111–118.

16. Hachem JP, Man MQ, Crumrine D, Uchida Y, Brown BE,
Rogiers V, et al. Sustained serine proteases activity by
prolonged increase in pH leads to degradation of lipid
processing enzymes and profound alterations of barrier
function and stratum corneum integrity. J Invest Dermatol
2005; 125:510–520.

17. Deraison C, Bonnart C, Lopez F, Besson C, Robinson R,
Jayakumar A, et al. LEKTI fragments specifically inhibit
KLK5, KLK7, and KLK14 and control desquamation
through a pH-dependent interaction. Mol Biol Cell 2007;
18:3607–3619.

18. Palmer CN, Irvine AD, Terron-Kwiatkowski A, Zhao Y,
Liao H, Lee SP, et al. Common loss-of-function variants of
the epidermal barrier protein filaggrin are a major predis-
posing factor for atopic dermatitis. Nat Genet 2006; 38:
441–446.

19. Osawa R, Akiyama M, Shimizu H. Filaggrin gene defects
and the risk of developing allergic disorders. Allergol Int
2011; 60:1–9.

20. Grimalt R, Mengeaud V, Cambazard F, Study Investigators
G. The steroid-sparing effect of an emollient therapy in
infants with atopic dermatitis: a randomized controlled
study. Dermatology 2007; 214:61–67.

21. Saeki H, Nakahara T, Tanaka A, Kabashima K, Sugaya M,
Murota H, et al. Clinical practice guidelines for the man-
agement of atopic dermatitis 2016. J Dermatol 2016; 43:
1117–1145.

22. Katayama I, Kohno Y, Akiyama K, Aihara M, Kondo N,
Saeki H, et al. Japanese guideline for atopic dermatitis
2014. Allergol Int 2014; 63:377–398.

23. Horimukai K, Morita K, Narita M, Kondo M, Kitazawa H,
Nozaki M, et al. Application of moisturizer to neonates
prevents development of atopic dermatitis. J Allergy Clin
Immunol 2014; 134:824–830 e826.

24. Ashizuka Y, Horisawa E. Effects of manufacturing condi-
tions on pharmaceutical properties of petrolatum ointment.
Yakugaku Zasshi 2016; 136:1161–1169.

25. Berardesca E, Barbareschi M, Veraldi S, Pimpinelli N.
Evaluation of efficacy of a skin lipid mixture in patients
with irritant contact dermatitis, allergic contact dermatitis
or atopic dermatitis: a multicenter study. Contact Dermat
2001; 45:280–285.

26. Murota H, Itoi S, Terao M, Matsui S, Kawai H, Satou Y,
et al. Topical cholesterol treatment ameliorates hapten-
evoked cutaneous hypersensitivity by sustaining expression
of 11beta-HSD1 in epidermis. Exp Dermatol 2014; 23:
68–70.

27. Eichenfield LF, Tom WL, Berger TG, Krol A, Paller AS,
Schwarzenberger K, et al. Guidelines of care for the man-
agement of atopic dermatitis: section 2. Management and
treatment of atopic dermatitis with topical therapies. J Am
Acad Dermatol 2014; 71:116–132.

28. Lavery MJ, Stull C, Kinney MO, Yosipovitch G. Nocturnal
pruritus: the battle for a peaceful night’s sleep. Int J Mol
Sci 2016; 17:425.

29. Murota H, Katayama I. Evolving understanding on the
aetiology of thermally provoked itch. Eur J Pain 2016;
20:47–50.

30. Lack G, Fox D, Northstone K, Golding J, Avon Long-
itudinal Study of P, Children Study T. Factors associated
with the development of peanut allergy in childhood. N
Engl J Med 2003; 348:977–985.

31. Kijima A, Murota H, Takahashi A, Arase N, Yang L,
Nishioka M, et al. Prevalence and impact of past history of
food allergy in atopic dermatitis. Allergol Int 2013; 62:
105–112.

32. Murota H, Matsui S, Ono E, Kijima A, Kikuta J, Ishii M,
et al. Sweat, the driving force behind normal skin: an
emerging perspective on functional biology and regulatory
mechanisms. J Dermatol Sci 2015; 77:3–10.

33. Sato K, Kang WH, Saga K, Sato KT. Biology of sweat
glands and their disorders. I. Normal sweat gland function.
J Am Acad Dermatol 1989; 20:537–563.

34. Yokozeki H, Hibino T, Takemura T, Sato K. Cysteine
proteinase inhibitor in eccrine sweat is derived from sweat
gland. Am J Physiol 1991; 260(2 Pt 2):R314–R320.

35. Chua KY, Stewart GA, Thomas WR, Simpson RJ, Dilworth
RJ, Plozza TM, et al. Sequence analysis of cDNA coding
for a major house dust mite allergen, Der p 1. Homology
with cysteine proteases. J Exp Med 1988; 167:175–182.

36. Kijima A, Murota H, Matsui S, Takahashi A, Kimura A,
Kitaba S, et al. Abnormal axon reflex-mediated sweating
correlates with high state of anxiety in atopic dermatitis.
Allergol Int 2012; 61:469–473.

37. Takahashi A, Murota H, Matsui S, Kijima A, Kitaba S, Lee
JB, et al. Decreased sudomotor function is involved in the
formation of atopic eczema in the cubital fossa. Allergol Int
2013; 62:473–478.

200 MUROTA AND KATAYAMA

http://online.liebertpub.com/action/showLinks?pmid=11123773&crossref=10.1046%2Fj.1525-1470.2000.01815.x
http://online.liebertpub.com/action/showLinks?pmid=27011178&crossref=10.3390%2Fijms17030425
http://online.liebertpub.com/action/showLinks?pmid=27011178&crossref=10.3390%2Fijms17030425
http://online.liebertpub.com/action/showLinks?pmid=16550169&crossref=10.1038%2Fng1767
http://online.liebertpub.com/action/showLinks?pmid=12047648&crossref=10.1046%2Fj.1525-1470.2002.00082.x
http://online.liebertpub.com/action/showLinks?pmid=2654204&crossref=10.1016%2FS0190-9622%2889%2970063-3
http://online.liebertpub.com/action/showLinks?pmid=25282564&crossref=10.1016%2Fj.jaci.2014.07.060
http://online.liebertpub.com/action/showLinks?pmid=25282564&crossref=10.1016%2Fj.jaci.2014.07.060
http://online.liebertpub.com/action/showLinks?pmid=15009712&crossref=10.1046%2Fj.0022-202X.2003.00204.x
http://online.liebertpub.com/action/showLinks?pmid=3335830&crossref=10.1084%2Fjem.167.1.175
http://online.liebertpub.com/action/showLinks?pmid=11722487&crossref=10.1034%2Fj.1600-0536.2001.450505.x
http://online.liebertpub.com/action/showLinks?pmid=18253067&crossref=10.1159%2F000114872
http://online.liebertpub.com/action/showLinks?pmid=18200056&crossref=10.1038%2Fsj.jid.5701239
http://online.liebertpub.com/action/showLinks?pmid=12637607&crossref=10.1056%2FNEJMoa013536
http://online.liebertpub.com/action/showLinks?pmid=18200056&crossref=10.1038%2Fsj.jid.5701239
http://online.liebertpub.com/action/showLinks?pmid=12637607&crossref=10.1056%2FNEJMoa013536
http://online.liebertpub.com/action/showLinks?pmid=17191050&crossref=10.1159%2F000096915
http://online.liebertpub.com/action/showLinks?pmid=10874572&crossref=10.1093%2Fhumupd%2F6.3.268
http://online.liebertpub.com/action/showLinks?pmid=24060764&crossref=10.2332%2Fallergolint.13-OA-0547
http://online.liebertpub.com/action/showLinks?pmid=24813302&crossref=10.1016%2Fj.jaad.2014.03.023
http://online.liebertpub.com/action/showLinks?pmid=24813302&crossref=10.1016%2Fj.jaad.2014.03.023
http://online.liebertpub.com/action/showLinks?pmid=17596512&crossref=10.1091%2Fmbc.E07-02-0124
http://online.liebertpub.com/action/showLinks?pmid=17577354&crossref=10.1111%2Fj.1600-0536.2007.01138.x
http://online.liebertpub.com/action/showLinks?pmid=25266651&crossref=10.1016%2Fj.jdermsci.2014.08.011
http://online.liebertpub.com/action/showLinks?pmid=25178178&crossref=10.2332%2Fallergolint.14-RAI-0769
http://online.liebertpub.com/action/showLinks?pmid=13487076
http://online.liebertpub.com/action/showLinks?pmid=26415614&crossref=10.1002%2Fejp.777
http://online.liebertpub.com/action/showLinks?pmid=21173567&crossref=10.2332%2Fallergolint.10-RAI-0270
http://online.liebertpub.com/action/showLinks?pmid=20807257&crossref=10.1111%2Fj.1468-2494.2010.00611.x
http://online.liebertpub.com/action/showLinks?pmid=1899981
http://online.liebertpub.com/action/showLinks?pmid=20807257&crossref=10.1111%2Fj.1468-2494.2010.00611.x
http://online.liebertpub.com/action/showLinks?pmid=27193304&crossref=10.1248%2Fyakushi.15-00247
http://online.liebertpub.com/action/showLinks?pmid=237966&crossref=10.1111%2F1523-1747.ep12512337
http://online.liebertpub.com/action/showLinks?pmid=6018111&crossref=10.1016%2FS0022-3476%2867%2980422-0
http://online.liebertpub.com/action/showLinks?pmid=22824978&crossref=10.2332%2Fallergolint.12-OA-0429
http://online.liebertpub.com/action/showLinks?pmid=24224519&crossref=10.1111%2Fexd.12284
http://online.liebertpub.com/action/showLinks?pmid=16117792&crossref=10.1111%2Fj.0022-202X.2005.23838.x
http://online.liebertpub.com/action/showLinks?pmid=1742243&crossref=10.1016%2F0923-1811%2891%2990026-T
http://online.liebertpub.com/action/showLinks?pmid=23267210&crossref=10.2332%2Fallergolint.12-OA-0468
http://online.liebertpub.com/action/showLinks?pmid=27076388&crossref=10.1111%2F1346-8138.13392


38. Eishi K, Lee JB, Bae SJ, Takenaka M, Katayama I. Im-
paired sweating function in adult atopic dermatitis: results
of the quantitative sudomotor axon reflex test. Br J Der-
matol 2002; 147:683–688.

39. Sasagawa S. Studies on the dry form of eczema in childhood-
patchy pityriasiform lichenoid eczema. J Jpn Dermatol
Assoc 1967; 77:62–87.

40. Papa CM, Kligman AM. Mechanisms of eccrine anidrosis.
I. High level blockade. J Invest Dermatol 1966; 47:1–9.

41. Murota H, Takahashi A, Nishioka M, Matsui S, Terao M,
Kitaba S, et al. Showering reduces atopic dermatitis in
elementary school students. Eur J Dermatol 2010; 20:410–411.

42. Tanaka K, Hirata K, Kamata Y. Heat of sorption induced
by sweating affects thermo-regulatory responses during
heat load. Eur J Appl Physiol 2001; 84:69–77.

Address correspondence to:
Hiroyuki Murota, MD, PhD
Department of Dermatology

Course of Integrated Medicine
Graduate School of Medicine

Osaka University
2-2 Yamadaoka

Suita
Osaka 5650871

Japan

E-mail: h-murota@derma.med.osaka-u.ac.jp

Received for publication November 2, 2016; accepted after
revision November 17, 2016.

LIFESTYLE GUIDANCE FOR PEDIATRIC ATOPIC DERMATITIS PATIENTS 201

http://online.liebertpub.com/action/showLinks?pmid=12366413&crossref=10.1046%2Fj.1365-2133.2002.04765.x
http://online.liebertpub.com/action/showLinks?pmid=12366413&crossref=10.1046%2Fj.1365-2133.2002.04765.x
http://online.liebertpub.com/action/showLinks?pmid=25622342&crossref=10.1038%2Fjid.1966.93
http://online.liebertpub.com/action/showLinks?pmid=11394256&crossref=10.1007%2Fs004210000205
http://online.liebertpub.com/action/showLinks?pmid=20413368

