

[image: my_cover_image]


Perspiration Research


Current Problems in Dermatology

Vol. 51

Series Editors

Peter Itin Basel

Gregor B.E. Jemec Roskilde


 

Perspiration Research

Volume Editors

Hiroo Yokozeki Tokyo

Hiroyuki Murota Osaka

Ichiro Katayama Osaka

61 figures, 41 in color, and 10 tables, 2016

[image: logo]


Current Problems in Dermatology



	_______________________
Hiroo Yokozeki
Department of Dermatology
Graduate School of Medical and Dental Sciences
Tokyo Medical and Dental University
1-5-45 Yushima, Bunkyo-ku
Tokyo 113-8519 (Japan)

	_______________________
Hiroyuki Murota
Department of Dermatology
Course of Integrated Medicine
Graduate School of Medicine
Osaka University
2-2 Yamadaoka, Suita-shi
Osaka 565-0871 (Japan)




	_______________________
Ichiro Katayama
Department of Dermatology
Course of Integrated Medicine
Graduate School of Medicine
Osaka University
2-2 Yamadaoka, Suita-shi
Osaka 565-0871 (Japan)

	 





Library of Congress Cataloging-in-Publication Data

Names: Yokozeki, Hiroo, editor. | Murota, Hiroyuki, editor. | Katayama, Ichiro, editor.

Title: Perspiration research / volume editors, Hiroo Yokozeki, Hiroyuki Murota, Ichiro Katayama.

Other titles: Current problems in dermatology ; 51. 1421-5721

Description: Basel ; New York: Karger, [2016] | Series: Current problems in dermatology, ISSN 1421-5721 ; vol. 51 | Includes bibliographical references and index.

Identifiers: LCCN 2016030383| ISBN 9783318059045 (hard cover: alk. paper) | ISBN 9783318059052 (eISBN)

Subjects: | MESH: Sweating--physiology | Sweat Gland Diseases

Classification: LCC RL141 | NLM WR 102 | DDC 616.5/60072--dc23 LC record available at https://lccn.loc.gov/2016030383

 

Bibliographic Indices. This publication is listed in bibliographic services, including Current Contents® and Index Medicus.

Disclaimer. The statements, opinions and data contained in this publication are solely those of the individual authors and contributors and not of the publisher and the editor(s). The appearance of advertisements in the book is not a warranty, endorsement, or approval of the products or services advertised or of their effectiveness, quality or safety. The publisher and the editor(s) disclaim responsibility for any injury to persons or property resulting from any ideas, methods, instructions or products referred to in the content or advertisements.

Drug Dosage. The authors and the publisher have exerted every effort to ensure that drug selection and dosage set forth in this text are in accord with current recommendations and practice at the time of publication. However, in view of ongoing research, changes in government regulations, and the constant flow of information relating to drug therapy and drug reactions, the reader is urged to check the package insert for each drug for any change in indications and dosage and for added warnings and precautions. This is particularly important when the recommended agent is a new and/or infrequently employed drug.

All rights reserved. No part of this publication may be translated into other languages, reproduced or utilized in any form or by any means electronic or mechanical, including photocopying, recording, microcopying, or by any information storage and retrieval system, without permission in writing from the publisher.

© Copyright 2016 by S. Karger AG, P.O. Box, CH-4009 Basel (Switzerland)

www.karger.com

Printed on acid-free and non-aging paper (ISO 9706)

ISSN 1421-5721

e-ISSN 1662-2944

ISBN 978-3-318-05904-5

e-ISBN 978-3-318-05905-2



 

Contents

Preface

Yokozeki, H. (Tokyo); Murota, H. (Osaka); Katayama, I. (Osaka)

New Pathologies of Skin Disorders Identified from the History of Perspiration Research

Yokozeki, H. (Tokyo)

Classification of Systemic and Localized Sweating Disorders

Ohshima, Y.; Tamada, Y. (Nagakute)

New Findings on the Mechanism of Perspiration Including Aquaporin-5 Water Channel

Inoue, R. (Tokyo)

Old and New Approaches for Assessing Sweating

Murota, H. (Osaka)

Sweat as an Efficient Natural Moisturizer

Shiohara, T.; Sato, Y.; Komatsu, Y.; Ushigome, Y.; Mizukawa,Y. (Tokyo)

Genetic Disorders with Dyshidrosis: Ectodermal Dysplasia, Incontinentia Pigmenti, Fabry Disease, and Congenital Insensitivity to Pain with Anhidrosis

Wataya-Kaneda, M. (Osaka)

Histamine Modulates Sweating and Affects Clinical Manifestations of Atopic Dermatitis

Takahashi, A.;Tani, S.; Murota, H.; Katayama, I. (Osaka)

Sweating in Systemic Abnormalities: Uremia and Diabetes Mellitus

Murota, H. (Osaka)

Abberant Sudomotor Functions in Sjögren’s Syndrome: Comparable Study with Atopic Dermatitis on Dry Skin Manifestation

Katayama, I. (Osaka)

Clinical Analysis and Management of Acquired Idiopathic Generalized Anhidrosis

Satoh,T. (Tokorozawa)

Dyshidrotic Eczema and Its Relationship to Metal Allergy

Nishizawa, A. (Tokorozawa)

Pathophysiology and Treatment of Hyperhidrosis

Fujimoto,T. (Tokyo)

New Etiology of Cholinergic Urticaria

Tokura, Y. (Hamamatsu)

Sweat Allergy

Hiragun,T.; Hide, M. (Hiroshima)

Perspiration Functions in Different Ethnic, Age, and Sex Populations: Modification of Sudomotor Function

Lee, J.-B.; Kim, J.-H. (Cheonan); Murota, H.; (Osaka)

Author Index

Subject Index

 

 

 

 



	[image: Img]

	Online supplementary material: www.karger.com/book/toc/271839






 

Preface

Many investigators worldwide, particularly those in Japan, have performed leading studies on perspiration. In this book, I provide a history of studies on the physiology of perspiration and other research on perspiration. Particularly, I introduce in detail two historical physiologists: Dr. Yasu Kuno, a former professor at Nagoya University who dramatically revealed the physiology of perspiration in the early and maturation stages, and Dr. Kenzo Sato, a former professor at the University of Iowa. These Japanese investigators have played major roles in perspiration research.

Perspiration research developed dramatically in the 2000s. It has since been elucidated that perspiration not only has a temperature-regulating function and a non-slip function for the hands and feet, but also a natural bactericidal function through dermcidin, an antimicrobial peptide contained in sweat. Moreover, we propose that obstruction of the sweat glands plays a major role in the onset of disorders such as parapsoriasis, lichen planus, and lichen amyloidosis, and that Malassezia is an allergen in sweat that exacerbates atopic dermatitis and cholinergic urticaria, making perspiration abnormalities possible causes of many allergic skin disorders. Furthermore, sweat glands were found to play numerous roles, including as storage of stem cells for replenishing epidermal cells in the case of thermal burns and as water retention sites for replenishing moisture in the stratum corneum. We also introduce an analysis of the 3-dimensional structures of the sweat glands in disorders such as dyshidrosis by using high-speed en-face optical coherence tomography (OCT), which can visualize the sweat glands dynamically and 3-dimensionally. OCT provides 3-dimensional imaging by using optical interference; it visualizes the structures of biological tissues under the epidermis at a high resolution and can display the structure of the sweat ducts in the stratum corneum and the epidermis.

Furthermore, we demonstrate that sweat and the sweat glands can be visualized by using 2-photon excitation fluorescence microscopy in mice. These 3-dimensional analyses of the sweat glands are likely to unravel novel pathologies of skin disorders in the near future. I hope everyone who reads this book will develop more interest in investigations on perspiration.

Hiroo Yokozeki, Tokyo
Hiroyuki Murota, Osaka
Ichiro Katayama, Osaka
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New Pathologies of Skin Disorders Identified from the History of Perspiration Research

Hiroo Yokozeki

Department of Dermatology, Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University, Tokyo, Japan

______________________

Abstract

This chapter introduces the history of perspiration research and the latest perspiration research findings. Many investigators worldwide, particularly those in Japan, have carried forward globally leading studies on perspiration. This chapter will introduce the history of studies on the physiology of perspiration and perspiration research by classifying it in three stages, namely the early, maturation, and development stages, with a focus on Japanese researchers who have played active roles in each stage. In particular, I will introduce two historical physiologists in detail, Dr. Yasu Kuno, a former professor of Nagoya University, who dramatically revealed the physiology of perspiration in the early and maturation stages, and Dr. Kenzo Sato, a former professor of the University of Iowa.

© 2016 S. Karger AG, Basel

Early Stage of Perspiration Research

In 1775, Blagden published the first paper on perspiration research, showing that humans perspire to cool body temperature whereas dogs cool their bodies by panting when it is hot without perspiring, which he discovered by taking a sauna bath with a dog while measuring its body temperature [1]. In 1833, Purkinje discovered the sweat gland, and his pupil Wendt published a research paper on this finding [1]. Through the 1930s, the following basic items were already established in the physiology of perspiration: (1) humans and other animals have different mechanisms to control perspiration, (2) humans have eccrine and apocrine glands that have different anatomical structures and distributions, (3) perspiration from the eccrine glands is induced by heat, mental excitement, and taste stimulation, and (4) perspiration from the eccrine glands is innervated by sympathetic nerves (however, because cholinergic sympathetic nerves had not yet been discovered, there was a great debate over the mechanism of perspiration induced by the parasympathetic nerve stimulant pilocarpine and the presence or absence of dual innervation of the sweat glands by sympathetic and parasympathetic nerves, in a fashion similar to that in other organs). In 1875, Goltz reported that electrical stimulation of the sciatic nerve of cats caused perspiration on the pads of the rear feet [1]. Subsequently, Luchsinger, who is called the father of studies on the physiology of perspiration, and others reported that although perspiration disappears when the sympathetic nerve trunk is extracted, perspiration takes place in response to atropine, and electrical stimulation of the sciatic nerve causes mild perspiration despite extraction of the sympathetic nerve trunk, demonstrating dual innervation of the sweat glands. Meanwhile, Langley and colleagues denied dual innervation of the sweat glands and insisted on the concept of single innervation by the sympathetic nerves [1].

[image: Img]

Fig. 1. The number of reports on perspiration increased sharply in the 1950s.

However, the results of studies on the physiology of perspiration were minimally utilized clinically. That is, there was no impetus whatsoever to diagnose a responsible lesion or a causative disease based on patterns of perspiration abnormalities. Moreover, clinicians’ interests were concentrated on excessive perspiration alone, and decreased perspiration was not even studied in clinical settings. The first reason was that perspiration abnormalities were macroscopically examined clinically, such that decreased perspiration was not easily recognized. The second reason was that clinical research on the autonomic nervous system was targeted as an ‘autonomic nervous system imbalance’ showing increased autonomic function, and the presence of autonomic failure syndrome showing decreased autonomic function was not recognized. However, in 1928, Victor Minor [2], a Russian neurologist, established a qualitative method of determining perspiration sites using the starch-iodine method, and Dr. Kuno, a professor of Manchuria Medical College, reported a study on human perspiration over the whole body using the ventilated capsule method in 1934 and 1954 [3, 4]. This enabled both qualitative and quantitative determination of the amount of perspiration over the whole body, markedly advancing our understanding of the physiology of perspiration. The number of reports on perspiration increased sharply thereafter, to over 200 in the 1940s and then over 700 in the 1950s after the discovery of the ventilated capsule methods which can measure human perspiration over the whole body in 1934 and 1954 [3, 4] (fig. 1).

Maturation Stage of Perspiration Research

Clinical studies of perspiration abnormalities require easy and simple tests to objectively determine distributions of perspiration abnormalities. Thus, it is no exaggeration to say that clinical perspiration research blossomed with the invention of the Minor method (the starch-iodine method). Using his starch-iodine method, Minor also reported that thermal sweating occurs at hairy areas over the whole body, whereas emotional sweating occurs at the palms and soles [2]. On behalf of Minor, Guttmann and List [5], two German brain surgeons, established the usefulness of the Minor method and spread its use to the United Kingdom and the United States. They introduced the Minor method to research sweat nerve conduction pathways. 

Immediately after co-writing the above paper, List was exiled to the US; he continued to study perspiration using the Minor method in the US and co-wrote and published a book entitled Sweat Secretion in Man with Peet in the period from 1938 to 1939. This paper was cited as a key article in most English publications on clinical perspiration research in the 1940s. Meanwhile, based on clues obtained using the Minor method, Guttmann [6] developed the quinizarin method in 1937. The major turning point in clinical research on perspiration was the discovery that sweat nerves are cholinergic sympathetic nerves and the establishment of a diagnostic theory based on the results of sweating induced by drugs such as acetylcholine and pilocarpine. However, the Minor method made it possible for the first time to prove that the sweating nerves in humans are cholinergic. 

Sweating nerves were proven to be cholinergic by Rothman and Coon [7], at the Department of Dermatology, University of Chicago, and Hyndman and Wolkin [8], at the Department of Brain Surgery, Iowa State University, in the US. Rothman and Coon studied the perspiration reaction in humans when receiving an intracutaneous injection of acetylcholine using the Minor method and reported that perspiration induced by acetylcholine occurs more extensively in the area where the drug directly infiltrated. After the 1940s, there was a rapid increase in the number of papers on the Minor method in the UK and the US, and modified Minor methods were developed sequentially. From the second half of the 1950s, reports describing perspiration abnormalities in clinical cases using the Minor method (or modified techniques) started to accumulate. However, most of these clinical reports were on pathologies showing decreased perspiration, not excessive perspiration. 

With the appearance of the Minor method, there was a major shift in the theme of clinical research on perspiration from excessive to decreased perspiration. This is because the Minor method is essentially a qualitative test, suitable for the detection of decreased perspiration rather than excessive perspiration. As we all know, methods developed without relevance to the Minor method have often been used in perspiration research in recent years. These include the capsule ventilation method, sympathetic skin response, and microneurography. However, the distribution of perspiration abnormalities cannot be studied in detail with these methods, and the Minor method (or modifications thereof) is still the only way to determine the presence of sweating abnormalities. 

Dr. Yasu Kuno published papers on measuring the amount of perspiration over the whole body using the ventilated capsule method while he was a professor at Manchuria Medical College, making it possible to quantitatively determine the amount of perspiration over the entire body surface [3, 4]. The ventilated capsule for sweat measurement is placed at the measurement site; air (nitrogen) is sent to the capsule to cause the sweat to evaporate, and the amount of water in the air is detected to measure the amount of perspiration. This enables measurement of the amounts of trace moisture such as with emotional sweating [3, 4]. In recent years, a simple ventilated capsule for measuring the amount of perspiration using a humidity sensor was developed and is now used to study many diseases [9]. Thereafter, Dr. Kuno continued to study different innervations involved in emotional sweating and thermal sweating, as well as cholinergic sweat glands, albeit those innervated by sympathetic nerves, while as a professor at Nagoya University, which built the foundation of the present study of the physiology of perspiration. He was twice a candidate for the Nobel Prize, nominated in Physiology and Medicine [3, 4]. 
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Fig. 2. A photograph of Dr. Sato.

The development of these qualitative and quantitative methods to determine the amount of perspiration in humans dramatically advanced perspiration research and clinical research on perspiration [2-4]. In the maturation stage, there were advances in the study of eccrine sweat glands, the sweating organs. In particular, the accomplishments of Dr. Kenzo Sato (fig. 2), a professor at the University of Iowa, had the greatest impact on the advancement of studies on the physiology of perspiration. After graduating from Hokkaido University School of Medicine in 1964, Dr. Sato studied at the University of Oregon in 1967, where he started his research on sweat glands at the laboratories of professors Dobson and Lobitz. He then established a method of analyzing the perspiration function of isolated sweat glands in vitro at the Department of Dermatology and the Department of Physiology at Radboud University Nijmegen (the Netherlands) from 1970 to 1971 [10]. He then returned to the US and energetically studied the physiology of perspiration at the Department of Dermatology, University of Iowa, led by Professor John Strauss, from 1978 to 1997. With this electrophysiological analysis using an in vitro experimental system focusing on a single sweat gland by the patch clamp method, he demonstrated, for the first time, the presence of not only the choline receptor, but also adrenergic α- and β-receptors and the mechanism of sweat secretion by Na-K-2Cl cotransport, K-, Cl channels, and the Na-pump [10-12]. Dr. Sato reported the results of many analyses of the secretion function of sweat glands and analyses of the pathology of cystic fibrosis, publishing over 100 reports, primarily in prestigious journals of basic research such as the Journal of Clinical Investigation, the Journal of Physiology, and the American Journal of Physiology[10-12]. 

What these two great researchers, who advanced our knowledge of the physiology of perspiration historically, share in common is that they established Japanese-style research methods not by mimicking researchers from Western countries, but by applying their own insights. Furthermore, their research bases were overseas. 
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Fig. 3. Three-dimensional analysis of the sweat glands in the stratum corneum of the skin.

Development Stage of Perspiration Research

Perspiration research entered the development stage in the 2000s; it has since been elucidated that perspiration has not only a temperature-regulating function and a non-slip function for the hands and feet, but also a natural immunity function to protect the body from bacteria, with an antimicrobial peptide called dermcidin contained in sweat [13]. Moreover, it has been reported that obstruction of the sweat glands plays a major role in the onset of disorders such as parapsoriasis, lichen planus, and lichen amyloidosis [14, 15], and that Malassezia is an allergen in sweat, a factor exacerbating atopic dermatitis and cholinergic urticaria [16], making perspiration abnormalities possible causes of many allergic skin disorders. Furthermore, the sweat glands were found to play numerous roles, including storage of stem cells to replenish epidermal cells at the time of thermal burns and moisture retention to replenish moisture in the stratum corneum of the skin. 

In our department, we analyze the 3-dimensional structures of sweat glands in disorders such as hyperhidrosis, using high-speed en face optical coherence tomography which can visualize the sweat glands dynamically and 3-dimensionally. Optical coherence tomography provides 3-dimensional imaging using optical interference; it visualizes the structures of biological tissues under the epidermis at high resolution and can display the structure of the sweat ducts in the stratum corneum and the epidermis (fig. 3) [17]. It has now been demonstrated that in patients with primary focal hyperhidrosis, the amount of sweat present in the sweat ducts in the stratum corneum is greater than normal, as is the frequency of opening and closing of the sweat pores, and pore opening time is also longer. Three-dimensional analysis of the sweat glands is likely to unravel novel pathologies of skin disorders.
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Classification of Systemic and Localized Sweating Disorders

Yuichiro Ohshima · Yasuhiko Tamada

Department of Dermatology, Aichi Medical University School of Medicine, Nagakute, Japan

______________________

Abstract

Hyperhidrosis can be subdivided into generalized hyperhidrosis, with increased sweating over the entire body, and focal hyperhidrosis, in which the excessive sweating is restricted to specific parts of the body. Generalized hyperhidrosis may be either primary (idiopathic) or secondary. Secondary generalized hyperhidrosis may be caused by infections such as tuberculosis, hyperthyroidism, endocrine and metabolic disturbances such as pheochromocytoma, neurological disorders, or drugs. Focal hyperhidrosis may also be primary (idiopathic) or secondary. Frey’s syndrome is one form of secondary focal hyperhidrosis that occurs during eating together with reddening of the area in front of the ear following parotid gland surgery or injury. Primary focal hyperhidrosis is particularly common on the palms and soles of the feet, in the axilla, and on the head. Anhidrosis may be either congenital/genetic or acquired. Some of the most typical forms of congenital/genetic anhidrosis include hypohidrotic ectodermal dysplasia, congenital insensitivity to pain and anhidrosis, and Fabry disease. Acquired anhidrosis is classified as secondary anhidrosis, which may be due to an underlying disorder such as a neurological disorder, an endocrine or metabolic disturbance, or the effect of drugs, or idiopathic anhidrosis for which the pathology, cause, and mechanism are unknown. Idiopathic anhidrosis is classified into acquired idiopathic generalized anhidrosis (AIGA), idiopathic segmental anhidrosis, and Ross syndrome. AIGA is divided into three categories according to differences in the site of disturbance: (1) sudomotor neuropathy, (2) idiopathic pure sudomotor failure, and (3) sweat gland failure.

© 2016 S. Karger AG, Basel

Hyperhidrosis

Hyperhidrosis represents sweating that exceeds the amount necessary to control body temperature, to the extent that it interferes with activities of daily living or work [1]. This pathology can be subdivided into generalized hyperhidrosis, with increased sweating over the entire body, and focal hyperhidrosis, in which the excessive sweating is restricted to specific parts of the body. Generalized hyperhidrosis may be either primary (idiopathic) or secondary, occurring together with other conditions. Secondary generalized hyperhidrosis may be caused by infections such as tuberculosis, hyperthyroidism, endocrine and metabolic disturbances such as pheochromocytoma, neurological disorders, or drugs. In terms of neurological disorders, abnormalities of the cerebral cortex can either elevate or reduce sweating function. In the event of increased sweating on the paralyzed side after cerebral infarction, hyperhidrosis may also be induced by damage to the diencephalon, which contains the hypothalamus, the structure responsible for the central control of body temperature, or by autonomic nervous impairment due to spinal cord damage (table 1). Focal hyperhidrosis may also be primary (idiopathic) or secondary. Frey’s syndrome is one form of secondary focal hyperhidrosis that occurs during eating together with reddening of the area in front of the ear following parotid gland surgery or injury. This is attributed to damage to the parasympathetic innervations of the nerves that govern sweating [2].

Table 1. Causes of secondary generalized hyperhidrosis




	Infection

	Tuberculosis, bacterial endocarditis, liver abscess, cholangitis, pyelonephritis, sepsis




	Endocrine disorder

	Hyperthyroidism, acromegaly, pheochromocytoma, menopausal symptoms




	Metabolic disorder

	Diabetes, obesity, insulinoma




	Circulatory disorder

	Congestive heart failure, orthostatic hypotension




	Malignant tumor

	Malignant lymphoma, malignant tumor




	Connective tissue disease

	Systemic lupus erythematosus




	Neurological disorder

	Cerebrovascular disturbance, brain tumor, Parkinson’s disease, Shy-Drager syndrome




	Drug-induced side effect

	Psychotropics, sleep-inducing drugs, nonsteroidal anti-inflammatories, steroids







 

The diagnostic criteria for primary focal hyperhidrosis have been defined by Hornberger et al. [3] as the presence of localized excessive sweating with no obvious cause for at least 6 months that meets at least 2 of the following 6 symptoms:

1 Bilateral and relatively symmetric

2 Impairment of daily activities

3 Frequency of at least 1 episode/week

4 Age at onset <25 years

5 Positive family history

6 Cessation of focal sweating during sleep

Primary focal hyperhidrosis is particularly common on the palms and soles of the feet, in the axilla, and on the head. Prevalence and age at onset in Japan are 5.33% and 13.8 years for the palms, 2.79% and 15.9 years for the soles of the feet, 5.75% and 19.5 years for the axilla, and 4.7% and 21.2 years for the head, respectively. These rates are higher than those reported for America [4].

Anhidrosis

Anhidrosis refers to the absence (or reduction) of sweating even under conditions that would normally promote it (exercise, heat, or high humidity). Anhidrosis may be either congenital/genetic or acquired [5]. Some of the most typical forms of congenital/genetic anhidrosis include hypohidrotic ectodermal dysplasia, congenital insensitivity to pain and anhidrosis, and Fabry disease.

Hypohidrotic ectodermal dysplasia is a rare genetic disorder characterized by the faulty development of the ectodermal structure, resulting most notably in anhidrosis/hypohidrosis (lack of sweat glands), hypotrichosis (sparseness of scalp and body hair), and hypodontia (congenital absence of teeth) [6, 7]. This condition is usually an X-linked recessive disorder affecting predominantly males [8].

Congenital insensitivity to pain and anhidrosis is characterized by autosomal recessive inheritance with recurrent episodes of unexplained fever, failure to thrive, insensitivity to pain, self-mutilation, and mild mental retardation. The lack of pain sensation often results in severe oral mutilation. Bite wounds have been reported to cause laceration and ulceration of the tongue, lips, and other oral mucosa. Tooth luxation and severe dental attrition have also been observed. Other problems include chronic bone and joint infections [9, 10]. Despite the presence of normal sweat glands, the absence of postganglionic sympathetic fibers innervating the sweat glands means that no sweating occurs. The genetic mutation is in the gene encoding the neurotrophic tyrosine kinase receptor (NTRK1) [11].

Table 2. Classification of acquired anhidrosis



	Type

	Disorder




	Idiopathic

	AIGA
Idiopathic segmental anhidrosis
Ross syndrome





	Secondary

	 




	Sympathetic nerve disturbance

	Central: Horner syndrome, brainstem damage
Peripheral: polyneuritis, Sjögren syndrome




	Associated with skin disorder

	Miliaria
Chronic inflammatory dermatitis (seborrheic dermatitis, atopic dermatitis)
Keratotic disorders (psoriasis, lichen planus, Darier disease)
Ichthyosis
Atrophic lesions (scleroderma, lichen sclerosus et atrophicus, chronic radiodermatitis, xeroderma pigmentosum)




	Endocrine or metabolic disturbance

	Hypothalamic disturbance (diabetes insipidus, Simmonds’ disease, Addison’s disease) 
Hypothyroidism
Severe dehydration




	Drug-induced

	Atropine, scopolamine, tetraethylammonium, hexamethonium, etc.





 

Fabry disease is a rare X-linked lysosomal storage disorder characterized by deficiency of the lysosomal enzyme α-galactosidase A. This results in systemic accumulation of globotriaosylceramide and related glycosphingolipids in the lysosomes of cells throughout the body. Early symptoms in classically affected male and female patients include angiokeratoma, anhidrosis, neuropathic pain, gastrointestinal symptoms, and microalbuminuria. Progressive renal failure, heart failure, and stroke generally occur later in life [12]. Globotriaosylceramide accumulates in the endocrine regions of sweat glands, and anhidrosis is evident [13].

Acquired anhidrosis is classified as secondary anhidrosis, which may be due to an underlying disorder such as a neurological disorder, an endocrine or metabolic disturbance, or the effect of drugs, or idiopathic anhidrosis for which the pathology, cause, and mechanism are unknown (table 2). Of the different types of idiopathic anhidrosis, the absence of sweating in acquired idiopathic generalized anhidrosis (AIGA) extends over almost the entire body and is defined as ‘an acquired reduction in sweating without any obvious cause and no autonomic or neurological abnormalities other than impaired sweating’ [5]. This impairment of sweating, which plays an important role in controlling body temperature, means that the core temperature in the patient can easily rise during exercise or under hot conditions. AIGA is therefore distinguished from disorders such as idiopathic segmental anhidrosis [14] and Ross syndrome [15], in which the absence of sweating is distributed segmentally.
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