
Kobe University Repository : Kernel

PDF issue: 2025-06-28

Beneficial screening of Fabry disease in
patients with hypohidrosis

(Citation)
The Journal of Dermatology,49(2):308-312

(Issue Date)
2022-02

(Resource Type)
journal article

(Version)
Accepted Manuscript

(Rights)
This is the peer reviewed version of the following article: [Nagai-Sangawa, M,
Fukunaga, A, Takeuchi, C, Nishiyama, S, Horikawa, T, Nagano, C, et al. Beneficial
screening of Fabry disease in patients with hypohidrosis. J Dermatol. 2022; 49: 308-
312.], which has been published in final form at https://doi.org/10.1111/1346-…
8138.16237. This article may be used for non-commercial purposes in accordance with
Wiley Terms and Conditions for Use of Self-Archived Versions. This article may not be
enhanced, enriched or otherwise transformed into a derivative work, without express
permission from Wiley or by statutory rights under applicable legislation. Copyright
notices must not be removed, obscured or modified. The article must be linked to
Wiley’s version of record on Wiley Online Library and any embedding, framing or
otherwise making available the article or pages thereof by third parties from
platforms, services and websites other than Wiley Online Library must be prohibited.

(URL)
https://hdl.handle.net/20.500.14094/90008988

Nagai-Sangawa, Megumi ; Fukunaga, Atsushi ; Takeuchi, Chihiro ;
Nishiyama, Satoshi ; Horikawa, Tatsuya ; Nagano, China ; Nozu, Kandai …
Fujii, Hideki ; Nishigori, Chikako



Concise Communication 1 

Beneficial screening of Fabry disease in patients with hypohidrosis 2 

 3 

M. Nagai-Sangawa1, A. Fukunaga1*, C. Takeuchi1, S. Nishiyama1, T. Horikawa2, C. 4 

Nagano3, K. Nozu3, H. Fujii4, C. Nishigori1 5 

1 Division of Dermatology, Department of Internal Related, Kobe University Graduate 6 

School of Medicine, 7-5-1 Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan 7 

2 Ueda Dermatology Clinic, 1654-5 Harima-cho Nozoe, Nishi-ku, Kako-gun 675-0151, 8 

Japan 9 

3 Department of Pediatrics, Kobe University Graduate School of Medicine, 7-5-1 10 

Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan 11 

4 Department of Nephrology, Kobe University Graduate School of Medicine, 7-5-1 12 

Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan 13 

 14 

*Correspondence: Atsushi Fukunaga, M.D., Ph.D., Division of Dermatology, 15 

Department of Internal Related, Kobe University Graduate School of Medicine, 7-5-1 16 

Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan. Tel: +81-78-382-6134. Fax: +81-78-17 

382-6149. E-mail: atsushi@med.kobe-u.ac.jp 18 

mailto:atsushi@med.kobe-u.ac.jp


 19 

Manuscript word count: 987 20 

 21 

Figure and Table count: 2 Figure and 1 Table 22 

 23 

Funding source 24 

No financial support was received for this study.  25 



Abstract  26 

Fabry disease (FD), which is a lysosomal storage disease resulting from a deficiency of 27 

α-galactosidase A, leads to the accumulation of globotriaosylceramide in various tissues 28 

and multiorgan impairment. Early diagnosis is important to improve long-term prognosis. 29 

Early clinical manifestations of FD include neuropathic pain, vascular skin lesions, and 30 

sweating abnormalities. Hypohidorosis is one of the clinical findings in the early stage of 31 

FD. However, there have been no studies on prospective screening of FD in patients with 32 

definitive diagnosis of hypohidrosis. We examined α-galactosidase A activity in white 33 

blood cells in 17 (1 female and 16 male) patients with generalized hypohidorosis. Among 34 

17 patients, 1 male patient (approximately 5.8%) had significantly reduced α-35 

galactosidase A activity. He presented with a history of hypohidrosis with heat 36 

intolerance and neuropathic tingling pain in a warm environment from 6 years ago. He 37 

had a few angiokeratoma on the trunk and extremities. Ultrastructural examination of skin 38 

biopsy from the angiokeratoma revealed lamellar inclusions in endothelial cells. Kidney 39 

biopsy revealed swollen podocytes and Gb3 deposition in the glomerulus, and urinalysis 40 

revealed mulberry bodies. He was finally diagnosed with FD and started on enzyme 41 

replacement therapy with agalsidase alpha in the early stage. In addition, his family 42 



screening led to find the patients of four additional FD. Screening for FD in patients with 43 

hypohidrosis may lead to efficient early detection of FD. 44 

 45 
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INTRODUCTION 48 

Fabry disease (FD, OMIM 301500) is an X-linked lysosomal storage disorder caused by 49 

mutations in GLA gene that encodes α-galactosidase A, resulting in reduced lysosomal 50 

α-galactosidase A activity 1. Consecutively, globotriaosylceramide (Gb3) accumulates 51 

in various tissues, leading to multiorgan impairment. Because patients with FD often 52 

remain undiagnosed until severe complications involving cardiac, kidney, and 53 

cerebrovascular lesions develop, early diagnosis is important to improve long-term 54 

prognosis through suppressing multiorgan damage progression by several available 55 

therapies 1-3. Early clinical manifestations of FD include neuropathic pain, vascular skin 56 

lesions, and sweating abnormalities 4. However, to the best of our knowledge, there 57 

have been no studies on prospective screening of FD in patients with a definitive 58 

diagnosis of hypohidrosis on the thermoregulatory sweat test. To confirm the benefits of 59 

screening for FD in patients with hypohidrosis, we examined α-galactosidase A activity 60 

in white blood cells in patients with generalized hypohidorosis.  61 

 62 

CASE REPORT 63 

One female and sixteen male patients with generalized hypohidrosis confirmed by 64 

thermoregulatory sweat test at Kobe University (Kobe, Japan) were included. 65 



Generalized hypohidrosis is defined as ≥25% of the entire body affected with anhidrosis 66 

or hypohidrosis according to diagnostic criteria for acquired idiopathic generalized 67 

anhidrosis (AIGA) 5. The clinical characteristics of these patients are shown in Table 1. 68 

α-galactosidase A activity was abnormally low in two male patients (Table 1, Pt. 69 

No.12,17). Further examination for definitive diagnosis of FD was performed in these 70 

patients with low α-galactosidase A activity. Notably, one patient (Table 1, Pt. No. 12) 71 

was diagnosed with AIGA without any other symptoms or laboratory abnormalities of 72 

FD, and steroid pulse therapy was effective in improving sweating abnormalities in this 73 

patient. Another patient with markedly reduced α-galactosidase A activity 74 

(0.1 nmol/h/mg) (Table1, Pt. No.17 case report) was definitively diagnosed with 75 

classical FD. Of the other 15 patients, 1 patient had a hypothalamic pituitary tumor that 76 

caused hypohidrosis and 14 patients were diagnosed with AIGA. Detailed information 77 

on Pt. No.17 is described herein. 78 

A 20-year-old man presented with a 6-year history of hypohidrosis with heat intolerance 79 

and neuropathic tingling pain in a warm environment. He had a past medical history of 80 

bronchial asthma and atopic dermatitis. Thermoregulatory sweat test using the iodine-81 

starch method with sweating provoked by heat stimulation revealed anhidrosis of his 82 

entire body, including palms, soles, face, and axilla. Diseases that include hypohidrosis, 83 



such as Sjögren’s syndrome and hypothyroidism, were excluded by laboratory and 84 

physical examinations. As screening for FD, α-galactosidase A activity in white blood 85 

cells was examined, and it was significantly reduced (0.1 nmol/h/mg). The clinical 86 

examination revealed the presence of a few erythematous-purple papules on the trunk 87 

and extremities (Fig. 1a). This symptom was noticed about 4-5 years ago. Abnormal 88 

biochemical findings other than a decrease in α-galactosidase A activity were not 89 

detected. His enzymatic test showed low levels of plasma alpha-galactosidase A activity 90 

(0.1 nmol/h/mg), high levels of lyso-Gb3 (147.2ng/ml). Ultrastructural examination of 91 

skin biopsy specimen from the angiokeratoma of the left thigh revealed lamellar 92 

inclusions in endothelial cells (Fig. 1a, b). Kidney biopsy revealed swollen podocytes 93 

and Gb3 deposition in the glomerulus. Corneal opacity (cornea verticillata) was faintly 94 

observed, and urinalysis revealed mulberry bodies (Fig. 1c). Targeted sequencing by 95 

next-generation and sanger sequencing revealed a hemizygous mutation of c.928 C>T; 96 

p.(Leu310Phe) in exon 6, which has been reported previously as a pathogenic variant of 97 

GLA encoding α-galactosidase A 6. The patient was started on enzyme replacement 98 

therapy (ERT) with agalsidase alpha 0.2 mg/kg body every 2 weeks. Furthermore, an 99 

interview with the patient about his familial history revealed that his mother and three 100 

brothers with neuropathic tingling pain and hypohidrosis from childhood. And his 101 



mother was suffering from left ventricular hypertrophy of unknown origin. They were 102 

finally diagnosed with FD and started on ERT (Fig. 2). The patient and his two younger 103 

brothers noticed an improvement in sweating after ERT. 104 

 105 

DISCUSSION 106 

Early diagnosis is important to improve long-term prognosis of FD. Newborn screening 107 

and high-risk screening have been attempted for early diagnosis. A newborn screening 108 

study revealed that the frequency of FD was estimated to be 1:7683 in 599,711 109 

newborns in Japan and 1:10,585 (2/21,170) in Washington, United States 7, 8. High-risk 110 

screening studies have found 7 patients with FD among 230 males (approximately 3%) 111 

with left ventricular hypertrophy 9 and between 0.16 and 1.2 % have FD from dialysis 112 

patients 10. The main causes of death for FD are renal failure, heart disease or stroke at 113 

around the age of 50 years for hemizygous men and 70 years for obligate carrier 114 

women11,12. Therefore, earlier screening before serious organ damage is important to 115 

improve the long-term prognosis of FD. In contrast, 1 patient with FD was found among 116 

17 patients with hypohidrosis (approximately 5.8%) in our small study; this high rate 117 

indicates that screening by hypohidorosis might be more efficient, although further 118 

studies need. 119 



Dermatologists play an important role in early diagnosis because the cutaneous findings 120 

like a neuropathic pain, angiokeratomas, and sweating abnormalities appear in early 121 

stage of FD. Orteu et al 13 have documented the dermatological features of this disease 122 

with reference to data from 714 patients (345 males, 369 females) registered on the 123 

Fabry Outcome Survey (FOS), a multicentre European database.  They showed that 124 

78% of males and 50% of females of FD had one or more dermatological abnormality, 125 

the commonest being angiokeratoma (66% males, 36% females), hypohidrosis (53% 126 

males, 28% females), and telangiectasia (23% males, 9% females)13. Although 127 

angiokeratoma is the most frequent manifestation, hypohidorosis is also an important 128 

sign that appears with a high probability, especially in men. It is widely assumed that 129 

the hypohidrosis of FD results principally from an autonomic peripheral neuropathy, 130 

although Gb3 deposition in sweat gland cells have also been reported14, and the sweat 131 

gland dysfunction may play a role.  132 

Collectively, screening for FD in patients with hypohidrosis may lead to efficient early 133 

detection of FD. Thus, the important role of dermatologists in the early detection of FD 134 

should be reaffirmed. 135 

  136 



Acknowledgements 137 

The patient in this manuscript has given written informed consent to the publication of 138 

his case details. We thank Edanz Group (https://en-author-services.edanz.com/ac) for 139 

editing a draft of this manuscript. 140 

 141 

Conflicts of interest: A. Fukunaga has received lecture fees from Sumitomo Dainippon 142 

Pharma and Sanofi. K. Nozu has received lecture fees from Sumitomo Dainippon 143 

Pharma. H. Fujii has received grants from Sumitomo Dainippon Pharma, Sanofi, and 144 

Amicus Therapeutics and lecture fees from Sumitomo Dainippon Pharma and Sanofi. 145 

  146 



References 147 

1 Desnick RJ, Brady R, Barranger J et al. Fabry disease, an under-recognized 148 

multisystemic disorder: expert recommendations for diagnosis, management, 149 

and enzyme replacement therapy. Ann Intern Med 2003; 138: 338-46. 150 

2 Weidemann F, Niemann M, Breunig F et al. Long-term effects of enzyme 151 

replacement therapy on fabry cardiomyopathy: evidence for a better outcome 152 

with early treatment. Circulation 2009; 119: 524-9. 153 

3 Kant S, Atta MG. Therapeutic advances in Fabry disease: The future awaits. 154 

Biomed Pharmacother 2020; 131: 110779. 155 

4 Burlina AP, Sims KB, Politei JM et al. Early diagnosis of peripheral nervous 156 

system involvement in Fabry disease and treatment of neuropathic pain: the 157 

report of an expert panel. BMC Neurol 2011; 11: 61. 158 

5 Munetsugu T, Fujimoto T, Oshima Y et al. Revised guideline for the diagnosis 159 

and treatment of acquired idiopathic generalized anhidrosis in Japan. J Dermatol 160 

2017; 44: 394-400. 161 

6 Andreotti G, Citro V, De Crescenzo A et al. Therapy of Fabry disease with 162 

pharmacological chaperones: from in silico predictions to in vitro tests. 163 

Orphanet J Rare Dis 2011; 6: 66. 164 



7 Sawada T, Kido J, Yoshida S et al. Newborn screening for Fabry disease in the 165 

western region of Japan. Mol Genet Metab Rep 2020; 22: 100562. 166 

8 Scott CR, Elliott S, Buroker N et al. Identification of infants at risk for 167 

developing Fabry, Pompe, or mucopolysaccharidosis-I from newborn blood 168 

spots by tandem mass spectrometry. J Pediatr 2013; 163: 498-503. 169 

9 Nakao S, Takenaka T, Maeda M et al. An atypical variant of Fabry's disease in 170 

men with left ventricular hypertrophy. N Engl J Med 1995; 333: 288-93. 171 

10 Kusano E, Saito O, Akimoto T, Asano Y. Fabry disease: experience of screening 172 

dialysis patients for Fabry disease. Clin Exp Nephrol 2014; 18: 269-73. 173 

11    MacDermott KD, Holmes A, Miners AH. Anderson–Fabry disease: clinical         174 

      manifestations and impact of disease in a cohort of 98 hemizygous males. J Med  175 

      Genet 2001; 38: 750– 60.  176 

12    MacDermott KD, Holmes A, Miners AH. Anderson–Fabry disease: clinical    177 

      manifestations and impact of disease in a cohort of 60 obligate carrier females. J  178 

      Med Genet 2001; 38: 769– 75.  179 

13    Orteu CH, Jansen T, Lidove O, Jaussaud R, Hughes DA, Pintos-Morell G,  180 

      Ramaswami U, Parini R, Sunder-Plassman G, Beck M, Mehta AB, on behalf of  181 

      the FOS investigators. Fabry disease and the skin: data from FOS,  182 



      the Fabry outcome survey. Br J Dermatol 2007; 157: 331-337 183 

14    Lao LM, Kumakiri M, Mima H, et al: The ultrastructural characteristics of  184 

      eccrine sweat glands in a Fabry disease patient with hypohidrosis. J Dermatol    185 

      Sci 18：109-117, 1998   186 



Figure legends 187 

Figure 1 (a, b): Angiokeratoma of the left thigh. (a) Clinical image shows multiple, 188 

raised, red-to-purple, hyperkeratotic papules on the thigh. (b) Electron microscopy 189 

shows lamellar inclusions in endothelial cells on ultrastructural examination. (c): 190 

Urinalysis revealed mulberry bodies. 191 

Figure 2: Family pedigree: the index patient is marked with the arrowhead. 192 

  193 



Table 1. α-galactosidase A activity in white blood cells of 17 patients diagnosed with 194 

generalized hypohidrosis 195 

Patient 

No. 

Age Sex Medical history α-galactosidase A activity 

in white blood cells 

(normal range: 49.6–

116 nmol/h/mg) 

   Diagnosis 

1 46 M Chronic kidney disease, 

Hypertension, Atrial fibrillation 

50.2 AIGA 

2 41 M Atopic dermatitis- 103.3 AIGA 

3 31 M Systemic lupus erythematosus,  

Lupus nephritis 

89.1 AIGA 

4 23 M - 80.9 AIGA 

5 29 M - 72.7 Hypothalamic-

pitutary tumor 

6 50 M - 62.5 AIGA 

7 43 M Central diabetes insipidus 83.2 AIGA 

8 50 M - 80.4 AIGA 

9 25 M - 52.5 AIGA 

10 18 M Asthma 69.1 AIGA 

11 30 F Gender dysphoria 66.3 AIGA 

12 26 M - 30.6 AIGA 

13 39 M - 51.2 AIGA- 

14 17 M - 79.6 AIGA 

15 43 M - 70.2 AIGA 

16 38 M - 72.7 AIGA 

17 20 M Atopic dermatitis, Asthma 0.1 FD 

AIGA: Acquired idiopathic generalized anhidrosis, FD: Fabry disease 196 



a

b

Figure 1

c



-Hypohidrosis
-Angiokeratoma
-Neuropathic pain
-Corneal opacity

27years

-Hypohidrosis
-Angiokeratoma
-Neuropathic pain
-Corneal opacity
-Urine protein(+)

-Hypohidrosis
-Left ventricular hypertrophy

1 2 3 4 5

20years25years 18years 16years

Figure 2 Female 
carrier

Male

Confirmed 
Fabry disease

-Hypohidrosis
-Angiokeratoma
-Neuropathic pain
-Corneal opacity
-Basilar artery aneurysm 

Female


	manuscript JD 110421
	Concise Communication
	Beneficial screening of Fabry disease in patients with hypohidrosis
	Manuscript word count: 987
	Figure and Table count: 2 Figure and 1 Table
	Funding source
	No financial support was received for this study.
	Keywords
	INTRODUCTION
	CASE REPORT
	DISCUSSION
	Acknowledgements
	References
	Figure legends

	Fabry Fig1 2,20211104
	スライド番号 1
	スライド番号 2


