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ABSTRACT

Acquired idiopathic generalized anhidrosis is a rare disease with unknown etiology. Sudden loss of sweating

function adversely affects young patients’ quality of life. Although systemic corticosteroid therapy is the most fre-

quently reported treatment for the disease, its effectiveness is controversial because of the risk of recurrence. To

assist clinical decision-making regarding whether to use steroids, we investigated the treatment responsiveness

and recurrence rates in patients undergoing steroid pulse therapy and explored factors affecting these rates. We

retrospectively collected data of 124 patients who received steroid pulse therapy to calculate the rate of respon-

siveness to the therapy. We also conducted a time-to-event analysis in a cohort of 57 patients who responded to

steroid pulse therapy to estimate the recurrence rate after the therapy. As a result, the response and recurrence

rates were 73% and 48%, respectively. Recurrence occurred within 1 year in most patients. The overall effective-

ness of steroid pulse therapy was estimated to be 57% considering the recurrence rate. A delay from onset to

treatment and younger age appeared to be negative factors for effectiveness. Moreover, we found a significant

seasonal effect on both treatment and recurrence: autumn was the worst season for acquired idiopathic general-

ized anhidrosis in Japan. Our study revealed that steroid pulse therapy can be expected to be effective in half of

treated patients. We recommend starting the therapy promptly after the diagnosis; however, it is also worth con-

sidering the season for treatment planning.
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INTRODUCTION

Acquired idiopathic generalized anhidrosis (AIGA) is a rare and

refractory disease with unknown etiology and mainly occurs in

young men.1 The main symptom is impairment of sweating,

which limits patients’ activity in hot environments and strongly

affects quality of life.2 Most cases of AIGA have been reported

in Asia, especially Japan.1,3,4 The cause of the disease has not

been determined, but studies have suggested that immunologi-

cal mechanisms may be involved in the impairment of sweat-

ing.5–7 Although some cases of AIGA are cured spontaneously,

most appear to become intractable after a certain time without

treatment.3,8,9

Systemic steroid therapy is the most frequently reported

treatment for AIGA, but its effectiveness has not been

sufficiently evaluated. Several reports have indicated consider-

able effectiveness of steroids for improvement of sweating

function,5,6,8,10 but complete ineffectiveness has also been

reported in some patients.3,11,12 Furthermore, a high recurrence

rate after the therapy has been reported.8,13 All such informa-

tion to date has been obtained from case reports or small case

series;8,14,15 no study has been performed to estimate treat-

ment effectiveness considering both the response and recur-

rence rates. In addition, although several factors have been

suggested to influence the prognosis, including age, sex and

duration from onset to treatment, these findings were not sup-

ported by statistics.3,13 Knowledge of the precise treatment

effectiveness with consideration of the recurrence rate as well

as identification of prognostic factors would be helpful for

determining whether to use steroids in patients with AIGA.
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To estimate the true effectiveness of steroid therapy in

patients with AIGA, we collected data from 124 patients trea-

ted with steroid pulse therapy and retrospectively examined

their responsiveness to the treatment. We then investigated the

recurrence rate among 57 patients who responded to the ther-

apy. Further, we explored prognostic factors affecting the

treatment effectiveness.

METHODS

Ethics
We conducted this study according to the principles of the

Declaration of Helsinki. The study was approved by the ethics

committees of Tokyo Medical and Dental University, Saitama

Medical University, and Aichi Medical University hospitals.

Responsiveness to steroid pulse therapy
To assess the responsiveness to the therapy, we retrospec-

tively collected data from all patients with AIGA who received

pulse therapy with 3-day i.v. methylprednisolone (0.5–1.0 g/
day) at Tokyo Medical and Dental University hospital from

April 2008 to May 2019, Saitama Medical University hospital

from January 2015 to December 2018, and Aichi Medical

University hospital from November 2015 to March 2017. The

patients’ age at start of treatment, sex, medical history, diag-

nostic and follow-up examinations, and clinical course were

obtained from the medical records. We confirmed the diagno-

sis of AIGA in accordance with the Japanese guideline.1

Patients were judged as responders to the therapy if the

body surface area with perspiration had increased by more

than 25% at 1 month after the pulse therapy. This area of

increased perspiration was estimated based on a medical

interview 1 month after the therapy and, in some patients, a

subsequent starch-iodine test (the accuracy of interviews is

assessed in Table S6). When patients received multiple

courses of pulse therapy, those who met the criteria at least

once were grouped as responders; the remaining patients

were grouped as non-responders. We adopted 25% as the

threshold according to the criteria for scoring disease severity

described in the Japanese guideline (area of hypohidrosis or

anhidrosis scored as follows: 1, 25%–49%; 2, 50%–74%; and

3, 75%–100%).1 This score reportedly has a good correlation

with quality of life.2 In this analysis, we did not consider

whether the patients developed recurrence after the therapy;

that is, we grouped all of the patients with recurrence as

responders. We also explored whether the patients’ charac-

teristics affected the responsiveness.

We examined the effect of each course of pulse therapy by

using the data of patients from Tokyo Medical and Dental

University hospital. We analyzed the influence of several fac-

tors on the responsiveness to each course of pulse therapy,

including post-treatment (oral prednisolone after the 3-day

pulse), number of courses, season and interval from the previ-

ous course (Table 2). We compared the rate of responsiveness

between every possible pair of months for more precise inves-

tigation on the seasonal effect (Fig. 1b, Table S2). We also

computed the correlation between the monthly rate of

effectiveness and the mean temperature, and the correlation

between the monthly rate of effectiveness and the mean

humidity in Tokyo, Japan, in 2019.16 The rate of responsive-

ness for each number of courses of pulse therapy was calcu-

lated separately for responders without recurrence (further

grouped according to the total number of courses performed),

responders with recurrence and non-responders (Table S3).

We also investigated adverse effects for each course of steroid

pulse therapy (Table S4).

Recurrence after steroid pulse therapy
To estimate the recurrence rate after successful steroid pulse

therapy, we conducted a retrospective cohort study using the

data of the patients who had responded to the pulse therapy

from Tokyo Medical and Dental University hospital. Time zero

was set to the 3rd (final) day of the last course of steroid pulse

therapy, and the observation was censored at the time of

recurrence or the end of the observation period. Patients were

judged to have developed recurrence if the area with perspira-

tion had decreased by more than 25% since the state of

remission according the criteria for scoring disease severity.1

When a patient also received pulse therapy after recurrence,

time zero was set to the last day of pulse therapy before the

recurrence, and only the initial recurrence was analyzed. The

recurrence rate was estimated by the Kaplan–Meier method.

We also explored whether the patients’ characteristics affected

the recurrence rate by univariate analyses (log–rank test). The

optimal threshold value of age was determined by receiver–op-
erator curve analysis with recurrence as the negative label (Fig.

S1). A Cox proportional hazards model was applied to com-

pare the young and older groups. We confirmed the assump-

tion of proportional hazards by the log-minus-log of

transformed Kaplan–Meier estimates of the survival function

(Fig. S2). We compared the patient characteristics between the

young and older groups to identify the potential cofounders

(Table S5).

The recurrence rate for each season was estimated based

on the data from Tokyo Medical and Dental University

hospital. According to the Japanese climate, we defined

spring, summer, autumn and winter as March–May, June–-
August, September–November and December–February,
respectively. The recurrence rate for each season was calcu-

lated as:

Rate ¼ N1

N1þN2
, (1)

where N1 denotes the number of patients who developed

recurrence during the season and N2 denotes the number of

patients who completed observation without recurrence during

the season. We deleted duplicate counts of seasons for

patients with more than 1 year of follow up.

Estimation of overall effectiveness
We estimated the overall rate of effectiveness of steroid pulse

therapy with the following equation:
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Effectiveness¼p1�ð1�p2Þþp1�p2�p3, (2)

p3 ¼
n1
n2

, (3)

where p1 denotes the initial response rate for the steroid pulse

therapy (Table 1), p2 denotes the estimated recurrence rate

during 12 months after the therapy (Figure 3a), n1 denotes the

number of patients who responded to the pulse therapy per-

formed after the first recurrence with no subsequent recur-

rence, and n2 denotes the total number of patients who

received pulse therapy after recurrence.

We also estimated the overall rate of effectiveness by a ret-

rospective cohort study using the data of all patients who had

undergone pulse therapy at Tokyo Medical and Dental Univer-

sity hospital (Fig. S4). Time zero was set as the starting day of

the first course of steroid pulse therapy. The observation period

ended on the day of the last course of steroid pulse therapy for

“cured” patients, whose remission periods were confirmed to

be longer than 11 months. For “not cured” patients, including

responders with a confirmed remission period that did not

reach 11 months and non-responders, the end of the observa-

tion period was set at 11 months before the last consultation

day. We uniformly set the end at 11 months before the last

consultation day to exclude the uncertain period during which

we could not judge whether the patients had been cured and to

minimize selection bias. We excluded data from patients whose

observation period was calculated as less than 0 months after

the subtraction of 11 months. The cure rate was estimated by

the Kaplan–Meier method with not cured as a survival function.

Statistical analysis
We performed statistical analyses by Fisher’s test (Tables 1,2,

Table S4, Fig. 2a), the Mann–Whitney U-test (Tables 1,2, Table

S4), paired t-test (Fig. 2c), the log–rank test (Fig. 3b) and the

methods specified in the main text. The Benjamini–Hochberg
procedure17 was utilized with Fisher’s test for multiple hypothe-

sis testing (Figs 2ab,3c, Table S2). For data processing includ-

ing computing P-values and visualization, we used MATLAB

version 2019a software (MathWorks, Natick, MA, USA); for

multiple hypothesis testing, however, we used R version 4.0.0

software18 with the RVAideMemoire package19.

RESULTS

Responsiveness to steroid pulse therapy
For precise evaluation of the effectiveness of systemic steroid

therapy for AIGA, both the response rate and recurrence rate

must be considered. We first examined the response rate to

(a) (b)

Figure 1. Representative images of a patient who responded to steroid pulse therapy. (a) Image of Minor’s test (starch-iodine test)
of a patient with acquired idiopathic generalized anhidrosis before treatment. There was no obvious change in color after 15 min in

a sauna at 65°C, indicating reduction of sweating function. (b) Image of Minor’s test of the same patient at 1 month after steroid

pulse therapy. The color changed to black after 15 min in a sauna at 65°C, indicating recovery of sweating function. [Colour figure

can be viewed at wileyonlinelibrary.com]

273© 2020 The Authors. The Journal of Dermatology published by John Wiley & Sons Australia, Ltd

on behalf of Japanese Dermatological Association

Effect of steroid pulse therapy for AIGA

www.wileyonlinelibrary.com


steroid pulse therapy for AIGA regardless of recurrence. We ret-

rospectively collected data of 124 patients with AIGA who

received steroid pulse therapy at three academic medical cen-

ters (Table S1). The male : female ratio of the patients was

3.6:1.0, and the median age was 32 years (interquartile range

[IQR], 21–41). The overall age and sex distribution were similar to

those in previous studies,1,3,4,8,9 but the female patients tended

to be younger than the male patients (24 [IQR, 18–33] vs

33 years [IQR, 21–41]; Mann–Whitney U-test, P = 0.033). Of the

124 patients, 90 (73%) responded to the steroid pulse therapy,

recovering their perspiration function within 1 month after the

therapy (Table 1, Fig. 1). This response rate to steroid pulse ther-

apy was also in accordance with a previous review of case

reports of systemic steroid therapy for AIGA (78%, 25/32
patients).8 We also explored whether the patients’ characteris-

tics affected the responsiveness and found that patients who

received steroid pulse therapy earlier had a better response

(Table 1, Fig. 2a).

For further exploration of factors that might affect the treat-

ment responsiveness, we examined the effect of each course

of pulse therapy because the patients often received multiple

courses of pulse therapy until remission. We analyzed 184

courses of pulse therapy among the 85 patients from Tokyo

Medical and Dental University hospital (average, 2.0 courses/
patient; standard deviation, 1.9). The response rate to each

course of pulse therapy was 43%, and the response was signif-

icantly affected by the season of treatment (Table 2). The

response rate to pulse therapy in November, which is late

autumn in Japan, was lower than that in spring and summer

(Fig. 2b, Table S2). Figure 2(b) also shows the mean tempera-

tures for each month in Tokyo. The response rates roughly cor-

related with the mean temperatures (Pearson’s correlation

coefficient, r = 0.50; 95% confidence interval [CI], −0.1 to 0.8;

P = 0.100). However, the response rates in spring were higher

than those in autumn, although the temperatures are almost the

same (discussed below). The correlation between the response

rate and humidity, which is another factor that affects sweating

function, was relatively weak (Pearson’s correlation coefficient,

r = 0.30; 95% CI, −0.3 to 0.7; P = 0.350) (Fig. S3). We also

confirmed that the response rate in autumn was lower than that

in the other seasons by comparing the rates in patients who

received multiple courses of pulse therapy and received the

therapy in both autumn and other seasons (Fig. 2c).

The response rate to the third course of pulse therapy was

lower than that to the first and second courses, but this does

not necessarily mean that the effect increased or decreased

depending on the number of courses (Tables 2,S3). The

response rate to the third course was lower than that to the

first and second courses because a substantial number of

patients with a good response had completed their therapy in

the first or second course (36/57 patients, 63%). The response

rate after the fourth course of pulse therapy was relatively

higher than that after the third course because we stopped the

therapy in most of the patients who had shown no response to

the first three courses (11/14 patients, 79%). We also con-

firmed that there was no bias between the treatment season

and the number of courses (Fisher’s test, P = 0.99).

Adverse effects of steroid pulse therapy were seen in 37 of

the 184 courses of pulse therapy (20%). All adverse effects

were mild except in one patient, who gained more than 20%

weight during prolonged treatment with an oral steroid after

pulse therapy (Table S4).20 Psychiatric disorders (especially

insomnia) and gastrointestinal disorders were the most fre-

quent adverse effects.

Recurrence after steroid pulse therapy
To assess the true effectiveness of steroid pulse therapy, we

next estimated the recurrence rate after the therapy. We con-

ducted a time-to-event analysis involving all 57 patients who

responded to the pulse therapy at Tokyo Medical and Dental

University (Table S5). The traces were started on the last day

of steroid pulse therapy and ended at recurrence (25/57, 44%)

or were censored if the primary doctor decided to end follow

up (5/57, 9%), the patient did not attend the return visit (12/57,
21%) or the end of the study was reached (21 May 2020) (16/
57, 28%). Follow up to recurrence or at least 12 months was

74% complete (42/57) and median follow up in patients with no

recurrence was 11.5 months (IQR, 6.6–19.0). Figure 3(a) shows

the results of the analysis with a Kaplan–Meier plot. The esti-

mated overall recurrence rate reached 48% at month 11 and

almost plateaued at that time point.

Next, we explored whether the patients’ characteristics or

other factors affected the recurrence rate. We found that

younger patients had a greater tendency to relapse based on

the univariate analyses (Table 3, Fig. 3b). Because the

Table 1. Comparison of patient characteristics between
responders and non-responders to steroid pulse therapy

Responder

Non-

responder Rate,† % P‡

All 90 34 73 [64–80] NA
Age, years 33 (19–41) 27

(21–41)
NA 0.326

Sex

Male 72 25 74 [64–83] 0.469
Female 18 9 67 [46–83]

Disease score§

1 5 3 63 [24–91] 0.532

2 14 3 82 [57–96]
3 71 28 71 [61–80]

Cholinergic urticaria

Yes 65 23 74 [63–83] 0.617

No 25 11 69 [52–84]
Delay

between

onset and
treatment,

months

7 (4–18) 36

(3–108)
NA 0.011

Data are presented as n, median (interquartile range) or percentage
[95% confidence interval].
†Rate of response in the specified group. ‡For continuous variables,
computed by Mann–Whitney U-test; for categorical variables, computed
by Fisher’s exact test. §Scored according to body surface area of hypo-
hidrosis or anhidrosis (1, 25–49%; 2, 50%–74%; 3, 75%–100%).1

P < 0.05 is indicated by bold. NA, not applicable.
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presence of cholinergic urticaria may be a confounding factor

(Table S5), we used a Cox proportional hazard model with age

and the presence of urticaria as independent variables to esti-

mate the relative risk. As a result, the estimated hazard ratio

was 2.5 for patients aged less than 27 years (95% CI, 1.1–5.8;
P = 0.034) and 1.1 for patients with cholinergic urticaria (95%

CI, 0.4–2.9; P = 0.841). Moreover, the recurrence rate was

highest in autumn, which indicated that autumn is the worst

season for maintaining remission as well as for achieving a

good treatment effect (Fig. 3c).

Finally, we estimated the net effectiveness of steroid pulse

therapy considering both the response rate and recurrence

rate. If we assume that a patient whose remission period is

longer than 11 months is cured according to the result shown

in Figure 3(a), only 21% of the patients (18/85 patients from

Tokyo Medical and Dental University hospital) met the require-

ment. This rate is too low for estimation of the effectiveness

because a certain number of patients responded to the therapy

but were censored before 11 months of follow up after the

therapy. We therefore estimated the effectiveness of the ther-

apy using an indirect method; that is, by multiplying the esti-

mated response rate and non-recurrence rate (73% and 52%,

respectively; the first term of Equation 2 in the Methods sec-

tion). For better estimation, we added information about the

effect of steroid pulse therapy performed after recurrence. We

performed steroid pulse therapy after recurrence in 11 patients.

Of those 11 patients, six (55%) recovered without subsequent

relapse (median follow-up time after the second remission,

7 months [IQR, 6–8]), three (27%) temporally responded but

relapsed again, and two (18%) did not respond to the therapy

anymore. Based on these data, we estimated the effectiveness

of steroid pulse therapy for AIGA to be approximately 57% (the

second term of Equation 2 approximates the cure rate of

patients who developed recurrence). We also confirmed the

estimation using the Kaplan–Meier method with adaptation to

our definition of cure (55% cure rate at month 23) (Fig. S4).

DISCUSSION

To investigate the true effectiveness of steroid pulse therapy

for AIGA, we examined both the responsiveness and recur-

rence rate after steroid pulse therapy. The initial response rate

to the therapy was 73% in our 124 patients. The estimated

recurrence rate reached 48% at approximately 1 year and then

plateaued based on our cohort study of 57 patients. The over-

all effectiveness of steroid pulse therapy was estimated to be

approximately 57%. We also identified some negative factors

that appear to influence the treatment effectiveness, including

a longer delay between onset and treatment, and a younger

age. Moreover, we revealed a strong seasonal effect on both
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treatment and recurrence. Our data indicate that although

more than half of the patients benefited from steroid pulse

therapy, there is room for improvement. Early recognition of

the disease and rapid start of the therapy after diagnosis are

crucial to improve patient outcomes. In addition, treatment

planning should include consideration of the most effective

seasons (spring and summer). When remission is achieved,

intense follow up is recommended, especially from autumn to

winter of the first year.

We recommend that basically all patients with AIGA should

be considered for steroid pulse therapy. Systemic steroid ther-

apy is currently the most frequently reported treatment for AIGA,

but it is not always the first choice.4,9,21,22 The main reasons to

avoid using steroids may be the risk of recurrence, adverse

effects associated with long-term use of steroids and expecta-

tion of spontaneous remission. Indeed, one study showed that

37% of patients (5/14) developed recurrence after systemic ster-

oid therapy.13 Our time-to-event analysis revealed a recurrence

rate of 48% at 1 year. Although this rate is certainly high, our

data also indicated that approximately 57% of patients

appeared to be cured by 1–6 courses of steroid pulse therapy

(median of two courses based on the 18 cured patients).

Considering the adverse effects of steroids, we must

undoubtedly avoid inappropriate long-term use of systemic

steroids.23 In the present study, however, we observed recov-

ery in many patients who had only received 3-day pulse

therapy of i.v. steroids; that is, their pulse therapy was not fol-

lowed by prolonged oral steroids. No serious, irreversible

adverse effects occurred in the patients who received steroid

pulse therapy without subsequent therapy. Therefore, we sug-

gest considering steroid pulse therapy without subsequent

therapy at the beginning of the treatment, especially in patients

with a high risk of adverse effects. However, prolonged oral

steroid therapy at an adequate amount and for an adequate

period of time, such as 0.5 mg/kg per day of prednisolone for

less than 4 weeks, is worthy of consideration for patients with

refractory disease because it seemed to be more effective than

steroid pulse therapy alone in the present study (Table 2).

An expectation of spontaneous remission may also affect

the decision to use steroids. Indeed, Cao and Tey9 reported

that spontaneous remission was observed in five of 13 (38.5%)

patients during several years of follow up. We might have

waited for spontaneous remission if our patients had only mild

symptoms; however, most of our patients had severe symp-

toms that restricted their activities: 80% of the patients

showed severe hypohidrosis/anhidrosis (>75% of body surface

area) and 71% had pain (Table 1).2 Steroid pulse therapy has

the potential to relieve such symptoms within a few days.8,15

The decision to delay therapy must be made only after careful

consideration, and the risk of a decreased therapeutic effect

must be considered.

Our exploratory analysis showed that autumn is the worst

season for both the treatment outcome and recurrence. The

mechanism of heat adaptation may account for this seasonal

difference. Because autumn is not the coldest season, the

ambient temperature should not be the only reason for the

seasonal difference. Body temperature regulation by sweating

reportedly differs between spring and autumn, although the

ambient temperatures are almost the same in these two sea-

sons.24 This fact indicates that seasonal adaptation over the

course of winter and summer persists in spring and autumn. In

addition, long exposure to heat, such as during summer,

increases sweating function but later conversely reduces

sweating function.25,26 Failure to adapt to the seasonal temper-

ature after a hot summer, such as an overshoot of the reduc-

tion mechanism, may account for the higher risks of ineffective

treatment and recurrence in autumn.

A limitation of this study may be the high proportion of cen-

sored patients who did not attend the return visit in the time-

to-event analysis. We expect that most of them had no recur-

rence because no other medical institution in our geographic

location specialized in this rare disease. If most of the cen-

sored patients had no recurrence, bias might have affected the

estimation of the recurrence rate and overall effectiveness of

the therapy. We therefore conducted a simulation assuming

that all of the patients who dropped out of the follow up had

no recurrence until the end of the observation period (May

2020). The estimated recurrence rate in this simulation was

43% at 1 year (95% CI, 30–56; representing an ~5% decrease

from the original estimation), and the overall effectiveness of

steroid pulse therapy was 58% (representing a 1% increase).

We do not believe that these biases are large enough to

reduce the credibility of our study.

Table 2. Responses to individual courses of steroid pulse
therapy

Effective Ineffective Rate,† % P‡

All 80 104 43 [36–51] NA

Post-treatment§

Yes 17 12 59 [39–76] 0.073

No 63 92 41 [33–49]
No. of courses

1st 31 47 40 [29–51] 0.049
2nd 28 21 57 [42–71]
3rd 8 22 27 [12–46]
≥4th 13 14 48 [29–68]

Season of treatment¶

Spring 28 28 50 [36–64] <0.001
Summer 36 24 60 [28–72]
Autumn 7 27 21 [9–38]
Winter 9 25 26 [13–44]

Interval,

monthsΔ
2.3 (1.3–3.9) 3.2 (1.4–5.8) NA

0.425

Data are presented as n, median (interquartile range) or percentage
[95% confidence interval].
†Rate of response in the specified group. ‡For continuous variables,
computed by Mann–Whitney U-test; for categorical variables, computed
by Fisher’s exact test. §Patients received oral steroid treatment after 3-
day pulse therapy of i.v. steroids, typically starting with 0.5 mg/kg per
day of prednisolone for 2–4 weeks. ¶Spring, March–May; summer,
June–August; autumn, September–November; winter, December–Febru-
ary. ΔInterval from previous course of pulse therapy, calculated from
the data of the second or later courses (number of courses of pulse
therapy: 46 and 55). P < 0.05 is indicated by bold. NA, not applicable.
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Another limitation of this study may be the accuracy of

therapy evaluation because we did not always perform Min-

or’s test after steroid pulse therapy. In most cases, we con-

ducted the primary evaluation of the therapeutic effect based

on self-assessment during outpatient care and confirmed the

result by performing Minor’s test before starting the next

course of pulse therapy at the time of rehospitalization. We

believe that the self-assessment of sweating function during

follow up was reasonably accurate (93% accuracy compared

with Minor’s test for follow up) (Table S6). However, a simpler

method than Minor’s test should be used to evaluate whole-

body sweating function during the routine care of patients

with AIGA.

In conclusion, our study revealed the precise effectiveness

of steroid pulse therapy for AIGA considering both the

response rate and recurrence rate. A longer period from

onset to treatment and a younger age appear to be risk fac-

tors for poorer outcomes, but focusing on treatment in the

proper season may increase the therapeutic effect. For exam-

ple, we might encounter the need to start treatment for a

patient with AIGA in autumn. In such cases, we should not

abandon steroid pulse therapy before the arrival of spring

even if the therapy shows no effect. It seems to take a cou-

ple of years to lose the responsiveness to steroid therapy

(Fig. 2a). Therefore, to decrease the risk of adverse effects of

steroids, it may be acceptable to reduce the frequency of

pulse therapy during autumn and winter. However, we instead

recommend increasing the frequency of pulse therapy during

spring and summer.
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Figure 3. Recurrence rate after steroid pulse therapy and influential factors. (a) Kaplan–Meier plot of recurrence-free time after ster-

oid pulse therapy (continuous plot). The rate reached approximately 50% at month 11 and almost plateaued thereafter. Dotted plots

indicate 95% confidence interval (CI). Numbers of patients at each time are indicated in the lower part. (b) Kaplan–Meier plots of

recurrence-free time in young (aged <27 years, dotted plot) and older (aged ≥27 years, contiuous plot) groups of patients. The
young group showed a higher rate of recurrence (P = 0.015, log–rank test). Numbers of patients at each time are indicated in the

lower part. (c) Recurrence rates in each season. The risk of recurrence after steroid therapy in autumn was higher than that in sum-

mer. Spring, March–May; summer, June–August; autumn, September–November; winter, December–February. Error bar indicates

95% CI. Number of patients: 32, 41, 50 and 34, respectively. **P = 0.007, Fisher’s test with Benjamini–Hochberg adjustment (over-
all Fisher’s test, P = 0.003). [Colour figure can be viewed at wileyonlinelibrary.com]

Table 3. Estimation of recurrence rate after steroid pulse
therapy and exploration of influential factors

n Recurrence rate at 12 months, % P†

All 57 48 [34–62] NA

Age, years
<27 24 67 [46–89] 0.015
≥27 33 34 [17–52]

Sex

Male 43 42 [26–59] 0.252
Female 14 64 [36–91]

Disease score‡

1 or 2 13 41 [13–69] 0.521

3 44 50 [33–66]
Cholinergic urticaria

Yes 39 52 [34–69] 0.374

No 18 38 [14–63]
Delay between onset and treatment
<12 months 38 46 [28–63] 0.777

≥12 months 19 53 [28–77]

Data are presented as n or percentage [95% confidence interval].
†Log–rank test.
‡Scored according to body surface area of hypohidrosis or anhidrosis
(1, 25%–49%; 2, 50%–74%; 3, 75%–100%)1. P < 0.05 is indicated by
bold. NA, not applicable.
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Figure S1. Receiver–operator curve with age as predictor and

recurrence as negative label.

Figure S2. Log-minus-log plots of Kaplan–Meier estimation for

validation of proportional hazard assumption.

Figure S3. Rate of response to steroid pulse therapy and

humidity.

Figure S4. Adapted Kaplan–Meier plot of cure rate.

Table S1. Number of patients from each academic medical

center

Table S2. P-values of all pairs of months, related to Figure 1(b)

Table S3. Details of individual course of steroid pulse therapy

and its response, related to Table 2

Table S4. Adverse effects of steroid pulse therapy

Table S5. Comparison of patient characteristics between

young and older groups of patients enrolled to time-to-event

analysis

Table S6. Comparison between Minor’s test and self-assess-

ment of sweating function after steroid pulse therapy
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