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Abstract

Background: Recent studies have highlighted the importance of extra-intestinal

routes of sensitization to food-related allergens as the cause of epidemics of food

allergy. Instances of Japanese women developing food allergy to wheat after

exposure to hydrolyzed wheat protein (HWP) present in facial soap have been

reported. However, the epidemiologic impact of these ingredients as a cause of

food allergy has not been well studied.

Methods: To clarify the epidemiological relationship between food allergy to

wheat and contact exposure to HWP, a case–control study of Japanese women

aged 20–54 years with self-reported wheat allergy (WA) (cases, n = 157) and age-

matched control subjects without WA (controls, n = 449) was performed using a

large-scale Web-based research panel. Subjects answered a Web-based question-

naire regarding the use of skin and hair care products, as well as other possible

risk factors.

Results: Current use of an HWP-containing facial soap (Cha no Shizuku; Yuka)

was significantly associated with an increased risk of WA (adjusted odds ratio,

2.6; 95% confidence interval, 1.2–5.7; frequencies of current use in cases and con-

trols; 11% and 6%, respectively). Use of Cha no Shizuku was more common in

subjects with more recent-onset WA, implying that this soap may have contrib-

uted to the recent epidemic of WA.

Conclusions: An epidemiological relationship between WA and contact exposure

to HWP has been documented. This study implicates a possible role of contact

exposure to food-derived protein hydrolysates as a risk factor for the develop-

ment of food allergy manifesting itself as anaphylaxis.

The burden of food allergy is an emerging public health prob-

lem worldwide (1, 2). The prevalence of adult-onset food

allergy as well as childhood allergy has increased in recent dec-

ades (3). However, little is known about the cause of this

increase, especially in adults. Recently, some studies have high-

lighted the importance of an extra-intestinal route of sensitiza-

tion to food-related allergens, that is, environmental allergens,

as the cause of food allergy (4–6). Birch pollen-related food

allergy (7–9) and latex–fruit allergy syndrome (10, 11) are well-

studied and characterized examples of this.

Reflecting the worldwide trend toward the use of ‘natural

materials’ as ingredients of skin and hair care products

including facial soaps, body soaps, cosmetics, shampoo, hair

treatments and hair conditioner, food-derived protein hydro-

lysates is becoming increasingly commonly used as moisturiz-

ers or emulsifiers. Considering the potential importance of

the extra-intestinal route of sensitization, it can be hypothe-

sized that skin and/or rhinoconjunctival exposure to these

ingredients may be a cause of the development of food

allergy (12–16). However, epidemiological evidence support-

ing this hypothesis has been limited so far.

In late 2010, a small number of cases of Japanese women

with wheat-dependent exercise-induced anaphylaxis (WDEIA)
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AD, atopic dermatitis; AR, allergic rhinitis; BA, bronchial asthma;

CIs, confidence intervals; HWP, hydrolyzed wheat protein; OR,
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induced anaphylaxis.
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associated with skin and/or rhinoconjunctival contact expo-

sure to hydrolyzed wheat protein (HWP) in facial soap were

reported (17, 18). After the publication of these papers,

numerous similar cases have been reported from various insti-

tutions in Japan (19–23). This suggests that primary sensitiza-

tion to HWP contained in skin and hair care products

resulting in the development of food allergy to wheat may be

relatively common in Japanese women. It is hypothesized that

HWP contained in these products might be contributing to

the epidemic of wheat allergy (WA) in women.

The aim of this study was to elucidate the epidemiological

link between WA and exposure to HWP contained in skin

and hair care products. Because WA is relatively rare in the

general population, a case–control design was chosen. We

used a large-scale Web-based research panel to recruit wheat-

allergic patients and age-matched controls. The use of skin

and hair care products containing HWP was compared

between the cases and controls.

Methods

Study design

A case–control study of Japanese women aged 20–54 years

was performed. Both wheat-allergic subjects (cases) and con-

trol subjects were selected from the population living in

Japan, which was obtained using a large-scale Web-based

research panel. Characteristics of the studied Internet

research monitor population are shown in the Supporting

information. The ethics committee of Sagamihara National

Hospital approved the study protocol (No. 7 in 2010).

Web-based survey

Figure 1 shows the protocol for the Web-based survey.

First, the research company sent e-mails inviting participa-

tion in the screening survey. These were sent to an age-

stratified random sample of subjects in the research panel

between January 14 and January 25, 2011. No further invi-

tations were sent once 200 000 responses had been

obtained. The Web-based screening questionnaire consisted

of five questions regarding WA (Q1–Q5, shown in the

Appendix S1). Subjects (hereafter, cases) were considered as

having self-reported WA if they met the following three cri-

teria: (i) affirmative response to Q1, ‘Do you experience

any allergic symptoms after eating certain foods?’; (ii) indi-

cating ‘wheat’ in the response to Q2, ‘Which of the foods

listed below are you allergic to?’; and (iii) indicating <2 h

in their response to Q3, ‘How many hours after eating

wheat do your allergic symptoms appear?’. Three times as

many age-matched controls were also chosen from subjects

who denied food allergy in Q1. Consequently, e-mail of

invitations to the secondary survey was sent to 328 cases

and 984 controls.

476 excluded
owing  to exclusion
or dropout of their
matched cases

145 excluded
owing to 
discrepancy in 
answers between 
screening and 
secondary 
questionnaires

200 000 women aged 20–54 years
responded to the invitation by e-mail

Self-reported wheat
allergy
N = 524

10266 refused

Self-reported allergy
to food other than
wheat   N = 31 093

Age-matched controls

N = 984

Controls
Age-matched controls

N = 449

Cases
Self-reported wheat 

allergy confirmed  by 
secondary 

questionnaire
N = 157

Secondary questionnaire: topic not disclosed
N = 1227 (302 cases and 925 controls)

Short screening questionnaire: topic not disclosed
N = 189 734

No food allergy
N = 158 118

Subjects for the case-control study

Immediate
hypersensitivity to

wheat
N = 328

Delayed
hypersensitivity to

wheat
N = 196

26 drop out 59 drop out

Random sampling

Figure 1 Protocol of Web-based survey.
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The first e-mail inviting participation in the secondary

survey was sent on January 28, 2011, and reminders were

sent up to three times until we received answers. The second-

ary survey ended on February 7, 2011. The secondary ques-

tionnaire contained detailed questions regarding WA, allergic

diseases other than food allergy, and use of skin and hair

care products. To ensure the validity of the answers in the

screening questionnaire, the secondary questionnaire included

the same questions as Q1 and Q2 of the former and in addi-

tion the question ‘At what age did you become allergic to

wheat?’, which was almost the same as Q5 of the screening

questionnaire. Of the 328 cases to whom an invitation to the

secondary survey was sent, 302 responded (for a response

rate of 92%). We excluded 145 cases that showed discrepan-

cies between the answers to these three questions in the

screening and secondary questionnaires. Finally, data from

157 cases and 449 matched controls could be analyzed here.

Questions in the secondary questionnaire

The secondary questionnaire included questions about the use

of soap, shampoo, hair treatment and conditioner, and cos-

metics. All the popular brands of skin and hair care products

in Japan were listed on the questionnaire, and subjects were

asked to indicate which product they were ‘currently using’ or

‘have used before’ in the past 5 years. If the currently used

brand was not listed, subjects were asked to provide the name

of the brand they were using. If subjects gave an affirmative

response for current or past use of the HWP-containing facial

soap ‘Cha no Shizuku’ (Yuka, Fukuoka, Japan), the causal

brand in most of the cases reported (17, 21), additional ques-

tions were posed on when they started to use and when they

discontinued use of this brand and whether they experienced

allergic symptoms after contact with the soap.

The questionnaire also included questions about possible

risk factors associated with WA, namely smoking status,

weight, height, allergic rhinitis (AR), atopic dermatitis (AD),

and bronchial asthma (BA) comorbidities. Cases with WA

were also asked whether their allergic symptoms were

induced or exacerbated by exercise, whether they had been

diagnosed as having WDEIA by their doctor, the frequency

of WA episodes over the last 12 months, how much wheat

product they consumed, and the type of symptoms induced

by wheat ingestion.

Statistical analysis

The collected data were analyzed using SPSS ver. 21.0 (IBM,

Tokyo, Japan). Descriptive statistics were used to character-

ize the cases and control subjects. Conditional logistic regres-

sion was used to compare the demographics of cases and

controls and determine adjusted odds ratios (OR) and 95%

confidence intervals (CIs) for the association between use of

skin and hair care product and risk of WA.

The chi-square test and Fisher’s exact test were used to

determine whether distributions of categorical variables sig-

nificantly differed from each other. Trend analysis was tested

with the use of SPSS CROSSTAB command’s linear-by-linear

association test. A P-value of ≤0.05 was considered statisti-

cally significant.

Results

Characteristics of cases and controls

Demographic characteristics of 157 subjects with self-

reported WA and the age-matched controls are shown in

Table 1. Cases were significantly more likely to have AR,

BA, and AD than control subjects. In 85% of the cases, the

onset of WA was in adolescence or adulthood and 52% had

their WA diagnosed by a doctor.

Table 1 Demographic characteristics of cases with self-reported

WA and their age-matched control subjects

Cases

(n = 157)

Control

subjects

(n = 449)

P-

value

Gender (=female), n (%) 157 (100) 449 (100) N.A.

Age, years, mean � SD 35.2 � 7.9 35.3 � 7.8 N.A.

Allergic diseases, n (%)

Allergic rhinitis 119 (76) 226 (50) <0.001

Asthma 37 (24) 23 (5) <0.001

Atopic dermatitis 58 (37) 56 (12) <0.001

Smoking status, n (%)

Non-smoker 117 (75) 326 (73) 0.164

Past smoker 13 (8) 62 (14)

Current smoker 27 (17) 61 (14)

Body mass index, kg/m2,

mean � SD

21.6 � 3.6 21.0 � 3.2 0.067

Presentation of WA

Onset age >12 years,

n (%)

133 (85) –

WA diagnosed by

doctor, n (%)

81 (52) –

Exacerbation of WA

symptoms by exercise,

n (%)

67 (43) –

WDEIA diagnosed by

doctor, n (%)

31 (20) –

Frequency of episodes of WA during the last 12 months, n (%)

0 28 (18) –

1–2 46 (29) –

3–5 37 (24) –

6–10 16 (10) –

11– 30 (19) –

How much wheat have you eaten recently?

No wheat 13 (8) –

A small amount of

wheat

45 (29) –

A usual amount of

wheat

90 (57) –

Avoid eating only

before

exercise

9 (6) –

WA, wheat allergy; WDEIA, wheat-dependent exercise-induced

anaphylaxis; N.A., not assessed.
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Use of skin and hair care products as risk factors for WA

Frequencies of the use of different skin and hair care prod-

ucts are shown in Table 2. All brands which were currently

used by more than 3% of the cases are shown in the table

and were analyzed. Because comorbid allergic diseases were

associated with the use of some brands of skin and hair care

products (data not shown), statistical analysis of the associa-

tion between the use of these products and risk of WA was

performed after adjustment for AR, BA, and AD. The

frequency of cases currently using the HWP-containing soap,

‘Cha no Shizuku’, was 11%, significantly higher than in con-

trol subjects (5%, P = 0.014), with an adjusted OR of 2.6

(95% CIs, 1.2–5.6). As shown in Table 2, some other brands

also contained HWP. However, use of no other brand

showed a statistically significant association with WA. To

compare the risk of WA between users of ‘Cha no Shizuku’

soap and users of other HWP-containing products, we per-

formed an unconditional multivariate logistic regression

analysis after adjustment for AR, BA, and AD and after lim-

iting the subjects to those who were currently using any of

the HWP-containing brands listed in Table 2. When com-

pared with the use of other HWP-containing brands, use of

‘Cha no Shizuku’ was associated with an increased risk of

WA with an adjusted OR of 2.3 (95%CI, 0.94–5.56) (data

not shown). However, this difference did not reach statistical

significance (P = 0.07).

Associations between the use of ‘Cha no Shizuku’ and

WA were also evaluated using different exposure parame-

ters. The subjects were divided into three groups according

to their history of product use as follows: (i) subjects who

were currently using the product (current users), (ii) those

who had used it before but not currently (past users), and

(iii) those who had never used it (never users). We found

that only current use was associated with WA with an OR

of 2.6 (1.2–5.7) (Table 3, model 1). Subjects were then

divided into four groups according to the duration of use

of the product. It can be seen that the duration of use

≥2 years was associated with an increased risk of WA with

an OR of 4.2 (1.6–10.7) (Table 3, model 2). In an analysis

of all subjects who had ever used the soap (current or past

users), current users were more likely to have used it for

≥2 years (P = 0.005).

Of the 29 subjects who had ever used the soap (current

or past users) in the allergic group, seven experienced itchi-

ness of the face and/or eyes, sneezing, a runny nose, or

Table 2 Frequency of current use of each skin and hair care prod-

uct and associations with self-reported wheat allergy

Name of brand*

No. of current users

(%)

Adjusted OR†

(95%CI) P-value

Cases

(n = 157)

Controls

(n = 449)

Facial soaps and body soaps

K.B. 31 (19.7) 118 (26.3) 0.7 (0.4–1.1) 0.111

U.D. 18 (11.5) 60 (13.4) 0.8 (0.4–1.5) 0.506

Cha no Shizuku‡ 17 (10.8) 26 (5.8) 2.6 (1.2–5.6) 0.014

G.C. 15 (9.6) 56 (12.5) 0.9 (0.5–1.9) 0.866

D.C. 10 (6.4) 16 (3.6) 2.2 (0.2–23.1) 0.519

U.L. 5 (3.2) 11 (2.4) 1.2 (0.4–3.7) 0.817

Shampoo

U.L. 19 (12.1) 70 (15.6) 1.1 (0.8–1.5) 0.607

P.P. 13 (8.3) 67 (14.9) 0.7 (0.3–1.3) 0.207

S.W.‡ 13 (8.3) 17 (3.8) 1.8 (0.8–4.3) 0.184

S.R. 10 (6.4) 34 (7.6) 0.8 (0.4–1.8) 0.577

C.I.‡ 8 (5.1) 24 (5.3) 1.2 (0.5–3.0) 0.736

P.H. 8 (5.1) 21 (4.7) 1.3 (0.5–3.4) 0.542

S.G. 5 (3.2) 12 (2.7) 1.6 (0.5–5.1) 0.416

Hair treatment

U.L. 17 (10.8) 66 (14.7) 0.9 (0.5–1.7) 0.755

P.P. 16 (10.2) 73 (16.3) 0.8 (0.4–1.4) 0.392

S.W.‡ 12 (7.6) 17 (3.8) 1.5 (0.6–3.6) 0.416

S.R. 9 (5.7) 32 (7.1) 0.8 (0.4–1.9) 0.678

P.H. 8 (5.1) 21 (4.7) 1.5 (0.6–3.7) 0.430

C.I.‡ 7 (4.5) 28 (6.2) 0.9 (0.4–2.3) 0.844

K.E. 6 (3.8) 23 (5.1) 0.5 (0.2–1.5) 0.246

K.A. 6 (3.8) 23 (5.1) 0.6 (0.2–1.6) 0.295

S.G. 5 (3.2) 11 (2.4) 1.6 (0.5–5.2) 0.404

P.V. 5 (3.2) 9 (2.0) 1.1 (0.3–4.6) 0.844

Cosmetics

R.H. 18 (11.5) 62 (13.8) 0.8 (0.4–1.5) 0.531

D.S.‡ 17 (10.8) 28 (6.2) 1.7 (0.8–3.7) 0.136

D.C. 12 (7.6) 34 (7.6) 1.2 (0.6–2.5) 0.610

F.N. 8 (5.1) 16 (3.6) 1.0 (0.4–2.6) 0.996

O.R. 7 (4.5) 24 (5.3) 0.8 (0.3–2.0) 0.581

S.E. 7 (4.5) 16 (3.6) 0.9 (0.3–2.8) 0.903

A.L. 5 (3.2) 10 (2.2) 1.3 (0.4–4.7) 0.667

OR, odds ratio.

*Names of brands other than ‘Cha no Shizuku’ (Yuka) are indicated

by their initials.

†Adjusted for allergic rhinitis, atopic dermatitis, and asthma.

‡Some products of this brand contain hydrolyzed wheat protein.

Table 3 Association between use of the facial soap ‘Cha no Shiz-

uku’ containing HWP and self-reported wheat allergy

Facial soap containing

HWP, ‘Cha no

Shizuku’

Cases

(n = 157)

Controls

(n = 449) Adjusted OR*

(95% CI)No. (%) No. (%)

Model 1

History of use

Never used 128 (82) 383 (85) 1

Ever used 12 (8) 40 (9) 1.0 (0.4–2.1)

Currently using 17 (11) 26 (6) 2.6 (1.2–5.7)

Model 2

Duration of use

Never used 128 (82) 383 (85) 1

<1 year 12 (8) 41 (9) 0.9 (0.4–2.1)

1 year 4 (3) 14 (3) 1.0 (0.3–3.5)

≥2 years 13 (8) 11 (2) 4.2 (1.6–10.7)

OR, odds ratio; 95% CI, 95% confidence interval; HWP, hydrolyzed

wheat protein.

*Adjusted for allergic rhinitis, atopic dermatitis, and asthma.
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swelling of the eyelids after using it (24%). This was sig-

nificantly higher than in the control group (5%, 3/66)

(P = 0.008).

Presentation of WA in relation to the use of ‘Cha no

Shizuku’

To further elucidate the relationship between the use of the

soap and WA, we assessed associations between history of

use and the presentation of WA. Figure 2 shows the fre-

quency of current users and past users relative to the time of

onset of WA. Frequencies of current users were higher in

more recent-onset WA (P for trend = 0.002), suggesting that

the use of the soap is associated with the recent epidemic of

WA. Compared with the frequency of current users in the

controls, a significantly higher frequency was observed only

in cases who had developed WA within the last 4 years

(P = 0.001). This might be explained by the fact that this

facial soap started to be sold in 2004, namely 7 years before

this study.

Associations between history of soap use and presentation

with WA are shown in Table 4. Current use of the soap was

associated with doctor-diagnosed WA. Although the overall

frequency of diagnosed WA was 52%, it was as high as 76%

among the current users. Additionally, eye and nose symp-

toms after wheat ingestion were more common among cur-

rent users than never users, and about half of the current

users were also diagnosed as having WDEIA by their doctor.

These presentations of WA were compatible with those of

cases who were clinically diagnosed as suffering from

WDEIA induced by this soap (17, 21).

Discussion

This Web-based case–control study explored epidemiologi-

cal relationships between the use of the HWP-containing

facial soap ‘Cha no Shizuku’ and risk of WA. Current use

of the soap was significantly associated with increased risk

of WA with an adjusted OR of 2.6. Additionally, current

use of this soap was more common in cases with more

recent-onset WA, implying that it may have contributed to

the recent epidemic of WA. To the best of our knowledge,

this is the first study that shows the epidemiological impact

of contact exposure to food-derived protein in skin and

hair care products on the epidemic of adult-onset food

allergy.

‘Cha no Shizuku’ was a popular facial soap in Japan. The

company (Yuka) sold more than 40 million bars to more

than 4 million customers up to 2010. This product contained

an acid-HWP named Glupearl 19S (Katayama Chemical,

Inc, Osaka, Japan) included for its moisturizing effect and

emulsification function. The soap started to be sold in 2004,

and sales increased with time. A minority of allergists and

dermatologists began to become aware of the potential role

of HWP in this soap as an inducer of WA in 2009–2010.
However, this was not recognized by the general allergist and

the public until the company started a voluntary recall of the

HWP-containing soap on May 25, 2011. After the voluntary

recall, the allergy problem induced by this soap was publi-

cized by the media and in the meantime has grown to be rec-

ognized as a major public health problem in Japan.

Therefore, the current study was performed before the gen-

eral recognition of the allergy problem. In October 2011, the

Japanese Society of Allergology (JSA) determined the diag-

nostic criteria for the immediate WA induced by exposure to

Glupearl 19S contained in this soap (21). To date, more than

2000 patients meeting these criteria have been reported to the

JSA.

Among the skin and hair care products containing HWP,

a statistically significant association with WA was observed

only for ‘Cha no Shizuku’ soap. The reason for this cannot

be determined from the present study. Differences in the

amount of HWP in the different products may explain this,

because ‘Cha no Shizuku’ contained the relatively high level

of 0.3% of HWP. Another possibility may relate to the high

volume of sales of this soap, resulting in a sufficient sample

size for reliable statistical analysis. One more explanation

may relate to the difference in biochemical properties

between Glupearl 19S and the HWPs in other products.

HWPs produced by different companies have been used in

skin and hair care products in Japan. A strong sensitizing

capacity of Glupearl 19S has been shown in animal models,

although not in a direct comparison with other HWPs (24).

Glupearl 19S contains higher molecular weight proteins,

which may increase its allergenicity (25, 26). More recently,

studies have shown that the deamidation of glutamine resi-

dues in gluten by acid-heat treatment also contributes to the

1
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30

40

1

Controls

23–4 5–1011≤

Self-reported wheat allergy (Cases)

Onset of wheat allergy (years ago)

Ever used

Currently using
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eq

ue
nc

y 
 (%

)

Figure 2 Frequencies of subjects who were currently using or had

ever used the facial soap ‘Cha no Shizuku’ containing hydrolyzed

wheat protein according to time of onset of wheat allergy.
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allergenicity of acid-HWP (27–30). Additionally, the possi-

bility remains that ingredients other than HWP in ‘Cha no

Shizuku’ soap caused allergic contact dermatitis to disrupt

the skin barrier and facilitated the penetration of higher

molecular weight proteins of Glupearl 19S into an inflam-

matory milieu (31, 32). Indeed, the soap contained more

than 10 kinds of ingredients including phenoxyethanol and

1,3-butylene glycol, which are known contact sensitizers

(33, 34).

The main limitation of this study relates to the definition

of WA, which was self-reported, not doctor-diagnosed. It is

generally recognized that diagnosis by an allergist after prov-

ocation testing is more reliable than the definition of diseases

by self-report. However, especially in the case of WDEIA,

the sensitivity of the provocation test is not always very

good. Using patients diagnosed by provocation test as cases

may not be suitable for epidemiological studies that estimate

the effect of exposure on the general population, because

such patients are different from the general set of patients

with WA. This study was a Web-based survey; such surveys

have the advantage that both cases and controls can be

recruited from the same cohort of the general population,

and patients with rare diseases are identifiable in large-scale

cohorts.

In conclusion, this Web-based case–control study docu-

ments an epidemiological relationship between WA and con-

tact exposure to HWP in Japanese women. These findings

imply a possible role of contact exposure to food-derived

protein hydrolysates in skin and hair care products in the

epidemic of adult-onset food allergy. We urge that more

attention should be paid to the possible role of food-derived

protein in skin and hair care products in the induction of

food allergy.
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Table 4 Use of the facial soap ‘Cha no Shizuku’ containing hydro-

lyzed wheat protein and the presentation of WA

History of use

P-

value

Currently

using

(n = 17)

Ever

used

(n = 12)

Never

used

(n = 128)

Onset age >12 years 17 (100) 11 (92) 102 (80) 0.079

WA diagnosed by doctor 13 (76)* 6 (50) 62 (48) 0.094

Exacerbation of WA

symptoms by exercise

10 (59) 5 (42) 52 (41) 0.361

WDEIA diagnosed by

doctor

8 (47)* 2 (17) 21 (16) 0.011

Frequency of episodes during the last 12 months

0 3 (18) 2 (17) 23 (18) 0.679

1–2 3 (18) 4 (33) 39 (30)

3–5 7 (41) 1 (8) 29 (23)

6–10 2 (12) 2 (17) 12 (9)

11– 2 (12) 3 (25) 25 (20)

How much wheat have you eaten recently?

No wheat 0 (0) 1 (8) 12 (9) 0.170

A small amount of

wheat

9 (53) 2 (17) 34 (27)

A usual amount of

wheat

6 (35) 8 (67) 76 (59)

Avoid eating only

before the

exercise

1 (12)* 1 (8) 6 (5)

Self-reported symptoms of WA

Swelling of the eyelid 9 (53)* 4 (33) 17 (13) <0.001

Itchiness of the eyes 9 (53)* 4 (33) 25 (20) 0.008

Red swelling of the face 2 (12) 2 (17) 15 (12) 0.880

Itchiness of the face 6 (35) 2 (17) 31 (24) 0.484

Sneezing/runny nose/

stuffy nose

5 (29)* 3 (25) 14 (11) 0.062

Swelling of the lips 2 (12) 2 (17) 20 (16) 0.909

Generalized itchiness 9 (53) 4 (33) 39 (30) 0.181

Generalized urticaria 8 (47) 3 (25) 32 (25) 0.157

Generalized redness 4 (24) 2 (17) 15 (12) 0.381

Discomfort or itchiness

of the throat

6 (35) 3 (25) 31 (24) 0.615

Dyspnea 4 (24) 1 (8) 19 (15) 0.507

Cough 3 (18) 1 (8) 14 (11) 0.673

Wheeze/stridor 2 (12) 0 (0) 14 (11) 0.476

Abdominal pain 4 (24)* 1 (8) 8 (6) 0.052

Nausea and vomiting 3 (18) 1 (8) 9 (7) 0.328

Diarrhea 4 (24) 1 (8) 10 (8) 0.116

Blurring of vision 0 (0) 0 (0) 6 (5) 0.493

Weakness 0 (0) 0 (0) 8 (6) 0.385

Loss of consciousness 0 (0) 0 (0) 3 (2) 0.707

Palpitation 2 (12) 1 (8) 12 (9) 0.941

Headache 1 (6) 0 (0) 7 (5) 0.704

Feeling sluggish or

drowsy

1 (6) 0 (0) 14 (11) 0.403

WA, wheat allergy; WDEIA, wheat-dependent exercise-induced

anaphylaxis.

Data are expressed as number (%).

*P < 0.05 when compared with never used group.

Allergy 69 (2014) 1405–1411 © 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd1410

Impact of exposure to hydrolyzed wheat Fukutomi et al.



References

1. Sicherer SH. Epidemiology of food allergy.

J Allergy Clin Immunol 2011;127:594–602.

2. Zuberbier T, Edenharter G, Worm M,

Ehlers I, Reimann S, Hantke T et al. Preva-

lence of adverse reactions to food in Ger-

many – a population study. Allergy

2004;59:338–345.

3. Gupta R, Sheikh A, Strachan DP, Anderson

HR. Time trends in allergic disorders in the

UK. Thorax 2007;62:91–96.

4. Lack G. Epidemiologic risks for food

allergy. J Allergy Clin Immunol

2008;121:1331–1336.

5. Lack G, Fox D, Northstone K, Golding J.

Factors associated with the development of

peanut allergy in childhood. N Engl J Med

2003;348:977–985.

6. Asero R, Antonicelli L. Does sensitization to

foods in adults occur always in the gut? Int

Arch Allergy Immunol 2011;154:6–14.

7. Bohle B. The impact of pollen-related food

allergens on pollen allergy. Allergy

2007;62:3–10.

8. Skypala IJ, Bull S, Deegan K, Gruffydd-

Jones K, Holmes S, Small I et al. The preva-

lence of PFS and prevalence and characteris-

tics of reported food allergy; a survey of UK

adults aged 18–75 incorporating a validated

PFS diagnostic questionnaire. Clin Exp

Allergy 2013;43:928–940.

9. Fukutomi Y, Sjolander S, Nakazawa T, Bor-

res MP, Ishii T, Nakayama S et al. Clinical

relevance of IgE to recombinant Gly m 4 in

the diagnosis of adult soybean allergy. J

Allergy Clin Immunol 2012;129:860–863.

10. Cabanes N, Igea JM, de la Hoz B, Agustin

P, Blanco C, Dominguez J et al. Latex

allergy: position paper. J Investig Allergol

Clin Immunol 2012;22:313–330.

11. Blanco C. Latex-fruit syndrome. Curr

Allergy Asthma Rep 2003;3:47–53.

12. Codreanu F, Morisset M, Cordebar V, Kan-

ny G, Moneret-Vautrin DA. Risk of allergy

to food proteins in topical medicinal agents

and cosmetics. Eur Ann Allergy Clin Immu-

nol 2006;38:126–130.

13. Niinimaki A, Niinimaki M, Makinen-Kiljun-

en S, Hannuksela M. Contact urticaria from

protein hydrolysates in hair conditioners.

Allergy 1998;53:1078–1082.

14. Pecquet C, Lauriere M, Huet S, Leynadier

F. Is the application of cosmetics containing

protein-derived products safe? Contact Der-

matitis 2002;46:123.

15. Lauriere M, Pecquet C, Bouchez-Mahiout I,

Snegaroff J, Bayrou O, Raison-Peyron N

et al. Hydrolysed wheat proteins present in

cosmetics can induce immediate hypersensi-

tivities. Contact Dermatitis 2006;54:283–289.

16. Lauriere M, Pecquet C, Boulenc E, Bou-

chez-Mahiout I, Snegaroff J, Choudat D

et al. Genetic differences in omega-gliadins

involved in two different immediate food hy-

persensitivities to wheat. Allergy

2007;62:890–896.

17. Fukutomi Y, Itagaki Y, Taniguchi M, Saito

A, Yasueda H, Nakazawa T et al. Rhino-

conjunctival sensitization to hydrolyzed

wheat protein in facial soap can induce

wheat-dependent exercise-induced anaphy-

laxis. J Allergy Clin Immunol 2011;127:531–

533.

18. Chinuki Y, Kaneko S, Sakieda K, Mura-

ta S, Yoshida Y, Morita E. A case of

wheat-dependent exercise-induced anaphy-

laxis sensitized with hydrolysed wheat

protein in a soap. Contact Dermatitis

2011;65:55–57.

19. Sugiyama A, Kishikawa R, Nishie H,

Takeuchi S, Shimoda T, Iwanaga T et al.

[Wheat anaphylaxis or wheat-dependent

exercise-induced anaphylaxis caused by use

of a soap product which contains hydrolyzed

wheat proteins. -a report of 12 cases-]. Are-

rugi 2011;60:1532–1542.

20. Hiragun M, Ishii K, Hiragun T, Shindo H,

Mihara S, Matsuo H et al. The sensitivity

and clinical course of patients with wheat-

dependent exercise-induced anaphylaxis sen-

sitized to hydrolyzed wheat protein in facial

soap – secondary publication. Allergol Int

2013;62:351–358.

21. Chinuki Y, Morita E. Wheat-dependent

exercise-induced anaphylaxis sensitized with

hydrolyzed wheat protein in soap. Allergol

Int 2012;61:529–537.

22. Iwamoto S, Hagino N, Tanimoto T, Kusumi

E. Wheat-dependent exercise-induced ana-

phylaxis associated with a facial soap. BMJ

Case Rep 2012. Available from: http://case-

reports.bmj.com/content/2012/bcr.01.2012.

5641.full. Last accessed 26 February 2014.

23. Kobayashi M, Okura R, Yoshioka H, Hiro-

masa K, Yoshioka M, Nakamura M.

[Wheat dependent exercise induced anaphy-

laxis possibly sensitized by the hydrolyzed

wheat proteins in a facial cleansing soap].

J UOEH 2012;34:85–89.

24. Adachi R, Nakamura R, Sakai S, Fukutomi

Y, Teshima R. Sensitization to acid-hydro-

lyzed wheat protein by transdermal adminis-

tration to BALB/c mice, and comparison

with gluten. Allergy 2012;67:1392–1399.

25. Chinuki Y, Takahashi H, Dekio I, Kaneko

S, Tokuda R, Nagao M et al. Higher aller-

genicity of high molecular weight hydrolysed

wheat protein in cosmetics for percutaneous

sensitization. Contact Dermatitis 2013;68:86–

93.

26. Nakamura R, Nakamura R, Adachi R, Itag-

aki Y, Fukutomi Y, Teshima R. Evaluation

of allergenicity of acid-hydrolyzed wheat

protein using an in vitro elicitation test. Int

Arch Allergy Immunol 2013;160:259–264.

27. Denery-Papini S, Bodinier M, Larre C,

Brossard C, Pineau F, Triballeau S et al.

Allergy to deamidated gluten in patients tol-

erant to wheat: specific epitopes linked to

deamidation. Allergy 2012;67:1023–1032.

28. Gourbeyre P, Denery-Papini S, Larre C,

Gaudin JC, Brossard C, Bodinier M. Wheat

gliadins modified by deamidation are more

efficient than native gliadins in inducing a

Th2 response in Balb/c mice experimentally

sensitized to wheat allergens. Mol Nutr Food

Res 2012;56:336–344.

29. Yokooji T, Kurihara S, Murakami T, Chi-

nuki Y, Takahashi H, Morita E et al. Char-

acterization of causative allergens for wheat-

dependent exercise-induced anaphylaxis sen-

sitized with hydrolyzed wheat proteins in

facial soap. Allergol Int 2013;62:435–445.

30. Nakamura R, Nakamura R, Sakai S, Adachi

R, Hachisuka A, Urisu A et al. Tissue trans-

glutaminase generates deamidated epitopes

on gluten, increasing reactivity with hydro-

lyzed wheat protein-sensitized IgE. J Allergy

Clin Immunol 2013;132:1436–1438.

31. Strid J, Hourihane J, Kimber I, Callard R,

Strobel S. Disruption of the stratum corne-

um allows potent epicutaneous immuniza-

tion with protein antigens resulting in a

dominant systemic Th2 response. Eur J

Immunol 2004;34:2100–2109.

32. Spiewak R. Contact dermatitis in atopic

individuals. Curr Opin Allergy Clin Immunol

2012;12:491–497.

33. Uter W, Yazar K, Kratz EM, Mildau G,

Liden C. Coupled exposure to ingredients of

cosmetic products: II. Preservatives. Contact

Dermatitis 2014;70:219–226.

34. Tamagawa-Mineoka R, Katoh N, Kishimot-

o S. Allergic contact dermatitis due to 1,3-

butylene glycol and glycerol. Contact Derma-

titis 2007;56:297–298.

Allergy 69 (2014) 1405–1411 © 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 1411

Fukutomi et al. Impact of exposure to hydrolyzed wheat





Supporting information

<Appendix>

Screening Questionnaire

Q1 Do you experience any allergic symptoms after eating certain foods?

Note 1: If you have previously had a food allergy but do not have it any more, answer “No.”

Note 2: If you do not necessarily experience allergic symptoms each time you eat a certain food but

experience them depending on your condition, answer “Yes.”

Note 3: If you experience allergic symptoms only when you exercise after having eaten a certain

food, also answer “Yes.”

Yes / No

(Condition: Answer question Q2 only if you answered “Yes” to question Q1.)

Q2 Which of the foods listed below are you allergic to?  Mark all choices that apply.

(If you do not necessarily experience allergic symptoms each time you eat a certain food but

experience them depending on your condition, mark this food.)

Eggs, Milk/dairy products, Wheat, Shrimp, Crab, Peanuts, Nuts, Buckwheat, Fruit, Soybeans,

Vegetables, Fish, Shellfish, Squid, Octopus, Beef, Pork, Chicken, Food additives, Other (    )

(Condition: Answer questions Q3, Q4, and Q5 only if you answered “Wheat” to question Q2.)

Q3 How many hours after eating wheat do your allergic symptoms appear?  Mark the answer

that applies best.

Within 2 hours of eating wheat / More than 2 hours after eating wheat

Q4 Have you ever been diagnosed as having “a wheat allergy” by a doctor?

Yes / No

Q5 How many years ago did you first experience allergic symptoms after eating wheat?

Mark the answer that applies best.

Within 1 year / 1–2 years ago / 2–3 years ago / 3–4 years ago / 4–5 years ago / 5–10 years ago /

More than 10 years ago



Supporting information

Characteristics of the studied internet research monitor population

MACROMILL, INC (Tokyo, Japan) is a Japanese research company that maintains a web-based

research panel, one of the largest in Japan. Members of research panels are voluntary registrants who

have agreed to answer various web-based surveys for a small fee (Membership point). The number

of registered members at the time of this study was approximately one million, representing 0.8% of

the Japanese population. The number of women aged 20-54 yrs. was approximately 520,000,

representing 1.9% of Japanese women in this age group.

As shown in Figure S1, the age-distribution of the MACROMILL○,R research panel (Figure S1 B)

was different from that of the entire Japanese population (Figure S1 A). To increase the

representativeness of the study, the age-distribution of the studied subjects was standardized to that

of the entire population as far as possible. However, we could not standardize it completely because

of the limited size of the research panel of subjects aged 20-24 and 50-54 yrs. Consequently, the

proportion of studied subjects aged 20-24 and 50-54 yrs. in the screening survey were smaller than

that of the entire Japanese population, as shown in Figure S1 C.



Supporting information

Figure legend

Figure S1. Distribution of the population of 20-54 year-old women in Japan according to the

national population census (A), the number of women aged 20-54 yrs. who were registered to

MACROMILL research panel in 2011 (B), and number of studied subjects in the screening survey

(C)
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