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Summary 

Background: Global increase in buckwheat consumption has led to a surge in buckwheat 
allergy reports. However, studies scrutinizing the predictive accuracy of buckwheat-specific 
immunoglobulin E (IgE) antibody levels in correlation with symptom manifestation remain 
limited. A critical concern is the discrepancy between the total buckwheat amount featured 
in prior studies and the quantity consumed per occasion. Objective: We aimed to determine 
open Oral Food Challenge (OFC) positivity rates with buckwheat, using a single serving of 
boiled buckwheat noodles, and assess the predictability of positive responses using 
buckwheat-specific IgE levels. Methods: Patients aged 20 years or younger, suspected of 
buckwheat allergy, were subjected to an OFC involving consumption of 100 g (4800 mg of 
protein) of boiled buckwheat noodles for those under six years, and 200 g (9600 mg of 
protein) for those six years or older. The predictive accuracy of the OFC, corresponding with 
buckwheat-specific IgE antibody levels, was evaluated using Receiver Operating 
Characteristic (ROC) analysis.Results: Our study involved 80 patients who undertook a 
buckwheat OFC. Among these, 14 (17.5%) tested positive for a buckwheat allergy, with 3 
(3.8%) developing anaphylaxis. The comparative analysis of buckwheat-specific IgE antibody 
levels did not offer a reliable predictive measure for OFC outcomes. However, a past history 
of symptom manifestation following buckwheat consumption was significantly correlated 
with a positive OFC. Conclusion: Forecasting OFC outcomes based on buckwheat-specific IgE 
antibody levels poses a challenge, even when taking into account the total quantity of 
buckwheat that can be consumed in a single occasion. 
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Impact statement:     

Results from one-serving buckwheat oral challenge test 

M
an

us
cr

ip
t a

cc
ep

te
d 

fo
r p

ub
lic

at
io

n



2 

 

Introduction 

Buckwheat is a widely cultivated and consumed crop that is used as a primary ingredient in 
various traditional dishes worldwide. It has gained popularity in the European market due to 
its nutritional value and suitability for gluten-free products (1)(2).  In Italy, however, 
buckwheat allergies account for approximately 7% of all identified food allergies (3). This 
finding is supported by a separate clinical study that reported buckwheat allergies in 
approximately 3.6% of patients evaluated at 18 allergy clinics across Italy (4). 

Therefore, accurate diagnosis of buckwheat allergy has become increasingly crucial. 
However, the largest study conducted to date, involving 419 individuals with suspected 
buckwheat allergy, demonstrated a low predictive accuracy for symptom onset during a 
buckwheat oral food challenge (OFC) when using buckwheat-specific IgE antibody levels (5). 
Additionally, previous studies used a single serving size of boiled buckwheat noodles that 
was relatively low, ranging from 64 to 80 g (equivalent to 3072 to 3840 mg of buckwheat 
protein). This suggests the need for a study to investigate the rate of symptomatic positivity 
with a higher total serving size (5-8). In this research, we conducted a buckwheat OFC with a 
serving size of 100 grams (equivalent to 4800 mg of protein) for subjects under 6 years of 
age and 200 grams (equivalent to 9600 mg of protein) for those aged 6 and above, aiming to 
investigate the positive predictive accuracy of buckwheat-specific IgE antibody levels. This 
study represents the first cross-sectional case series where the total serving size of 
buckwheat was set higher than in previous studies. 

 

Materials and Methods 

Study Design and Informed Consent 

In this cross-sectional study, we administered open OFC to patients under 20 years of age 
suspected of buckwheat allergy. The amount of boiled buckwheat noodles typically 
consumed in Japan (100 g for children under six years of age, and 200 g for those over six) 
was employed for the OFC. We retrospectively evaluated the accuracy of predicting 
symptom development during OFC based on buckwheat-specific IgE antibody levels, using 
data obtained from electronic medical records. Written informed consent was acquired from 
the parents or legal guardians of all subjects. 

Objectives 

The study, conducted at the Department of Pediatrics, The Jikei University Katsushika 
Medical Center in Tokyo, from January 1, 2012, to April 30, 2023, aimed to assess OFC in 
patients under 20 years of age suspected of buckwheat allergy. The inclusion criteria were 
patients with a history of buckwheat-related symptoms or a positive buckwheat-specific IgE 
antibody level, and no prior consumption of buckwheat. Patients who underwent an oral 
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boiled buckwheat noodles challenge of 100 g for those under six years of age, and 200 g for 
those over six, were considered for the total buckwheat load. Those scheduled for a lower 
total load were excluded. 

Total immunoglobulin E (IgE) levels and serum-specific IgE antibody titres 

We utilized the ImmunoCAP assay system (Thermo Fisher Scientific, Uppsala, Sweden) to 
measure total immunoglobulin E (IgE) levels and serum-specific IgE antibody titers. For this 
study, we used buckwheat-specific IgE antibody measurements taken within one year, both 
preceding and following the OFC. Specific IgE antibody titers below 0.1 UA/mL were 
recorded as 0.09 UA/mL, and those above 100 UA/mL as 101 UA/mL. Notably, in January 
2013, the lower limit of accuracy for the commercial ImmunoCAP assay system in Japan was 
revised from 0.35 UA/mL to 0.1 UA/mL. Consequently, for consistency, buckwheat-specific 
IgE antibody levels less than 0.35 UA/mL measured before January 2013 were adjusted to 
0.09 UA/mL in our study. 

OFC 

The boiled buckwheat noodles OFC was conducted by administering buckwheat in specific 
fractions. For a total load of 100 g of boiled buckwheat noodles (buckwheat protein 
equivalent 4800 mg), subjects consumed buckwheat in three divided servings of 10 g, 30 g, 
and 60 g at 30-minute intervals. For a total load of 200 g of boiled buckwheat noodles 
(buckwheat protein equivalent 9600 mg), subjects ingested buckwheat in three divided 
servings of 25 g, 75 g, and 100 g. All patients underwent the oral challenge as inpatients and 
were monitored until the day following the test. Symptoms observed during the oral 
challenge were evaluated using a grading system based on the Sampson classification (9).  All 
OFCs were performed in an inpatient setting and monitored through the next day. 

Symptoms observed during the OFC were categorized into distinct groups: cutaneous 
symptoms (urticaria, erythema, pruritus), respiratory symptoms (cough, wheezing, 
hoarseness, dyspnea), gastrointestinal symptoms (vomiting, diarrhea, prolonged abdominal 
pain), cardiovascular symptoms (hypotension), and neurological symptoms (confusion). 

If a positive result was determined by the OFC physician, patients under seven years of age 
were treated with antihistamines like fexofenadine or epinastine, while patients over seven 
were administered loratadine. The variation in types of antihistamines administered based 
on age was due to changes in, or limited availability of, the drugs employed at our 
institution. In addition, based on the specific pharmacotherapy available at the hospital, 
inhaled beta-adrenergic agonists (such as salbutamol), corticosteroids (prednisolone), and 
intramuscular epinephrine into the lateral thigh muscle were administered as needed. The 
final determination of whether the OFC results were positive, negative, pending, or 
indicative of anaphylaxis was made by the physician. "Pending" referred to cases where 
there were no clear objective clinical symptoms, making it difficult to render a positive 
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determination. The details of the OFC were retrospectively confirmed from the medical 
records. 

Endpoints 

The primary endpoints of the study were as follows: the proportion of patients who tested 
positive for OFC with a total boiled buckwheat noodles load of 100 g (<6 years) and 200 g (≥6 
years), sensitivity and specificity based on buckwheat-specific antibody levels, and the area 
under the curve (AUC) for the receiver operating characteristic (ROC) analysis. 

Statistical Analysis 

Continuous variables were summarized using medians and interquartile ranges (IQRs), 
whereas nominal variables were represented as numbers and percentages. For the 
comparison of nominal variables, we applied Fisher's exact test, and for continuous 
variables, the Mann-Whitney U test was employed. We used the ordinary logarithm to 
transform Total IgE values and specific IgE antibody titers logarithmically. We considered a p-
value less than 0.05 as indicative of statistical significance. To assess the predictive 
performance of buckwheat-specific IgE antibody titers, we generated ROC curves and 
calculated AUC. We determined specificity and sensitivity based on the point on the ROC 
curve nearest to the upper-left corner. We conducted statistical analyses using IBM SPSS 
Statistics for Windows, Version 17.0 (IBM Corp., Armonk, New York, United States). 
Additionally, we employed the graphical interface for R, EZR version 1.60 (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan), which is affiliated with The R Foundation, 
to facilitate data analysis. 

 

Result 

Patient characteristics 

Throughout the study period, 114 patients were set for a boiled buckwheat noodle OFC. 
Among these, 113 patients proceeded with the OFC, adhering to the total load designated in 
this study: 100g for patients below the age of 6 and 200g for those above 6 years old. Out of 
these patients, 80 had buckwheat-specific Immunoglobulin E (IgE) antibody titers measured 
within one year preceding or following the OFC (Figure I). 

Therefore, 80 patients (56 males, constituting 70.0%) fulfilled the inclusion criteria for this 
study. The median age at the time of the OFC was 73 months (ranging between 23 to 203 
months). At the time of the OFC, 11 (13.8%) had previous exposure to buckwheat 
consumption, 8 (10.0%) reported a history of symptoms triggered by buckwheat 
consumption, and 4 (5.0%) had experienced anaphylaxis following buckwheat exposure 
(Table I). M
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OFC Result 

Of the participants, 14 subjects (17.5%) tested positive during the OFC, while 62 (77.5%) 
tested negative. A total of 4 (5.0%) showed minor symptoms, such as localized oral cavity 
itching, and were subsequently classified as inconclusive OFC results. 6 subjects (7.5%) 
showed symptoms before the maximum OFC dose: 100g for children under 6 and 200g for 
those 6 and older. Of these, 2 were positive at 25g and 4 at 75g. 

Anaphylaxis was noted in three patients (3.8%), with one patient (1.3%) requiring an 
intramuscular adrenaline injection. In two cases, symptoms began to alleviate while the 
administration of adrenaline was under consideration, leading to the physician's decision 
against its use. There were no recorded cases of severity Grade 4 or higher. 

Comparative Analysis of OFC Outcomes in Positive and Negative Groups 

OFC results were compared between 14 cases in the symptom-positive group and 62 cases 
in the negative group, excluding 4 cases with minor and difficult-to-identify symptoms (Table 
II). In this study, the group with a history of symptom induction from previous buckwheat 
consumption had a significantly higher positive rate in the buckwheat OFC compared to 
those without such a history (28.6% vs 6.5%; p=0.016). 

A Receiver Operating Characteristic (ROC) analysis of the buckwheat-specific IgE antibody 
titer, used for predicting OFC positivity, yielded an Area Under the Curve (AUC) of 0.543, 
which was deemed non-significant. A similar study was carried out utilizing the ratio of 
buckwheat-specific IgE antibody titer to total IgE titer. However, the AUC was 0.486, which 
also demonstrated a lack of significance (Figure II). 

Association Between Past Symptom Induction During Buckwheat Consumption and Outcomes 
of OFC 

The OFC positivity rate for buckwheat was evaluated in eight individuals with a history of 
symptom onset following buckwheat consumption. Of these, 4 out of 8 patients who had 
previously experienced symptoms following buckwheat ingestion (50.0%), and 10 out of 72 
subjects (13.9%) without such a history, tested positive for the buckwheat OFC. This 
difference was statistically significant (p=0.028). Even when four subjects with inconclusive 
buckwheat OFC outcomes were excluded from the analysis, the significant difference 
persisted (p=0.034). 

Comparison of Groups with Symptoms at Below-Planned vs. Planned Total Loads 

Of 6 subjects positive for OFC at ≤75g and 8 subjects at ≥100g, the buckwheat-specific IgE 
antibody titers were 3.645 ± 5.085 UA/mL and 5.656 ± 9.557 UA/mL, respectively, with no 
significant difference (p=0.622). M
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Discussion 

To our knowledge, this is the first investigation utilizing a typical single-serving amount of 
boiled buckwheat noodles for an OFC and evaluating the predictive accuracy of OFC 
outcomes based on buckwheat-specific IgE antibody titers. Buckwheat, a globally cultivated 
and consumed food, is a staple ingredient in various traditional cuisines worldwide. Its 
popularity extends beyond Asia, and it has seen growing acceptance in the European market 
due to its nutritional value and suitability for gluten-free products. (1)(2)(10). 

Hence, it is anticipated that both the frequency of buckwheat consumption and the quantity 
ingested per meal will increase. Previous studies on buckwheat OFCs have generally found 
that the total amount of boiled buckwheat noodles ranges from 64 to 80 g (equivalent to 
3072 to 3840 mg of buckwheat protein; about 30g to 40g of buckwheat flour) (5-8). 
However, numerous cooking recipe websites from various regions commonly showcase 
buckwheat-based dishes, in which the total buckwheat content often surpasses the amounts 
used in previous research studies (11-14).  In other words, a gap has developed between the 
total buckwheat load from previous studies and the total amount of buckwheat actually 
consumed at one time.  

One obstacle to the widespread use of buckwheat OFC is the problem of total load. Clinical 
trials involving chicken eggs, milk, and wheat suggest that as the cumulative intake during an 
OFC increases, so does the risk of symptom manifestation (15). In other words, even if a 
moderate dose (64-80 g of boiled buckwheat noodles) of OFC is negative, a single intake of 
an even higher dose (100-200 g of boiled buckwheat noodles)may cause concern for both 
patient and physician. As a result, there is a need for an OFC that corresponds with the 
quantity of buckwheat typically consumed in a single serving. 

This study was conducted using a single serving of boiled buckwheat noodles. We 
administered an OFC with a total buckwheat intake of 100g  (equivalent to 4800 mg of 
protein; about 50g of buckwheat flour) for children under six years of age, and 200g  
(equivalent to 9600 mg of protein; about 100g of buckwheat flour) for those older, resulting 
in a symptom induction rate of 17.5%. This outcome appears reasonable when compared to 
the largest cross-sectional study performed on 419 individuals, which reported a positive 
rate of 10.5% (5). 

This study aligns with the results of previous studies in several ways. For example, it remains 
difficult to predict OFC positivity from buckwheat-specific IgE antibody titers, and a history of 
past symptom induction predicts OFC outcome. Previous studies have shown that patients 
whose symptoms were induced by ingestion of the target allergen in the past have a higher 
rate of symptom induction during OFC (16).  

Our study diverges from previous findings in several respects. The incidence of anaphylaxis 
in our investigation was lower than in the previous study by Yanagida et al. For instance, in 
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Yanagida et al.'s study, 54.5% of patients who tested positive in the OFC developed 
anaphylaxis, whereas in our study, anaphylaxis occurred in only 21.4% of patients. The 
decision to administer OFC was made by an outpatient physician, which may have excluded 
patients with a history of anaphylaxis. Despite this, the incidence of anaphylaxis from 
buckwheat OFC, where buckwheat-specific IgE antibody titers is still estimated to be higher 
than in previous studies with various foods. For instance, a review of 6377 open OFC cases 
conducted at 5 U.S. facilities estimated anaphylaxis to be 2% of the 14% positive rate for OFC 
(17). This study underscores the difficulty of predicting OFC symptom development based on 
buckwheat-specific IgE antibody titers in real-world scenarios. Moving forward, strategies to 
improve the accuracy of positive predictions for buckwheat OFC are needed. Kajita et al., for 
example, reported an improvement in the accuracy of OFC outcome prediction by 
considering the ratio of buckwheat-specific IgE antibody titer to the total IgE titer (8).  
However, our study did not replicate the effects reported by Kajita et al. They found that 
27.0% of patients tested positive for OFC with approximately 80 g of boiled buckwheat 
noodles, which may be influenced by a higher rate of OFC positivity than in previous studies 
and our study. 

This study has few limitations.  

First, the group in which the OFC was conducted was a cross-sectional study with a 
retrospective design, where the total load was predetermined by the outpatient physician. 
However, the study also encompassed cases with a history of anaphylaxis, and it was 
inferred that these groups were still at higher risk of inducing allergic symptoms. Thus, while 
bias may exist, its effect is minor and remains important as a result of OFC conducted in the 
real world. 

Second, handling specific IgE antibody titers posed a challenge: as the accuracy of the lower 
limit for testing food-specific IgE antibody titers improved, the previous test group of less 
than 0.35 UA/mL was considered as 0.09 UA/mL. However, coincidentally, cases with 
buckwheat-specific IgE antibody titers less than 0.35 UA/mL were not included in this study, 
meaning the results were not influenced by this factor. 

Lastly, the number of cases was limited. However, this study is still considered valuable as it 
is the first to examine the total load set for the intake of one serving of buckwheat over a 
period of more than 10 years. 

Given these circumstances, additional research on buckwheat components is necessary, as 
predicting buckwheat OFC results from buckwheat-specific IgE antibody titers remains 
challenging (18). For instance, the IgE antibody titers for Fag e3, Fag e 2, and Fag e 5 have 
been reported to significantly improve the accuracy of positive prediction of buckwheat 
allergy (7)(19). M
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In our study, these buckwheat component tests were not measured because it was not 
practical to use them routinely, but we believe they will become even more crucial in the 
future. Further research is desirable to establish a method for buckwheat OFC and a test 
with high predictive accuracy for symptom induction prior to OFC. 
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Figure 1. Flowchart of this study. 

OFC: oral food challenge* These subjects underwent buckwheat OFC and IgE antibody 
evaluations, but buckwheat-specific IgE wasn't assessed within a year of the OFC, largely 
because parents were wary of prior positive IgE findings and past buckwheat symptoms. 
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Figure 2. Receiver operating characteristic (ROC) curves for diagnostic accuracy of 
buckwheat allergy based on buckwheat-specific immunoglobulin E (IgE) antibody levels and 
the ratio of buckwheat-specific IgE/total IgE values. 
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Table I - Patient characteristics (n = 80). 
Characteristics Total 
Sex  

Male 56 (70.0) 
Female 24 (30.0) 

Age (months) 73 [44.5–106.25] 
History of symptom induction by 
buckwheat 8 (10.0) 

History of anaphylaxis due to buckwheat 4 (5.0) 
Current bronchial asthma 26 (32.5) 
Buckwheat-specific IgE (UA/mL) 1.62 [0.66–3.98] 
Total IgE (IU/mL) 829 [263–1565] 

Data are presented as n (%) or median (interquartile range). 
IgE: immunoglobulin E. 
 

 

Table II - Comparison of patient characteristics and laboratory findings in positive versus 
negative buckwheat OFC (100 and 200 g of boiled buckwheat noodles in children <6 and ≥6 
years, respectively) results. 

Result of OFC Positive (n = 14) Negative (n = 
62) P-value 

Sex    

Male 11 (78.6) 44 (71.0) 0.568 Female 3 (21.4) 18 (29.0) 

Age (months) 84.5 [51.75–
137.50] 

70.5 [43.0–
102.25] 0.269 

History of symptom induction by 
buckwheat 4 (28.6) 4 (6.5) 0.016 

History of anaphylaxis due to 
buckwheat 2 (14.3) 2 (3.2) 0.096 

Current bronchial asthma 3 (21.4) 22 (35.5) 0.315 

Buckwheat-specific IgE (UA/mL) 1.81 [0.72–4.6275] 1.47 [0.620–
3.927] 0.862 

Total IgE (IU/mL) 650.5 [336.5–
2379.5] 

862 [249–
1541.75] 0.615 

Data are presented as n (%) or median (interquartile [25th–75th percentiles] range). 
OFC: oral food challenge; IgE: immunoglobulin E. 
P < 0.05 was considered statistically significant. 
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