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Positive rate of wheat 
allergens in the Chinese allergic 
population: a systematic review 
and meta‑analysis
Fengmei Yang 1,4, Xinyi Zhao 1,4, Wenfeng Liu 2, Bo Zhou 1, Lili Deng 1,3, Hongbing Chen 2, 
Zhuo Zhang 1* & Lin Zhou 1*

In recent years, the prevalence of allergic diseases has increased significantly, causing great concern, 
and wheat, as one of the top 8 food allergens, is a common allergy trigger. Nevertheless, reliable 
estimates of the positivity rate of wheat allergens in the allergic population in China are still lacking. 
The systematic review and meta‑analysis aims to evaluate the positive detection rate of wheat 
allergens in the Chinese allergic population and further provide a reference for the prevention of 
allergy. CNKI, CQVIP, WAN‑FANG DATA, Sino Med, PubMed, Web of Science, Cochrane Library, and 
Embase databases were retrieved. Related research and case reports about the positive rate of wheat 
allergen in the Chinese allergic population published from inception to June 30, 2022, were searched, 
and meta‑analysis was performed using Stata software. The pooled positive rate of wheat allergens 
and 95% confidence interval were calculated by random effect models, and the publication bias was 
evaluated using Egger’s test. A total of 13 articles were included for the final meta‑analysis, in which 
wheat allergen detection methods involved only serum sIgE testing and SPT assessment. The results 
showed that the wheat allergen positivity detection rate in Chinese allergic patients was 7.30% (95% 
CI 5.68–8.92%). Subgroup analysis showed that the positivity rate of wheat allergens was influenced 
by region, but hardly by age and assessment method. The positive rates of wheat allergy in the 
population with allergic diseases were 2.74% (95% CI 0.90–4.58%) and 11.47% (95% CI 7.08–15.87%) 
in southern and northern China, respectively. In particular, the positive rates of wheat allergens were 
greater than 10% in Shaanxi, Henan and Nei Mongol, all of which belong to the northern region. These 
results suggest that wheat allergens are an important cause of sensitization in allergic populations 
from northern China, and therefore attention should be paid to early prevention in high‑risk 
populations.

Wheat is one of the three most recognized grains in the world and is widely grown and eaten by people all over 
the world. Moreover, wheat is highly nutritious and palatable and can be processed into a variety of staple foods 
such as bread, noodles, pizza, snack, and beverages such as  beer1,2. However, wheat is increasingly acknowledged 
as a trigger for immune-mediated food allergies, including immuno-globulin E (IgE) and non-IgE-mediated 
food  allergies1,3. Wheat allergy is typically characterized by the involvement of T helper type 2 (Th2) cells, 
which secrete Th2 cytokines such as IL-4, IL-13 and IL-5 in the allergic  response4. Concerning IgE-mediated 
wheat allergy, Th2 inflammation can produce IgE antibodies by B cells specific to a certain ingredient. Non-
IgE-mediated wheat allergy is characterized by chronic eosinophilic inflammation induced by Th2 lymphocytic 
response, mainly including eosinophilic esophagitis (EoE) or eosinophilic gastritis (EG)4.

The major allergens for wheat allergy are mainly composed of gliadin, α-amylase/trypsin inhibitor, per-
oxidase, serine proteinase inhibitor, α-purothionin, and so  on5. IgE-mediated wheat allergy is immediate and 
even can be severe and life-threatening, which presents with a variety of symptoms including wheat-dependent 
exercise-induced anaphylaxis (WDEIA), baker’s asthma, allergic rhinitis, contact urticaria, atopic dermatitis 
(AD), asthma, and leprosy skin  diseases6,7. The most common symptoms of IgE-mediated wheat allergy, which 
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usually appear within minutes to hours after exposure, involve gastrointestinal symptoms (nausea, abdominal 
pain, vomiting, diarrhea), skin (pruritus, eczema, redness), respiratory (rhinitis, asthma), circulatory (flushing, 
angioedema), and cerebral (thought disturbance, headache, dizziness)1,6,8. For non-IgE-mediated wheat allergy, 
the typical manifestations are dyspepsia, diarrhea, vomiting, arthralgia and headache, which may appear hours 
or days after ingestion of the  allergen9. However, the manifestation of clinical symptoms of allergic reactions is 
related to a variety of factors: the patient’s age, region, immune status, amount of allergen, allergenic protein, 
route of sensitization, and environmental  factors10.

In western countries, the prevalence of wheat-based food allergy from the epidemiological survey population 
is likely in the range of 0.2% to 1%, which varies according to age and  region1,2. Children have a higher incidence 
of wheat allergy than adults and are more likely to develop an allergy if wheat is introduced after 6 months of 
life, however, approximately 65% of Children can outgrow allergies by age  124. In Europe, the prevalence of 
wheat allergy is less than < 1%. A systematic epidemiological evaluation by Zuidmeer et al.11 displayed that the 
prevalence of wheat allergy confirmed by oral food challenge (OFC) as a diagnostic criterion varied between 0.2 
and 0.5% in allergic patients under 14 years of  age12. In the UK, the children’s prevalence of wheat allergy was 
0.48% based on positive  OFC11. In US children, a prevalence of wheat allergy above 3% was reported according 
to the skin prick test (SPT) in epidemiological surveys, even though it is more likely to be estimated at 0.2% to 
1% in allergic  patients1,13. In a general population aged 0–6 years from Japan, the proportion of positive serum 
IgE antibodies to wheat SPT/ω-5 gliadin was 0.37%14. In addition, it is noteworthy that many studies have con-
firmed that the prevalence of self-reported wheat allergy is higher than that of wheat allergy determined by the 
OFC. For example, A systematic study conducted by Nwaru et al.15 suggested that a self-reported prevalence of 
wheat allergy was 1.5%.

In the last 20 years, there has been a gradual increase in reported cases of wheat allergy in China. Wheat 
(15.2%) was found to rank third among the most common allergens in 992 children seen in the dermatology 
department of Shengjing Hospital of China Medical University from October 2016 to March  201916. Another 
study that statistically analyzed the combined data of 19,453 inhalation allergens and 20,556 food allergens 
patients attending Tianjin Children’s Hospital from January 2019 to March 2020 showed that wheat (18.92%) 
also ranked third among the most common  allergens17. A retrospective study of 1,952 anaphylactic shocks in 
907 patients showed that food was the most common cause (77%), among which wheat was responsible for 20% 
of food-induced anaphylaxis in adolescents (10–17 years) and 42% of anaphylaxis in adults (18–50 years)18.

However, there is still a lack of integrated analysis of cases and studies related to the positive rate of wheat 
allergens in the Chinese allergic population. In this context, a single-group rate meta-analysis was used to 
integrate the reported cases and studies related to wheat allergens, following analyzing the positive rate of the 
Chinese allergic population, to provide a scientific basis for the prevention of this disease.

Materials and methods
The study was unregistered and conducted by the Preferred Reporting Items for Systematic Review and Meta-
analysis (PRISMA) guidelines and the PRISMA 2020  checklist19.

Study selection and data extraction. Peer-reviewed cases and studies about the positive rate of wheat 
allergens in the Chinese allergic population written in Chinese and English from inception to June 30, 2022, 
were retrieved from the following electronic databases: China National Knowledge Infrastructure (CNKI), 
Chongqing VIP (CQVIP), WAN-FANG DATA, Sino Med, PubMed, Web of Science, Cochrane Library, Embase 
databases. A search strategy combining medical subject headings (MeSH) and natural language text words was 
used (Supplementary Information 1). The following search keywords or phrases were employed to find relevant 
articles: (“allergic diseases” OR “anaphylactic reaction” OR “reaction, anaphylactic”) AND (“wheat allergens” OR 
“allergen, wheat” OR “wheat allergen”) AND (“positive rate” OR “positive detection rate” OR “detectable rate” 
OR “detection rate”) AND (“China” OR “Chinese”). Finally, all studies classified as positive for wheat allergens in 
the Chinese allergic population were screened. The data extraction included, but was not limited to, the follow-
ing information: the first author’s name, year of publication, study design, age range, sample size, study popula-
tion, gender, assessment method, research location, diagnostic criteria, and main results.

Inclusion criteria and exclusion criteria. To meet the analysis requirements and reduce deviation, eli-
gible studies fulfilled the following criteria: (i) all study subjects were Chinese population and with clinically 
confirmed allergic disease or suspected allergy; (ii) literature relates to geographical location in mainland China, 
Hong Kong, Macau and Taiwan; (iii) diagnostic methods were based on a questionnaire, clinical diagnosis, 
double-blind placebo-controlled oral food challenge (DBPOFC)20, serum specific IgE test (sIgE), skin prick test 
(SPT), atopy patch test (APT), intradermal test, oral food challenge (OFC)21–23; (iv)the total number of partici-
pants and the number or the incidence of positive wheat allergen were available for the included study; (v) the 
study design types were cross-sectional, retrospective, cohort studies and comparative studies.

The exclusion criteria were as follows: (i) non-Chinese population; (ii) population without a clear clinical 
diagnosis of allergic disease; (iii) repeated publications; (iv) systematic reviews, conference reports, single case 
reports other non-original data studies, and animal and cellular studies; (v) articles were unable to be retrieved; 
(vi) the total number of participants and the number or the incidence of positive wheat allergen were unavailable.

During the inclusion and exclusion process, Endnote X9 software was employed to screen the literature and 
remove duplicates. Subsequently, titles and abstracts of non-duplicate papers were screened, followed by reading 
the full text to identify included and excluded studies. Literature was screened independently by two researchers 
based on inclusion and exclusion criteria. If there was any inconsistency in the judgment of the literature, this 
was resolved by consensus or consultation with a third reviewer.
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Literature quality evaluation and risk of bias assessment. Cross-sectional Research Quality Rating 
Scale developed by the Agency for Health Care Research and Quality (AHRQ) was used to evaluate the quality of 
the included literature. The responses were “yes”, “no”, and “unclear”: “yes” was a score of 1, and “no” or “unclear” 
was a score of 0. A total score of less than or equal to 5, 6–7 and greater than or equal to 8 were considered as 
low-quality literature, moderate quality literature, and high-quality literature,  respectively24. All of the literature 
was independently evaluated by two reviewers, and any discrepancies were resolved by consensus, with arbitra-
tion by a third reviewer if necessary.

Data analysis. Meta-analysis was performed by Stata/SE 12.0 software, and the pooled positive rate of wheat 
allergen in the Chinese allergic population and the corresponding 95% confidence interval (CI) were estimated. 
The heterogeneity of studies was evaluated using the Q and I2 test. If there was significant heterogeneity among 
the included literature (P < 0.05, I2 ≥ 50%), a random-effects model was adopted to analyze the positivity rate of 
wheat allergens. Otherwise, a fixed-effects model was employed. When the heterogeneity was statistically signifi-
cant (P < 0.05, I2 ≥ 50%), further subgroup analyses and sensitivity analyses were conducted to obtain the causes 
of heterogeneity. In addition, Egger’s test was used to evaluate the publication bias.

Results
Study selection. The PRISMA flowchart shown in Fig. 1 illustrates the process of literature selection and 
screening. Based on the search strategy, a total of 725 studies on the prevalence of wheat allergen positivity in the 
Chinese allergic population were eventually retrieved from eight selected electronic databases. After eliminat-
ing duplicates, the titles and abstracts of 445 articles were further confirmed and 358 records that did not meet 
the inclusion criteria were excluded. Subsequently, the eligibility of 87 articles was evaluated through full-text 

Figure 1.  Flow diagram of screening the literature. A total of 13 papers published between 2008 and 2022 were 
finally included in this study for analysing the positive rate of wheat allergens in the Chinese allergic population.
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reading. According to the inclusion and exclusion criteria, 13 studies of Chinese allergic populations were finally 
selected.

Characteristics of the included studies. As can be seen from Table 1, a total of 13 papers were included 
in this study, published from 2008 to 2022. The meta-analysis involved a total of 55,762 persons with allergic dis-
eases, of which the number of positive wheat allergens was 2112 cases. Among the studies, nine were conducted 
in northern China and five in the southern region of China. Both male and female participants were included in 
the study. Furthermore, the method used for wheat allergen determination involved sIgE and SPT. The included 
literature covered respiratory allergic diseases, allergic rhinitis, food allergy and other allergic diseases.

The quality of the literature included in the final study was evaluated according to the AHRQ scale, as detailed 
in Table 2. 13 papers included in this meta-analysis25–37 scored 6–7 and were rated as “moderate quality”.

Pooled positive rate of wheat allergen. As shown in Fig.  2, due to heterogeneity in the included 
 literature25–38 (I2 = 98.05% > 50%, P = 0.000 < 0.001), a random-effects model was used for meta-analysis. Meta-
analysis of single-group rates showed that pooled positive rate of wheat allergen in the Chinese population with 
allergic disease was 7.30% (95% CI 5.68–8.92%).

Subgroup Analysis by Geographical Region. The literature was analyzed by subgroups of regions 
according to the origin of the study population, which was divided into the south and the north using the 
Qinling and Huaihe River as the boundary. As shown in Fig. 3, the positive rate of wheat allergen in allergic 
population in southern  China26,28,30–35,38 was 2.74% (95% CI 0.90–4.58%), while the positive rate of wheat aller-
gen in northern  China25,27,29,36,37 was 11.47% (95% CI 7.08–15.87%). The results revealed that the rate of wheat 
allergen positivity varied by region, with a significantly higher rate among allergic patients in northern China. 
The geographical distribution of the positive rate of wheat allergen among the Chinese allergic population was 
presented in Fig. 4. In Shaanxi, which is in the northwest region of China, the positive rate of wheat allergens in 
the allergic population was 23.1%26,31, while the positive rate of wheat allergens in Beijing was only 3.1%29,34,38. In 
East China, the positive rate of wheat allergens among people with allergic diseases was 7.9% in  Zhejiang27, but 
only 1.3% in  Fujian36. Although limitations in the number of inclusion and assessment methods caused either 
high or low pooled positive rate of wheat allergens in some areas, these results indicate that the positive rate of 
wheat allergens in Chinese allergic population was higher in northern China than in southern China.

Subgroup analysis by assessment methods. As shown in Fig. 5, two assessment methods, SPT and 
sIgE, were included for the evaluation of the positive rate of wheat allergens in the Chinese allergic population. 
The overall positive rate of wheat allergens using sIgE and SPT was 7.96% (CI 5.68–10.23%)25–31,33,34,36,38and 

Table 1.  Characteristic information of the literature included in the meta-analysis.

First author Year Study design Province
Study 
population

Gender Age of 
subjects Positive/case Total/case

Positive rate 
(%)

Assessment 
methodFemale Male

Chen  ZY27 2017.5–
2019.12

Cross-sec-
tional study Zhejiang Any food 

allergy 115 239 0–18 years old 28 354 7.91 sIgE

Du  WJ28 2018.1–
2020.12

Cross-sec-
tional study Henan

Respira-
tory allergic 
diseases

210 194 18–79 years 
old 73 404 18.07 sIgE

Li  J29 2019.1–2020.1 Cross-sec-
tional study Beijing Any allergic 

diseases 364 440 0–14 years old 34 804 4.23 sIgE

Liu  F31 2020.2–2021.2 Cross-sec-
tional study Shaanxi

Respira-
tory allergic 
diseases

235 279 0.5–14 years 
old 123 514 23.93 sIgE

Qin  P32 2006.9–2009.8 Cross-sec-
tional study Liaoning Any allergic 

diseases 49 72 1–14 years old 11 121 9.09 SPT

Rina33 2017.1–
2019.12

Cross-sec-
tional study Nei Mongol Allergic 

rhinitis 613 827 0–18 years old 184 1440 12.78 sIgE

Song  X34 2010.1–
2020.12

Cross-sec-
tional study Beijing Suspected 

allergic disease 16,828 28,912 0–17 years old 1417 45,746 3.10 sIgE

Sun  ZY35 2006.5–2007.5 Cross-sec-
tional study Liaoning Any allergic 

diseases 669 390 1–84 years old 112 1059 10.58 SPT

Zhao  XY37 2015.1–2018.1 Cross-sec-
tional study Guangdong Allergic 

dermatitis 1496 1064 0–77 years old 20 2560 0.78 SPT

Li  WJ30 2016.1–
2018.12

Cross-sec-
tional study Guangdong Any allergic 

diseases 901 1104  ≥ 18 years old 99 2005 4.94 sIgE

Cao  W26 2013.3–2015.3 Cross-sec-
tional study Shaanxi Systemic con-

tact dermatitis 25 11 33.2 years old 4 36 11.11 sIgE

Bao  CC25 2012.1–2020.8 Cross-sec-
tional study Guangdong Allergic 

asthma 144 88 18–80 years 
old 1 232 0.43 sIgE

Xu  YS36 2010.1–
2012.10

Cross-sec-
tional study Fujian Any allergic 

diseases 150 301 0–14 years old 6 451 1.33 sIgE
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6.69% (CI − 1.14% to 14.51%)32,35,37, respectively. Overall, the results of the subgroup analysis of the assessed 
methods showed no significant difference in the rate of wheat allergen positivity using sIgE and SPT (P = 0.760).

Subgroup analysis by age. It can be seen from Fig. 6, the positive rate of wheat allergens in the Chinese 
allergic population showed an increasing trend with age. The wheat allergen positivity rate was increased from 
8.54% (CI 5.25–11.83%) in aged 0–18  years27,29,31–34,36 to 7.32% (CI 1.92–12.72%) in adults aged 18 years and 

Table 2.  Quality evaluation and risk of bias assessment of included literature. Replace unclear; 1 define the 
source of information(survey, record review); 2 list inclusion and exclusion criteria for exposed and unexposed 
subjects(cases and controls) or refer to previous publications; 3 indicate time period used for identifying 
patients; 4 indicate whether or not subjects were consecutive if not population-based; 5 indicate if evaluators 
of subjective components of study were masked to other aspects of the status of the participants; 6 describe any 
assessments undertaken for quality assurance purposes (e.g., test/retest of primary outcome measurements); 
7 explain any patient exclusion from analysis; 8 describe how confounding was assessed and/or controlled; 9 
if applicable, explain how missing data were handle in the analysis; 10 summarize patient response rates and 
completeness of data collection; 11 clarify what follow-up, if any, was expected and the percentage of patients 
for which incomplete data or follow-up was obtained.

First author 1 2 3 4 5 6 7 8 9 10 11 Score

Chen  ZY27 Yes Yes Yes Yes No Yes Yes No – Yes – 7

Du  WJ28 Yes Yes Yes Yes No Yes No No – Yes – 6

Li  J29 Yes Yes Yes Yes No Yes No No – Yes – 6

Liu  F31 Yes Yes Yes Yes No Yes No No – Yes – 6

Qin  P32 Yes Yes Yes Yes No Yes Yes No – Yes – 6

Rina33 Yes Yes Yes Yes No Yes No No – Yes – 6

Song  X34 Yes Yes Yes Yes No Yes No No – Yes – 6

Sun  ZY35 Yes Yes Yes Yes No Yes Yes No – Yes – 7

Zhao  XY37 Yes Yes Yes Yes No Yes No No – Yes – 6

Li  WJ30 Yes Yes Yes Yes No Yes No No – Yes – 6

Cao  W26 Yes Yes Yes Yes No Yes Yes No – Yes – 7

Bao  CC25 Yes Yes Yes Yes No Yes Yes No – Yes – 7

Xu  YS36 Yes Yes Yes Yes No Yes No No – Yes – 6

Figure 2.  Pooled point positive rate of wheat allergen in the Chinese allergic population. Markers represent 
percentages and 95%CI, and boxes represent the size of the study.
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 older25,28,30,38. The results in Fig. 6 suggested that there was no significant difference in the rate of wheat allergen 
positivity between 0 and 18 years and adults aged 18 years and older (P = 0.895).

Sensitivity analysis and publication bias. To explore the extent of each study’s effect on the combined 
effect size and the robustness of the results, sensitivity analyses were therefore performed by excluding the litera-

Figure 3.  Subgroup Analysis by Geographical Region. Pooled point positive rate of wheat allergen by 
geographical region in the Chinese allergic population. Markers represent percentages and 95% CI, and boxes 
represent the size of the study.

Figure 4.  Geographical distribution of positive rate of wheat allergen in the Chinese allergic population.
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Figure 5.  Pooled point positive rate of wheat allergen by assessment methods in the Chinese allergic 
population. Markers represent percentages and 95% CI, and boxes represent the size of the study.

Figure 6.  Pooled point positive rate of wheat allergen by age in the Chinese allergic population. Markers 
represent percentages and 95% CI, and boxes represent the size of the study.
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ture one by one for articles included in Chinese allergic population. The results showed that the positive rate of 
wheat allergens was affected by the exclusion of some literature. This phenomenon may be related to the quality 
of literature included in the study, different dietary preferences in different regions, and different methods of 
wheat allergen assessment. It can be seen from Fig. 7A, that the pooled positive rate of wheat allergens in the 
Chinese population with allergic diseases was 7.30%. However, it presented that the positive rate of wheat aller-
gens was 8.32% after removing the study of Zhao et al.34 who tested 2 560 cases of Chinese allergic population, 
while the positive rate of wheat allergens was 6.04% after removing the study of Liu et al.31 who performed sIgE 
on 514 children. Therefore, the results of this study are somewhat unstable, and subsequent studies should try to 
include high-quality literature as well as literature with small differences in sample size for a more comprehen-
sive study. The analysis of publication bias was performed using Egger’s test as shown in Fig. 7B and the results 
suggested that there was no publication bias in the Meta-analysis (P = 0.090 > 0.05).

Discussion
As the incidence of allergic diseases shows an increasing trend, there has been a growing concern about allergies. 
Dietary ingredients, pollen and mites can all be allergens that trigger allergic  diseases39. Wheat, one of the top 
eight food allergens, is present in a variety of staple foods, snacks and beverages, and is also a common allergy 
 trigge1–3. For people suffering from allergic diseases, it is essential to pay attention to diet and environment to 
prevent the occurrence of allergies. The study systematically evaluated and analyzed the positive rate of wheat 
allergens in the Chinese allergic population with allergic symptoms such as urticaria, asthma, allergic rhinitis, 
etc. 13 screened articles were finally included and a total of 55,762 patients with allergic disease were investigated, 
among which 2112 samples were positive for wheat allergens. The results showed that the positive rate of wheat 
allergen in the Chinese allergic population was 7.30% (95% CI 5.68–8.92%), which will provide some reference 
for allergy prevention from a food perspective.

Allergy may be related to factors such as dietary habits and geographical location, but also relative humidity, 
UV light exposure and differences in vitamin D exposure, and so  on40,41. Further subgroup analyses of the posi-
tive rate of wheat allergen in the Chinese populations were performed according to the southern and northern 
regions of China, using the Qinling and Huaihe River as the boundary. The results suggested that the positive 
rate of wheat allergen was higher in the northern regions of China than in the south in the allergic population 
(11.47% vs. 2.47%), which is consistent with the findings of Jiang et al.18. It is important to mention that the 
high prevalence in some provinces is due to dietary habits and environmental factors. For example, in a study 
on wheat allergens testing in Shaanxi Province, a high positive rate of wheat allergens in the allergic population 
was 23.93% (Table 1)31. It is well known that wheat is the main food in the northern regions of China, such as 
Liaoning, Shandong, Henan, Shaanxi, etc. Moreover, the north is the main wheat-growing area in China. This 
environmental factor is also responsible for the high incidence of wheat allergy in the north. Telloli et al.42 found 
that the most common component of suspended air-borne particulate matter in wheat growing areas was found 
to be Aspergillus spores, and exposure and inhalation of these spores may increase the risk of allergic diseases. 
In addition, a study in Gansu, northern China by He et al.43 found that the presence of flour mite parasites in 
home-stored wheat increased the risk of developing allergic diseases.

In the Chinese allergic population, the positive rate of wheat allergens was 7.30%, which is consistent with 
a study performed by Chung et al.44 found the prevalence of wheat allergy was 7.1% in Korean patients with 
chronic urticaria. Another Asian study of patients with allergic rhinitis found a wheat allergy rate of 10.5% in 
children (0–4 years), which was higher than our findings, presumably because of the younger age of the popula-
tion in that  study44. What’s more, the positive rate of wheat allergens in the allergic population was indeed much 
higher than in the general population. The rate of wheat allergen positivity in the Chinese allergic population 
was 7.30%, which was higher than the rate in the general population of Western countries (0.2% to 1%)1,2. The 
prevalence of wheat allergy in Japanese adults was found to be 0.21% using a combination of questionnaires, 

Figure 7.  Sensitivity Analysis and Publication Bias. (A) sensitivity analysis of the literature about the Chinese 
allergic population; (B) Egger’s Test.



9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:10579  | https://doi.org/10.1038/s41598-023-37648-2

www.nature.com/scientificreports/

skin prick tests, and serum ω-5 alcoholic protein-specific IgE  assays45, which was lower than the positive rate of 
wheat allergens in the Chinese allergic population. The reasons for these results may be related to dietary habits, 
vitamin D intake, relative humidity, UV exposure, and other  factors40,41. In addition, some studies have shown 
that Asian children had a higher risk of wheat allergy than non-Asian children born in Australia, regardless of 
whether they were born in Asia or  Australia46. Therefore, it may be speculated that the prevalence of wheat allergy 
in China may also be related to genes and parental wheat sensitivity.

According to diagnostic modalities of allergen, subgroup analyses were conducted. Our results showed that 
the positivity rate of wheat allergens determined by the sIgE was 7.96%, while the positivity rate determined 
by the SPT was 6.69%. Moreover, significant heterogeneity between studies was observed, which may indicate 
important differences between studies in terms of study design and methods used to measure the rate of wheat 
allergens positivity. Sample sizes also varied considerably between studies, and in some studies enough infor-
mation for accurate calculations was not provided, thus suggesting a potential selection bias in some literature. 
These methodological limitations would affect the estimates of wheat allergy frequencies reported in the pooled 
analyses. Therefore, it is recommended that caution should be exercised in interpreting these results.

Different methods used to assess wheat allergy incidence vary widely because the definition of food allergy 
varies considerably based on each method, for example, the threshold for defining IgE or SPT sensitization to 
food allergens in the included studies. Moreover, cross-reactivity between different allergens may lead to vary-
ing results in assessing the incidence of wheat allergy. Many individuals are sensitive to wheat but can tolerate 
wheat exposure, especially grass pollen sensitive individuals. Previous studies reported that grass pollen sensitive 
individuals had allergen-specific IgE for cereal sources due to cross-reactivity between wheat flour and grass 
pollen as a result of common IgE epitopes in both wheat flour and grass pollen  proteins47–49.

Methods for the evaluation of IgE-mediated wheat allergy include self-report, SPT, sIgE sensitization, and 
OFC. Although the self-reported method is easy, convenient, sustainable and inexpensive, the individuals’ per-
ceptions of wheat allergy can influence the diagnosis because they may misunderstand the intolerance or toxicity 
of the  allergy50. SPT is rapid, highly sensitive, with high negative predictive values and allows testing with fresh 
foods, but has low specificity and positive predictive values, and requires stopping antihistamines, clear skin, free 
from eczema and a trained professional to perform the  test51. sIgE is quantitative, highly sensitive, standardized, 
with a high negative predictive value and in vitro, but has lower specificity and is more expensive than  SPT51. 
Testing for suspected food allergy is best done with access to an OFC, which is currently the gold standard test 
for diagnosing food allergy. However, OFC is not readily accepted by patients and their families because it is 
time-consuming and carries the risk of acute allergic reactions of unpredictable  severity1,52.

Moreover, basophil activation tests and mast cell activation tests are also used for the clinical diagnosis of 
food allergy. These tests have high specificity and allow in vitro testing without the risk of allergic reactions, but 
they are more expensive than sIgE or SPT and are not available in most clinical settings. In addition, clinical 
diagnosis would be achieved based on the assessment of early warning markers of food allergy, such as  cytokine53, 
Treg cell and T cell number and  function54,55. Further, machine learning-based bioinformatics  approaches56 and 
multi-omics  technologies57are expected to accurately diagnose food allergies in high throughput. In conclusion, 
the diagnosis of wheat allergy requires use of various combinations of these measures to improve the accuracy 
and generalizability of the diagnosis.

In our meta-analysis, there was no significant difference between the age groups. Wheat allergen positivity 
showed an increasing trend from 8.54% (CI 5.25–11.83%) in 0–18 years of age to 7.32% (CI 1.92–12.72%) in 
adults over 18 years of age. Our findings confirm a previous study that the prevalence of food allergy was higher 
in adults than in  children58. The reason for this phenomenon may be due to the relative increase in cumulative 
prevalence with increasing age and duration of exposure.

As one of the eight major food allergens, the risk of sensitization to wheat cannot be ignored and several 
severe allergic reactions, even leading to  shock59 and cardiac  arrest60, have been reported in cases. In addition, a 
recent study showed that 37% of food-induced severe allergic reactions were induced by  wheat18. However, the 
research related to wheat allergy in China is still in its infancy, and there are fewer reports and studies of related 
cases. The results of this study showed a high positive rate of allergic reactions induced by wheat in the Chinese 
allergic population. Hence, early screening for wheat allergy is essential in the Chinese population. It has been 
suggested that the timing of the introduction of foods into infants’ diets is related to their tolerance. Although 
the delayed introduction of strong allergens was strictly recommended for infants in Europe, the United States, 
and Australia, this protocol is thought to have led to an increase in allergy  rates61. It is now recommended that 
allergen-containing foods could be appropriately introduced into infants’ diets at 17 to 26  weeks61.

Currently, the main approaches regarding the reduction of wheat allergy are mainly as follows: gluten-free 
diet, dietary substitution, and development of hypoallergenic wheat products. The gluten-free diet has limitations 
because it is extremely difficult to completely avoid wheat as wheat is common in many foods and its avoid-
ance can have a negative impact on the growth of children. For dietary substitution, other staple foods such as 
rice, non-grain buckwheat, and quinoa instead of wheat may be adequate and effective substitutes for wheat 
allergy  patients62. Moreover, physical, chemical, and biological methods can be used to reduce the allergenicity 
of wheat components. For example, phosphorylation and alkaline protease and papain hydrolysis significantly 
changed the conformational structure of the alcohol-soluble proteins, providing an idea for the development of 
the production of hypoallergenic wheat  products10. It has also been found that sourdough fermentation is also 
an emerging technology for the production of hypoallergenic  products63. In addition to avoidance of allergen 
intake being an effective form of management, allergen immunotherapy is also used clinically usually aimed 
at providing desensitization. At present, the most intensively researched areas of immunotherapy involve the 
oral immunotherapy (OIT), epicutaneous immunotherapy (EPIT), sublingual immunotherapy and modified 
subcutaneous immunotherapy (MSIT)52, whereas other strategies that are not allergen-specific include DNA-
based  vaccine64,  omalizumab65,  dupilumab66, herbal  medicine67, probiotics and potential combination  therapies68. 
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Furthermore, if allergy sufferers have severe symptoms after accidental ingestion of wheat allergens, they need 
emergency medical attention or medication to relieve them, for example, antihistamines to reduce hives and 
swelling. It is recommended people with severe food allergies carry antihistamines and take them as soon as the 
allergy appears, and self-injected epinephrine with them to be applied in case of severe  reactions52.

Although this meta-analysis provides the current status of wheat allergen positivity in the Chinese allergic 
population, it has important implications for the management of allergic patients. However, several potential 
limitations should be carefully considered when interpreting the study results. First, only mainstream Chinese 
and English databases were searched in this study, so it cannot be excluded that some publications in other non-
mainstream databases were not searched. The languages of the retrieved publications were limited to English 
and Chinese, and this selection bias was difficult to avoid due to the language ability of the authors. After the 
exclusion of the literature retrieved from the English and Chinese databases, the 13 included publications were 
all published in Chinese databases, indicating that studies on wheat allergen positivity in Chinese allergic popu-
lations were more often published in Chinese databases. Therefore, in future studies, the inclusion of databases 
in other languages needs to be considered along with the expansion of searches in Chinese databases to allevi-
ate this limitation. Second, the assessment methods of the included studies only involved sIgE and SPT, which 
may be the reason why the rate of positive wheat allergen testing was not affected by the assessment methods. 
However, it is unknown whether the positive detection rate of wheat allergens is influenced by other assessment 
methods, such as oral food challenge and self-reporting. Third, this incomplete survey may limit the generaliz-
ability of the findings across the country, considering that different socio-cultural and economic factors may 
lead to differences in prevalence between northern and southern China. Fourth, the lack of information in the 
included studies prevented a more detailed subgroup analysis, such as the inability to group age more carefully 
and to perform subgroup analysis based on allergic symptoms, which would be detrimental to understanding of 
the factors affecting prevalence. Finally, similar to meta-analyses of other epidemiological  studies58,69, this study 
had significant heterogeneity, although random effects models were performed to obtain conservative prevalence 
estimates. The study population involved in this study was a clinically diagnosed allergic population, and there 
was no uniformity in the diagnosis of allergy, which may have led to the occurrence of higher heterogeneity due 
to the presence of cognitive bias. Also, the small sample size, large age group span, and large regional span in 
the included studies could lead to the occurrence of heterogeneity.

Conclusions
The current study provides comprehensive and up-to-date estimates of the positive rate of wheat allergy in the 
Chinese allergic population from different regions of China. Overall, the positive rate of wheat allergen in the 
Chinese population with allergic symptoms is high. In the allergic population, the risk of sensitization varied 
significantly by region, with a higher risk of wheat sensitization especially in northern China. In addition, there is 
no publication bias in the results. To ensure the accuracy of the result, we will need to include more case studies, 
perform subgroup analysis concerning age, gender, and other factors, and improve this evidence base by using 
standardized methods to assess wheat-induced allergic disease across the population.
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