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Abstract 
 

Background: 

Food allergy is an important health problem in western-style countries, and its 

prevalence has increased in the last three decades. Studies of the prevalence of food 

allergy in the general population in Portugal are scarce. Thus, the objectives of the 

present thesis were: a) to design and validate a food allergy study questionnaire for 

Portuguese adults, b) to determine the prevalence, and clinical characteristics of food 

allergy in a population of adolescents and adults in Beira Interior, and c) to determine 

the prevalence, and clinical characteristics of food allergy in the elderly population 

worldwide by conducting a systematic review of the bibliography and a subsequent meta-

analysis of the data. 

Methods:  

A 17-item questionnaire was developed and applied by phone to a group of food allergy 

patients and a group of healthy individuals, with subsequent reassessment (re-test). Face 

and content validity, intelligibility, construct validity, and test-retest reliability (temporal 

stability) were analysed. This tool, once validated, was applied in two population-based 

individuals samples (3,168 adolescents; mean age: 14.3±1.1; 51.7% female; 1.436 adults; 

mean age of 47 years, median age: 45 years, 50.6% female), registered at participating 

Healthcare cross-sectional studies performed in various healthcare centres and 

secondary schools from central Portugal. All randomly selected individuals (1702 

adolescents; mean age: 14.9±2.1 years; median age: 14 years; 61.9% female; 840 adults; 

(mean age: 48 years, median age: 46 years, 51.3% female) replied to the food allergy 

questionnaire by phone (adults) or in a written form (adolescents). Those who reported 

an adverse food reaction were invited to come to the hospital, where clinical history was 

taken, skin prick (SPT) and prick-prick skin (SPPT) tests were performed and food 

allergen-specific IgE levels (sIgE) were determined. An open oral challenge was 

performed in selected cases. Cases of positive clinical history of immediate (up to 2 hours 

after ingestion) reaction in association with positive food sIgE levels and/or skin prick 

tests were classified as IgE-associated probable food allergy. Cases of positive clinical 

history of delayed (more than 2 hours after ingestion) and negative food sIgE levels 

independently of positive SPT or SPPT results were classified as non-IgE associated 

probable food allergy. 

A systematic review and meta-analysis on the prevalence and risk factors for food allergy 

in elderly individuals were conducted. A searched of international electronic databases 

including MEDLINE, EMBASE, Cochrane Library, CINAHL, AMED and ISI Web of 

Science, as well as clinical trials databases for published, unpublished and on-going 
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studies from 1980 to 2019. There were no restrictions on the language or geography of 

publication. The Critical Appraisal Skills Programme (CASP) quality assessment tool was 

used to appraise the methodological quality of the included studies. A descriptive 

summary with data tables was elaborated, and when clinically relevant and statistically 

adequate, a meta-analysis using random-effects modelling was carried out, given the 

expected clinical, methodological and statistical heterogeneity of the selected studies. 

The PRISMA checklist guided the reporting of the systematic review. 

Results:  

Face and content validity of the questionnaire allowed item reduction from 30 to 17 items 

with adequate content validity index > 0.78. Construct validity was confirmed in a group 

of 66 confirmed food allergic patients. Test-Retest Reliability (general temporal stability) 

of the test had a Spearman correlation coefficient value of 0.845 for the retest. Cohen's 

Kappa values for the relevant questions were greater than 0.890 for almost all items. No 

differences were found when sex, age and volunteers’ recruitment origin were analysed. 

An inverse relationship was found between reliability and retest time interval. 

The prevalence of probable food allergy in our sample was 1.41% in adolescents and 1% 

in adults, with fresh fruits and shellfish in adolescents and shellfish and fish in adults as 

the most frequently implicated foods. IgE-mediated probable food allergy occurred in 

1.23% of adolescent and in 0.71% of adult cases, and fresh fruits and shellfish in 

adolescents and shellfish and peanut in adults were the foodstuffs mainly involved. 

Cutaneous symptoms were most frequently reported and prevalence values and food 

types were discrepant between self-reported and probable food allergies in both 

populations. 

The prevalence of food allergy in the elderly was 6.46% for self-report, slightly lower than 

that of SR + food-specific IgE levels (6.95%) and SR + SPT (1.30%). In addition, it was 

lower than that in non-elderly adults, but higher than in children assessed by self-report 

outcomes. Finally, it was lower when compared with the other age groups when self-

report symptoms were combined with in vitro or in vivo outcome assessment. No results 

were obtained regarding time and geographical trends, predominant foods, risk and 

prognostic factors, and clinical manifestations of food allergy in the elderly. There was 

great heterogeneity both in the systematic review and the meta-analysis, which was 

lowest for shellfish (I2=0.000%) and highest for fruits (I2=98.205%). 
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Conclusions:  

Due to the quick and easy implementation, confirmation of face, content and construct 

validity as well as high temporal reproducibility, the screening questionnaire was a useful 

study tool for an initial approach to detection of food allergies in adults. 

The prevalence of probable food allergies in Portuguese adolescents and adults was low, 

mostly related to fresh fruits, shellfish, nuts and peanut in the former, and to shellfish, 

fish, peanut and nuts in the latter. Most cases frequently involved cutaneous symptoms.  

The systematic review allowed us to draw up-to-date estimates of the prevalence of 

adverse food reactions in elderly individuals, worldwide. However, most of the studies 

were not focused on the population over 60 years of age, which resulted in an evident 

lack of information and biases that might affect exposure and outcomes. This fact 

conditioned the knowledge of the clinical characteristics, implicated foods, evolution and 

diagnosis of food allergy in these individuals, as well as the development of possible 

preventative measures focused specifically on the elderly population. 
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Resumo alargado 
 

Introdução: 

As reacções adversas alimentares, entre as quais está incluída a alergia alimentar, são 

um importante problema de saúde pública no Mundo Ocidental, tendo-se registado um 

aumento da sua prevalência durante os últimos trinta anos. Embora estas reacções não 

tenham a magnitude de outras doenças alérgicas, é certo que têm uma importante 

repercussão na qualidade de vida dos doentes, condicionando-lhes certas restrições 

alimentares, assim como situações de stress emocional e dificuldade para a sua 

integração social. Apesar de existirem vários estudos de base populacional em diferentes 

regiões do mundo, existem muitos poucos estudos sobre a prevalência populacional de 

alergia alimentar em Portugal: apenas um estudo em crianças entre os 3 e os 11 anos e 

outro um inquérito telefónico em uma pequena amostra de adultos. Outras lacunas são 

de salientar. Em primeiro lugar, é importante realçar que não existe um questionário 

específico em idioma português para o rastreio deste tipo de patologias. Em segundo 

lugar, o notável aumento da população idosa, com mais de 60 anos de idade (de acordo 

com a definição da OMS) a nível mundial, não tem sido acompanhado por estudos 

focados na alergia alimentar, sendo estes muitos escassos. Quando existem, os dados 

sobre idosos estão frequentemente englobados dentro dos estudos realizados em adultos, 

sem diferenciação, o que dificulta o adequado conhecimento do impacto desta patologia 

nos idosos. 

 

Assim, os objectivos da presente tese são: a) Desenhar e validar um questionário 

específico para o rastreio de alergia alimentar em adultos, b) determinar a prevalência e 

as características clínicas da alergia alimentar em uma população de adolescentes e 

adultos residentes na Beira Interior e c) determinar a prevalência e características 

clínicas da alergia alimentar na população de idosos a escala mundial, através da 

realização de uma revisão bibliográfica sistemática e uma posterior meta-análise dos 

dados.  

 

Métodos:  

Para a validação do questionário, foi realizado um estudo multicêntrico transversal em 

uma amostra randomizada simples de 126 adultos entre 18 e 82 anos (66 deles com 

diagnóstico prévio confirmado de alergia alimentar por prova de provocação oral e 60 

voluntários saudáveis), residentes na região da Beira Interior – Centro de Portugal. A 

esta amostra foi aplicado telefonicamente um questionário, em idioma português, de 17 
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questões para o rastreio de alergia alimentar em duas fases (teste e reteste). Foram 

analisadas a validade aparente (ou facial) e de conteúdo, a inteligibilidade, a validade 

conceptual e a fiabilidade teste-reteste (estabilidade temporal) desta ferramenta.   O 

questionário foi aplicado após a sua validação a duas amostras populacionais de 

indivíduos residentes na Beira Interior (3168 adolescentes: média de idade de 14,3±1,1 

anos; 51,7% deles raparigas e 1436 adultos: média de idade de 47 anos, mediana de 45 

anos, 50,6% mulheres), registados nas escolas secundárias e nos Centros de Saúde 

participantes.  

O questionário foi respondido por 1702 adolescentes (média de idade de 14,9±2,1 anos; 

mediana de 14 anos; 61,9% raparigas) e 840 adultos (média de idade de 48 anos; 

mediana de 46 anos, 51,3% mulheres), por via telefónica (adultos), ou por escrito 

(adolescentes). Os indivíduos que reportaram a existência de uma reacção adversa 

alimentar foram referenciados para uma unidade hospitalar, onde foi realizada uma 

história clínica específica, testes cutâneos (por picada - SPT e por dupla picada, com 

alimentos in natura - SPPT) e determinação de IgE específica para alergénios 

alimentares (sIgE). Nos casos onde existia dúvida diagnóstica foi realizada uma prova de 

provocação oral aberta com alimento. Os casos com história clínica positiva de uma 

reacção imediata (até 2 horas após a ingestão do alimento) em associação com resultados 

positivos de IgE específica para alergénios alimentares e/ou testes cutâneos, foram 

considerados como alergia alimentar provável, mediada por IgE. Os casos em que existiu 

uma história clínica positiva de uma reacção retardada (mais de 2 horas após a ingestão 

do alimento) e resultados negativos de IgE específica para alergénios alimentares, 

independentemente do resultado dos testes cutâneos, foram considerados como alergia 

alimentar provável não mediada por IgE. 

 

Para abordar o objectivo de análise da prevalência e factores de risco para alergias 

alimentares em idosos, foi realizada uma revisão sistemática e uma meta-análise acerca 

da prevalência e características clínicas da alergia alimentar em indivíduos com mais de 

60 anos de idade, a nível mundial, em várias bases de dados electrónicas (MEDLINE, 

EMBASE, Cochrane Library, CINAHL, AMED e ISI Web of Science), assim como 

diversas bases de dados de ensaios clínicos publicados, não publicados e em fase de 

desenvolvimento desde 1980 até 2019. A pesquisa bibliográfica não teve restrição 

idiomática nem geográfica. Foi utilizado o programa Critical Appraisal Skills Programme 

(CASP) como ferramenta para a avaliação da qualidade metodológica dos estudos 

incluídos. Os dados obtidos foram mostrados de maneira sumária em forma de tabelas. 

Foi realizada uma meta-análise utilizando um modelo de efeitos aleatórios com os dados 
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clinica e metodologicamente adequados desde o ponto de vista estatístico. A lista de 

verificação PRISMA dirigiu o processo da revisão sistemática. 

 

Resultados:  

A análise da validade aparente e de conteúdo do questionário, conduziram à redução de 

30 para 17 itens com um índice de consistência interna superior a 0,78. A validade 

conceptual foi assegurada num grupo de 66 pacientes com alergia alimentar confirmada. 

A fiabilidade teste-reteste (estabilidade temporal geral) do teste apresentou um 

coeficiente de correlação de Spearman do 0,845 para o reteste. Os valores associados ao 

teste Kappa de Cohen para as questões relevantes foram superiores a 0,890 para quase 

todos os itens. Não foram encontradas diferenças em função do sexo, idade nem 

procedência dos voluntários. Contudo, detetou-se uma relação inversa entre a fiabilidade 

e o intervalo temporal do reteste. 

 

A prevalência de alergia alimentar autorreportada na nossa amostra populacional foi de 

11% em adolescentes e de 6% em adultos, sendo os frutos frescos, mariscos e leite os 

alimentos mais frequentemente implicados nas reacções apresentadas pelos 

adolescentes, e os mariscos, frutas frescos e peixe nos adultos. Após a finalização do 

estudo alergológico, a prevalência de alergia alimentar provável na nossa amostra 

populacional baixou para 1,41% nos adolescentes e para 1,0% nos adultos. Os alimentos 

mais frequentemente implicados foram os frutos frescos, marisco e frutos secos nos 

adolescentes, e os mariscos, peixe e amendoim/frutos secos nos adultos. Foi identificado 

um mecanismo mediado pela IgE em 1,23% dos adolescentes e em 0,71% dos adultos, 

sendo os frutos frescos e mariscos nos adolescentes, e marisco e amendoim nos adultos, 

os alimentos mais frequentemente envolvidos nestes casos. A sintomatologia mais 

frequentemente apresentada foi a cutânea. Foi encontrada uma discrepância em ambas 

as populações, em termos dos valores da prevalência e tipo de alimentos implicados 

encontrados durante fase do autorreporte e os obtidos após a finalização do estudo 

alergológico completo, sendo os valores de prevalência sempre superiores quando 

baseados no autorreporte. 

 

A prevalência de alergia alimentar autorreportada na população idosa foi de 6,46%, 

discretamente menor do que quando associada à determinação dos níveis de IgE 

específica para alergénios alimentares (6,95%), mas superior à observada quando 

baseada em testes cutâneos (1,30%). Os valores encontrados nos estudos efectuados por 

autorreporte foram inferiores aos dos adultos não-idosos, mas superiores aos das 

crianças. Finalmente, a população idosa apresentou, nos estudos que combinaram o 
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autorreporte com outros métodos de diagnóstico in vitro ou in vivo, valores da 

prevalência de alergia alimentar menores do que nos observados nos outros grupos 

etários. 

Não foram identificadas associações entre os tipos de alimentos implicados, 

sintomatologia relacionada, temporalidade de aparecimento dos sintomas, distribuição 

geográfica, factores de risco ou de prognóstico na população idosa com alergia alimentar.  

Foi observada uma grande heterogeneidade entre os estudos considerados, quer na 

revisão sistemática, quer na meta-análise. Esta heterogeneidade foi menor nos artigos 

que estudaram a alergia ao marisco (I2=0,000%) e maior naqueles que estudaram a 

alergia aos frutos frescos (I2=98,205%). 

 

Conclusões:  

Como resultado da sua simples e rápida aplicabilidade, confirmação da sua validade 

aparente, conceptual e de conteúdo, assim como da sua elevada estabilidade temporal, o 

questionário desenhado demonstrou ser uma eficaz ferramenta numa primeira 

abordagem para o rastreio e identificação da alergia alimentar em adultos e que pode ser 

aplicado, com as devidas adaptações relacionadas com a dieta e costumes locais, em 

outros países de língua oficial portuguesa.   

A prevalência da alergia alimentar provável na nossa amostra de adolescentes e adultos 

portugueses foi baixa, principalmente relacionada com a ingestão de frutos frescos, 

mariscos, frutos secos e amendoim nos primeiros e com mariscos, peixe e frutos secos 

nos segundos.  

Estes resultados confirmam que os alimentos implicados são similares aos referidos em 

outros estudos realizados com similar metodologia em outros países da área 

Mediterrânica, com similar cultura e alimentação. O nosso estudo confirmou a relação 

inversa entre os valores de prevalência de alergia alimentar e o grau de exigência do 

diagnóstico alergológico. Por outro lado, foi dos escassos trabalhos a nível mundial que 

descreveram as características clínicas da alergia alimentar numa determinada 

população geral, sendo o primeiro destas características em Portugal.      

A realização da revisão sistemática permitiu realizar uma estimativa actualizada da 

prevalência das reacções adversas alimentares na população idosa a nível mundial. 

A maior parte dos estudos existentes sobre esta temática não estão focados na população 

maior de 60 anos de idade, resultando numa evidente falta de informação que enviesa os 

nossos resultados. 

Esta situação condiciona o correto conhecimento das características clínicas, alimentos 

implicados, evolução e diagnóstico da alergia alimentar nesta faixa etária.  
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Em termos futuros, para uma determinação mais exacta da prevalência real da alergia 

alimentar na população portuguesa nas suas várias faixas etárias (adolescentes, adultos 

e idosos), será fundamental implementar efectuar um estudo multicéntrico mais 

alargado, que envolva unidades de saúde de todo o País. Mais ainda, será fundamental 

conseguir-se efectuar o estudo de forma completa, recorrendo, sempre que adequado, a 

provocações orais duplamente cegas, Esta abordagem, com detecção de números mais 

alargados de doentes com alergias alimentares, poderá também permitir avaliar a 

eventual existencia de fenótipos clínicos diferentes de alergias alimentares nos três 

grupos etários. Mais ainda, implicará a realização do primeiro estudo mundial sobre 

alergias alimentares em idosos. Por outro lado, a estabilidade de eventuais fenótipos de 

alergias alimentares poderá será avaliada num estudo longitudinal.  Assim, através 

destas e outras abordagens, poderemos comprender melhor o impacto atual da alergia 

alimentar e propor uma estratégia diagnóstica, terapêutica e preventiva, se possível, 

nesta área.     
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1. Introduction  
 

 

1.1 Overview 

Adverse food reactions, including food allergy, are a problem of great relevance in 

countries with a Westernised way of life, where our culture is used to having three meals 

a day, with an estimated 2-3 tons of food being eaten by an individual during his/her 

lifetime (1). With this daily contact with such quantities of food, it is not surprising that 

there is such a high number of situations that are associated with “food allergy”. In fact, in 

recent years there has been a large number of scientific articles where the main theme is 

“food allergy”, and which can be found in books and scientific journals (2,3) as well as in 

other media, such as magazines, news on television, radio and the internet (1). 

Although the prevalence of immune-based adverse food reactions (food allergies) does not 

have the magnitude of other allergic diseases (estimated at “more than 1-2%, but less than 

10% of the population” (4), it is certain that it has an enormous impact on the eating habits 

and social integration of patients with this problem (5,6) and can even be a significant 

cause of mortality (2,7). A study carried out in the US showed that about 20% of the adult 

population had to change their diet due to the appearance of an adverse food reaction or 

suspected food allergy (8). This situation leads in many cases to very restrictive diets, since 

the patient fears the appearance of adverse reactions (8), with the subsequent “emotional 

cost”, inherent to the decrease in quality of life (9,10). 

In addition to this reality, adverse food reactions (AFR) also represent an important source 

of expenditure not only for the individual but also for society, as absenteeism in the 

workplace in the case of adults or at school, in the case of adolescents, is greater in this 

type of patient (10,11). Lower school performance in patients in this age group may be a 

consequence of the latter situation (12). In financial terms, a study from 2011 estimated a 

cost of around US$510 million per year in the US (10) due to this health problem. 

The differential diagnosis between a non-allergic adverse food reaction and a food allergy 

is certainly complex. On the one hand, there is a wide range of symptoms related to adverse 

food reactions (13), which can include very mild and frequent reactions such as urticaria 

or Oral Allergy Syndrome (OAS), reactions involving respiratory symptoms and/or 

abdominal ones, or even potentially deadly reactions such as anaphylaxis. In contrast, the 

multitude of foods involved, and the difficulty in carrying out a diagnostic study, which is 

complex, time-consuming and expensive, must be considered. These aspects taken 

together constitute a challenge for the physician since it is not always easy to reach a 
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definitive diagnosis. This difficulty limits the knowledge of the real values of food allergy 

at the population level, as well as its clinical characteristics. Furthermore, different dietary 

preferences and access to food for each population also conditions the type of food 

involved in the appearance of adverse food reactions. 

Therefore, this challenging field of clinical research, which is always evolving and is so 

difficult to diagnose, justifies our attention per se and which we will develop in the 

following chapters. 

 

 

1.2 Diagnosis of food allergy 

There is a wide spectrum of food intake-associated manifestations (13), ranging from the 

more frequent and generally mild cutaneous symptoms (acute urticaria, angioedema), to 

the most severe and fortunately less frequent ones such as anaphylaxis, but also including 

other symptoms namely ocular, respiratory (nasal, asthma) or abdominal.. However, only 

those symptoms observed by the physician or adequately collected in the clinical history, 

in an objective manner, can be considered “adverse food reactions (AFR)” (13). 

Among these, we should only regard as “food allergies” the ones with an impact on health, 

resulting from a response by the immune system against foodstuffs it is exposed to and 

which it mistakenly identifies as aggressors. These reactions are mainly, but not 

exclusively, mediated by immunoglobulin E (IgE), and must be reproducible when the 

body is exposed to the same food (13). In this way, those reactions in which there is no 

involvement of an immune mechanism (or where it is not possible to identify one), or in 

which there another type of organic response (metabolic, toxic, pharmacological or ill-

defined) is implicated, are called “food intolerances” (13) and these can simulate reactions 

typical of an immune mechanism (Figure 1). 
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Figure 1: Types of adverse reactions to food (Boyce 2010)(13) 
 

In this context, an immune mechanism has not been demonstrated in reactions caused by 

some food additives and preservatives, such as tartrazine and sulfites (13). Among these 

types of reactions, we must also consider symptoms associated with food aversions, which 

are not reproducible when the involved food is administered through a masking technique 

(single or double-blind) (13). 

In addition, other immune-based diseases such as coeliac disease (mediated by a non-IgE-

dependent cellular mechanism), or some immunodeficiencies that cause food intolerances 

should not be considered true food allergies (13–16). 

Independently of the identification of these immune-based reactions for the study of food 

allergy, the only method that can be considered as a definitive diagnosis is double-blind 

placebo-controlled food challenge (DBPCFC). This approach was introduced as a protocol 

by May, in 1977 (17), and has been adopted by the European Academy of Allergy and 

Clinical Immunology (EAACI) since 2004 (18) as the “gold standard” for the definitive 

diagnosis of food allergy. 

However, this method is a lengthy, expensive procedure and needs independent auxiliary 

staff to prepare the food in order to mask it, as well as experienced medical and nursing 

staff with specific training in the field namely in addressing and treating potentially 

serious reactions (anaphylaxis), a context which is not always available in all clinical 

centres. Therefore, and taking into account the diagnostic recommendations by the 

National Institute of Allergy and Infectious Diseases (NIAID) (13) and the European 

Academy of Allergy and Clinical Immunology (EAACI) (19), we can differentiate different 

levels of diagnosis, depending on the sensitivity and specificity of the different tests (Table 

1). 
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Table 1: Food allergy diagnostic levels classification according to sensitivity and specificity 

 

Diagnostic Test Sensitivity Specificity 

Medical History  Very high Extremely low 

Cutaneous tests 

(SPT, SPPT) 

 

High 

 

Low 

In vitro Tests 

(Total IgE, Allergen specific serum 

IgE)  

 

High 

 

Low 

Cutaneous Tests + Laboratory 

tests in combination 

 

Medium 

 

Medium 

Oral food 

challenges 

Open Oral 

Challenge 

 

Low 

 

High 

DBPCFC Extremely low Very high 

 

 

1.2.1 Diagnosis by Medical history 

 The clinical history to be taken in patients who report an adverse food reaction must be 

very detailed, incorporating several items of essential information: type of symptoms and 

treatment given, food involved, amount ingested and type of preparation, time of onset of 

symptoms, reappearance of symptoms and later tolerance or not, as well as association 

with other triggers (13). 

  

However, information extracted from the clinical history depends largely on the 

interviewee's ability to communicate the information, as well as the interviewer's 

experience and knowledge.  Even though, in other fields of Allergology, such as asthma or 

chronic urticaria (20,21), the existence of protocols facilitates the collection of the clinical 

history,  a “normalised clinical history” of general use is not yet available, although some 

advances have been made in this area such as Skypala & Venter's proposal to create an 

information collection protocol for both adults and children (22). We should consider this 

lack of a “normalised clinical history” as a potential information bias that makes the initial 

stage of diagnosis notably difficult. 

 

 

1.2.2 Diagnosis by Cutaneous tests 

Skin tests are the first approach to the initial diagnosis of food allergy (19), aiming at 

identifying reactions mediated by an IgE-dependent mechanism, through the detection of 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

 5 

erythematous weals in skin that was tested with food allergen extracts patients are 

sensitised to. The most widely used tests are the Skin Prick Test (SPT) and the Skin Prick-

by-Prick Test (SPPT), the former being performed with commercial extracts and the latter 

with fresh or cooked food. Other techniques, such as intradermal and epicutaneous tests, 

are rarely used, given their lack of standardisation and low evidence of diagnostic 

effectiveness (13,19). 

 

However, despite the indisputable usefulness of these types of tests (13,19,23) other factors 

condition the information provided by these diagnostic methods, regardless of the 

measurement technique used (24). These factors include a lack of standardisation of 

allergenic extracts by different manufacturers, as well as different proposals for “cut-off” 

values for positivity, in relation to the diameter of weals used in their measurement, either 

in general terms or only for certain foods. In general, a larger diameter of weals is 

associated with greater specificity, although in contrast, it significantly decreases 

sensitivity (16,25). On the other hand, although Skin Prick Tests (SPT) can be used in 

patients of any age, reactivity may be lower in children and the elderly (26). 

 

1.2.3 Diagnosis by In vitro tests 

Like skin tests, in vitro tests are a first approach in diagnosing IgE-mediated adverse 

reactions. In recent years, in addition to the determination of specific IgE levels against 

native food allergens, there has been an increase in the determination of specific IgE levels 

against molecular components of each food allergen (Component Resolved Diagnosis – 

CRD), which is a highly specific, but not very sensitive approach (27). Nevertheless, the 

latter approach has allowed a better understanding of food sensitisation mechanisms. 

Thus, CRD is relevant both in the identification of primary sensitisation to food, as well as 

for the study of co-sensitisations and/or cross-sensitisations (28,29), especially in 

situations where the clinical history is not clear or there is a suspicion of co-sensitisation 

to inhalant allergens. However, the high cost, together with low sensitivity of CRD means 

that diagnosis based on this technique is not commonly used in population prevalence 

studies (27,28). 

 

Apart from these aspects, the previous, IgE-based diagnostic methods are also useful as 

biomarkers of the temporal evolution of an individual's degree of sensitivity to the 

“offending” food, thereby allowing a better understanding of the disease prognosis. On the 

other hand, although still under investigation, in vitro tests may help to determine the 

severity and risk of subjecting a patient to oral challenge tests, which will minimise the 

existence of potentially serious reactions resulting from these procedures (29). 
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However, and similarly to what happens with the use of skin tests, there is no consensus 

on the cut-off values used as a reference for diagnosis, reaction severity (30) and prognosis 

of IgE-mediated food allergy, with notable variations in sensitivity and specificity for each 

food (30,31). 

  

Other diagnostic techniques, such as the Basophil Activation Test (BAT), have been 

applied to the diagnosis of allergies to various foods, such as peanuts, milk and eggs in 

children (32–34), as well as to the diagnosis of pollen-food syndromes. BAT has shown 

greater specificity and positive predictive values than skin tests and the determination of 

specific IgE, both for native food and molecular components, although its sensitivity is 

relatively low. However, recent studies report specificities between 75% and 100% and 

sensitivities between 77% and 98%, depending on the foods and populations investigated 

(35), and even provide greater specificity than SPT and specific IgE for the diagnosis of 

food allergy for some nuts (36). On the other hand, BAT it is an expensive technique, which 

requires specific technical characteristics that not all research centres have (19). However, 

in the not-too-distant future, it may be a technique that avoids the risks of oral provocation 

with food, either for the definitive diagnosis of food allergy (35), or to learn about its 

temporal evolution in these patients (37–39). 

 

Although the specificity of skin tests and in vitro tests regarding the diagnosis of food 

allergy is superior to the information collected from a clinical history, and its use is 

indisputable (13), these tests must be considered with caution. They should always be used 

as a complement to the clinical information obtained from clinical history, as these tests 

only provide information on the possible food sensitisation of the patient, without 

discriminating between a true “IgE-mediated adverse reaction” and an asymptomatic 

sensitisation (40,41). On the other hand, these tests do not adequately differentiate cases 

where there is a cross-reaction between different foods due to the presence of homologous 

proteins between food groups and pollens (30,41). Finally, in adverse reactions where IgE 

is not involved, these diagnostic tests do not provide relevant information regarding the 

underlying mechanism. 

 

1.2.4 Diagnosis using oral challenges 
Oral challenges are the diagnostic tests that have the highest diagnostic specificity in food 

allergy, regardless of the underlying immune mechanism (13,18,42,43). They allow the 

reproduction of the exposure, in a controlled environment, to the suspected food, in 

situations in which the conclusion is unclear, and the diagnostic in vivo or in vitro tests 
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are inconclusive. Furthermore, oral challenges are useful in research studies on food 

allergy. 

 

The standard Gold procedure for a “food allergy certainty” diagnosis is a food challenge 

using the double-blind placebo-controlled method (DBPCFC), which minimises the 

existence of bias in the interpretation of results either by the patient or by the clinician. 

However, this procedure is expensive, time-consuming, and not without risk, as there is 

no clear correlation between the result of in vivo and/or in vitro tests and the probability 

of the patient developing a serious reaction (44,45), as also happens with any other oral 

provocation methods. For this reason, DBPCFC should only be performed in a hospital 

environment by experienced clinical staff (41) and should be avoided in those cases with a 

clear history of anaphylaxis. 

 

On the other hand, in cases where a possible negative result is suspected, either due to an 

unconvincing clinical history or when the complementary diagnostic tests point to an 

eventual tolerance of the food, other types of oral challenges (open or simple blind, much 

faster and accessible, although of less specificity) should be performed to confirm, before 

the patient, the lack of need of an avoidance diet (13). 

 

It should be noted that these oral challenge diagnostic tests should be preceded by an 

avoidance diet of variable duration (2-8 weeks) (13) and, in the case of DBPCFC, when 

there is a negative result, this test should be followed by a final open challenge test (13). 

 

 

1.3. Operational definitions of food allergy for 

epidemiological studies 

There is a plethora of studies on the prevalence of food allergy, estimating values that 

range between “more than 1-2%, but less than 10% of the population” (4) up to values that 

vary between 3.5 -35% in adults and 7-40% in children, when based upon self-report 

(9,46–48). In addition, prevalence values have been shown to range between 2-4% in 

adults (46,47) and 1-3% in children, when epidemiological studies include other diagnostic 

tests together with self-report (48–52). 

This wide disparity in prevalence values is a consequence of the application of different 

research methodologies, resulting from the diagnostic methods used (46,47). Thus, we will 

find several types of work related to the prevalence of food allergy that use different 

operational definitions of food allergy (46,47,53): 
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• “Self-reported food allergy”, where only a more or less comprehensive 

questionnaire for adverse food reactions is applied (47); these publications are 

the most numerous, as many include this method as a preliminary stage for 

carrying out a more in-depth investigation; in this context, patients with reported 

symptoms upon food ingestion are regarded as having “Self reported / possible 

food allergy”. 

• “Probable food allergy”, where in addition to a positive clinical history 

(questionnaire-based), positive in vitro (sIgE – specific Immunoglobulin E) 

and/or in vivo (skin tests: SPT) results are also combined in the definition. 

• “Confirmed food allergy”, where, in addition to a positive, questionnaire-based 

clinical history, and positive in vivo and/or in vitro tests, patients also have 

positive oral challenges; these cases are regarded as “certain or real, confirmed 

food allergy” particularly in those few studies in which challenge tests were 

carried out according to the DBPCFC method. 

 

Thus, if we want to graphically represent the relationship between different types of 

population studies and the “real” food allergy rate in the form of a pyramid based on 

sensitivity and magnitude of the diagnostic specificity of “food allergy” (Figure 2), we will 

find those studies based on self-report, which are very sensitive but of little specificity, at 

the base of the pyramid. On the other hand, we will find at the top of the pyramid, and for 

specificity, values obtained after the performance of oral challenge tests (mainly those 

performed by the DBPCFC method), with intermediate values being those that match the 

clinical history directed at food allergy in combination with in vivo and/or in vitro tests. 

This representation can help us to interpret the reliability of the work carried out in this 

area of research. 

 

Figure 2: Relation between sensitivity (X-axis) and specificity (Y- axis) in populational food allergy studies. 
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1.4 Prevalence of food allergy 

There are data in the literature indicating that the prevalence of food allergy has increased 

in the last three decades (41), being more frequent in pediatric ages than in adulthood. 

However, these findings related to food allergy must be carefully interpreted (16), because, 

as analysed in the previous sections, the diagnosis of food allergy is remarkably complex, 

with different levels of sensitivity and specificity depending on the technique used. 

 

If we focus our attention on the most recent systematic review and meta-analysis of the 

epidemiology of food allergies in the general European population (47) and only take into 

account the self-reported information, we find that the response rate depends notably on 

the structure and applicability of the questionnaire, as previously mentioned by Rona (46). 

This is greater in questionnaires applied in two phases (an initial screening phase, followed 

later by another, more specific, phase for respondents with a positive answer), than in 

those with a single response period, since memory bias is more evident in the latter. 

Apparently, there is no influence from whether the questionnaire is simple (up to 10 

questions) or complex (more than 10 items). However, nor does the response seem to 

depend on the type: face-to-face (face-to-face between interviewer and respondent) or 

non-face-to-face (telephone, internet or postal application) (Table 2)  

 

Another factor that should be taken into account is that questionnaires are not always 

validated, and when they are, they are sometimes only applicable to a specific population, 

where culture and eating habits may not be similar to those of other populations (49,54–

57). This great “flexibility” to carry out the type and structure of the questionnaire is 

conditioned by the lack of standardization of a questionnaire type, a situation previously 

mentioned. Furthermore, we must also acknowledge the existence of a possible response 

bias derived from the greater predisposition to respond to the questionnaire by individuals 

with adverse food reactions or who know people who have them, conditions that often give 

overestimated prevalence values. 
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Table 2:  Self-report prevalence and questionnaires characteristics in Europe (2000-2016) 

 

Type of 

questionnaire 

 

 

Author 

 

 

 

Country 

 

 

Year  

 

 

Population 

 

 

Sample 

 

 

Reply 

rate 

 

Application 

 

 

Food 

allergy 

Prevalence  

Biphasic-

Complex 

Orhan       

Turkey 

 

2009 

 

Children 

 

2739 

 

81% 

 

Face-to-Face 

 

5.7% 

Biphasic-

Complex 

Marklund 

 

 

 Sweden 

 

2004 

 

Adolescents 

 

1488 

 

78% 

 

Face-to-Face 

 

19.0% 

Complex 

 

Cafarelli 

 

 

 Italy 

 

2011 

 

Children 

 

900 

 

77% 

 

Face-to-Face 

 

10.5% 

Complex 

 

Falcão* 

 

 

Portugal 

 

2004 

 

Adults 

 

1564 

 

77% 

 

Face-to-Face 

 

4.8% 

Complex 

 

Osterballe 

 

Denmark 

 

2009 

 

Adolescents 

 

843 

 

72% 

 

Face-to-Face 

 

26.5% 

Complex 

 

Pereira 

 

UK 

 

2005 

 

Children 

 

3144 

 

71% 

 

Face-to-Face 

 

11-12% 

Complex 

 

Zuberbier 

 

Germany 

 

2004 

Adults & 

Children 

 

13300 

 

69% 

 

By Post 

 

35% 

 

Simple 

 

Gelincik 

 

Turkey 

 

2008 

 

Adults 

 

11816 

 

67% 

 

By Phone 

 

9.5% 

Simple 

 

Rancé 

 

France 

 

2005 Children 

 

3500 

 

55% 

 

Face-to-Face 

 

7.0% 

Simple 

 

Venter 

 

UK 

 

2006 

 
Children 

 

1440 

 

48% 

 

Face-to-Face 

 

11.8% 

Simple 

 

Silva** 

 

Portugal 

 

2016 

 
Children 

 

2762 

 

42% 

 

Face-to-Face 

 

3.7% 

 

Simple 

Pénard-

Morand 

     

France 

 

2005 

 
Children 

 

7781 

 

30% 

 

Face-to-Face 

 

2.1% 

Adapted from Nwaru (47), *Falcão (58), **Silva (59), Vierk (60).  

 

Similar problems are found in determining the values of the general prevalence of food 

allergy when other means of diagnosis are used, as mentioned by the meta-analyses by 

Rona and Nwaru (46,47), which are worldwide and European-wide, respectively. These 

authors found values between 2-5% and 2.7% -10.1% when SPT or specific IgE are used 

(subject to the use of different measurement cut-offs). These prevalence values decrease 

notably when the previous techniques are associated with clinical history (up to 2.7%) (47) 

or oral challenge tests (open or DBPCFC) (2.6%-2.7%) (46,47), considering the latter the 

latest reference standard for diagnosing real food allergy. 

 

The same is true with the type of foods involved, as they often vary in type and frequency 

of appearance within the same population studied, notably depending on the diagnostic 

procedure applied. However, the only meta-analysis that provides information in this 

regard did not include studies on fruits, vegetables, seeds, nuts, cereals or meat (46). 
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Besides, some studies do not include certain symptoms within the spectrum of food 

allergy, as in the case of Oral Allergy Syndrome (OAS) (57,61,62). 

 

Nonetheless, when we consider the prevalence values according to different age groups, it 

is agreed that it is higher in pediatric than in adult age (46,47), although we must take into 

account that there is a greater amount of work published in the former age group, which 

could be a bias factor. 

 

On the other hand, when we focus our attention on the elderly population, we must notice 

its evident relative increase worldwide. In fact, recent estimates calculate that the 

percentage of the elderly population could increase from 13% of the world population over 

60 years of age (about 962 million people, being 137 million over 80 years old), to an 

estimated value of 2.1 billion people, so that 425 million will be over 80 years old (63). 

However, there are still few studies on the prevalence of food allergy in elderly individuals. 

Even so, when studies cover this age group, the data is usually inserted in the general adult 

population (4,46,47,64), and it is not possible to determine whether the values are 

different from those of the pediatric age or adults in general. However, the data compiled 

by Nwaru (47) points towards a higher prevalence of food allergy in elderly Europeans, 

although this conclusion is only a conjecture. 

 

1.5 Prevalence of food allergy in Portugal 

Studies of the prevalence of food allergy in the general population in Portugal are scarce. 

During the last few years, some research in the paediatric area have appeared, one 

involving a population on an outpatient consultation at a hospital in Lisbon (65) and the 

other, much more recent, consisting of an epidemiological study carried out in a general 

paediatric population of 4045 children between the ages of 3 and 11 from Beira Interior 

(66), where a questionnaire in two phases was applied, with subsequent application of in 

vivo and in vitro tests and in some cases, also food challenges. However, there are no 

current published data regarding the prevalence of food allergies in Portuguese 

adolescents. In the case of adults, we only have a study in a small population sample (659 

participants) in the city of Porto in 2004 (58). This study only consisted of a telephone 

survey, without a later phase with clinical reevaluation in the hospital or application of 

other diagnosis tests, but only the results of the self-report are known. 
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1.6 Objectives of the study 

For the reasons listed above, we believe it is important and relevant to perform a study on 

the prevalence of food allergy in adolescents and adults in a general Portuguese population 

(located in Beira Interior), applying various diagnostic tools with various levels of 

sensitivity and specificity, including self-report, application of a clinical history specifically 

focused on identification of food allergy, and performance of in vivo and in vitro tests, 

and, where applicable, open food challenges. 

 

Finally, we also intend to determine the prevalence values, and analyse the implicated 

foods and clinical characteristics at the population level in the elderly population. For this 

aspect, and given the small sample size in our population to be studied and the estimated 

values of food allergy in this age group (47), we decided to carry out a systematic review 

and the subsequent meta-analysis of the related worldwide bibliography in several 

databases, without any restriction on language of publication or the origin of the work. 

 

Therefore, the following work objectives were proposed: 

• To design and validate a food allergy study questionnaire for Portuguese adults. 

• To determine the prevalence, and clinical characteristics of food allergy in a 

population of adolescents in Beira Interior. 

• To determine the prevalence, and clinical characteristics of food allergy in an adult 

population in Beira Interior. 

• To synthesize the evidence on prevalence and clinical characteristics of food allergy 

in the elderly population worldwide by conducting a systematic review of the 

bibliography and a subsequent meta-analysis of the data. 

 

These work objectives, as well as their methodology, results and discussion, will be 

developed throughout this dissertation work. 
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2. Material and Methods 
 

2.1. Validation of a questionnaire 

2.1.1. Setting 

This study, including a cross-sectional component (analysis of internal consistency) and a 

temporal component (analysis of reproducibility), was carried out at three Healthcare 

centres in the central region of Portugal and at the Allergy outpatient clinics of the Central 

Hospitals of Castelo Branco Local Health Unit and Cova da Beira University Hospital 

Centre, serving a population of 180,000 inhabitants who are >15 years old (67). It was 

carried out between 2012 and 2015. All patients and healthy volunteers gave their written 

informed consent. 

 

2.1.2. Volunteers and study design 

Overall, we studied 174 volunteers, as shown in Figure 3. Initially, we recruited four groups 

of adult volunteers into two clusters with characteristics similar to those of subjects in 

whom a future study on food allergy was to be carried out.  

 

The first cluster (“Intelligibility study groups-ISG”) was formed by two groups of 

individuals: a series of 24 healthy volunteers from the general population (recruited at 

participating healthcare centres and hospitals), and another series of 22 patients with food 

allergy confirmed by clinical history, specific IgE levels, cutaneous tests and double-blind 

placebo-controlled food challenges (DBPCFC)(patients with IgE-mediated food allergy), 

and 2 patients with positive clinical history and DBPCFC but negative specific IgE levels 

and cutaneous tests (patients with non-IgE-mediated food allergy), belonging to Allergy 

outpatient clinics of the central hospital of the Castelo Branco Local Health Unit and Cova 

da Beira University Hospital Centre. 

 The second cluster (case and control patients) included 66 adult patients with food 

allergies that were confirmed according to the same protocol used for the ISG patient 

group.  Patients were recruited from the Allergy Outpatient Clinic of the Castelo Branco 

Local Health Unit and Cova da Beira University Hospital Centre (“Case Group”). Healthy 

volunteers (n=60) from the general population were also randomly selected from the files 

of General Practitioners belonging to the participating Healthcare Centers and who were 

invited to take part in the study (“Control Group”).  
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Figure 3: Volunteers and study design flowchart 

 

2.1.3. Development of the clinical screening questionnaire  

The initial step consisted of a bibliographical search for published validated 

questionnaires for screening food allergies in adults and was performed on PubMed using 

terms such as “questionnaire”, “survey”, “food allergy”, “food hypersensitivity”, “history”, 

“tool”, “diagnosis”. Published reports, namely EuroPrevall studies, did not include full 

questionnaires or did not mention any validation data. In addition, possible cultural 

adaptations might be needed.  

Although there is international consensus that the allergy-focused history is a key part of 

the diagnostic approach, there is no agreement regarding the type of questions to be asked, 

or the typified clinical history, as highlighted by Skypala et al (22).  

For these reasons, we decided to develop a clinical history screening questionnaire for our 

study. Its design was based upon specific principles, as defined by a panel of experts in line 

with principles previously used in other publications using questionnaires in other fields 

of (68–70), as well as taking into account Portuguese (71) and European guidelines (19). 

It was also based upon a questionnaire previously applied to children with food allergies 

(72), with an adequate sample size calculated in accordance with appropriate 

recommendations (73,74).  
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The questionnaire aimed at screening the presence of adverse food reactions and their risk 

factors. It also included the main clinical manifestations of adverse reactions to foods 

which are crucial to its diagnosis, as well as demographic data such as age, gender and 

Healthcare Centre of referral.  

The questions were designed in an objective way in seven domains, in a procedure similar 

to that used in a questionnaire developed and validated by our group, for detecting 

children with food allergies (75). The first questions focused on the identification of the 

volunteer (assigning an identification code for data anonymisation, gender and age) and 

request to answer the questionnaire (questions 1-4). 

 

 In addition, item 17 asked volunteers about their willingness to carry out a food allergy 

study in a specialised center. Domain #1 focused on confirmation of the presence of a 

previous adverse reaction to food (item 5). We must stress that the questionnaire only 

proceeded on from this point in case of a positive answer to this question. Domain #2 

aimed at identifying the food which triggered the adverse reaction (question 6). Domain 

#3 focused on characterisation of the reaction to suspect food(s), and included questions 

7 and 8. These questions were answered separately for each identified trigger food, and 

included evaluation of reported symptoms and their severity, as well as definition of the 

reaction as immediate or delayed. Domain #4 included questions 9 and 10, and asked the 

need for treatment and procedures followed in response to the reaction. Domain #5 

involved questions about previous reactions and how long ago had the previous reaction 

taken place (items 11 and 12). Domain #6 studied the accessibility to diagnosis of food 

allergy, focusing as well on medical specialty care versus general practitioner care 

(questions 13 and 14). Domain #7 included questions 15 and 16, on personal and family 

history of allergy, as risk factors. 

 

2.1.4. Analysis of theoretical construct: face and content validity 

This initial version was analysed by a panel of three medical experts with experience in 

food allergy, who checked the questionnaire in terms of face validity, bearing in mind food 

allergy concepts and guidelines (Table 3). Analysis of content validity was performed by 

submitting the questionnaire for review to a team of nine medical specialists in allergy 

with well acknowledged clinical and research experience in food allergy, who rated the 

relevance of each question in terms of current guidelines and knowledge (1-not relevant; 

2-somewhat relevant; 3-quite relevant; 4-highly relevant)(76). The Item Content Validity 

Index (I-CVI) (77,78) was calculated for each question, as the number of experts that gave 

a rating of 3 or 4, divided by the total number of experts, and I-CVI was regarded as 

significant if its value was 0.78 or above (79) (Table 3). In addition, experts also suggested 
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modifications deemed as relevant, proposed the inclusion of new aspects and reviewed 

semantics as well, in a procedure similar to that previously performed by Lyra et al (72). 

The questionnaire was then converted into a Google Docs format in order to facilitate 

collection of data via a phone call (Appendix -App I.1).  

2.1.5. Logical (Intelligibility) analysis of the questionnaire 

In order to assess its intelligibility, adequacy, logic, and comprehension of the questions 

and duration, as well as the eventual need to modify some of the terms for the sake of 

clarity and adequate data collection, a pilot study was performed, with the questionnaire 

being applied to the two volunteer groups, matched in terms of socioeconomic status and 

degree of literacy (“Intelligibility study groups-ISG”). In 50% of cases, the questionnaire 

was applied by phone and in the other 50% it was applied in a written form (App I.1.2). 

Time taken to complete the questionnaire was measured in both groups. In addition, these 

volunteers were asked for an opinion about the degree of difficulty and pertinence of the 

questionnaire items. With the feedback obtained, some of the questions were simplified.  

Subsequently, the questionnaire was again sent to a panel of three Allergists with 

experience in food allergy, who agreed upon the final version of the questionnaire. Thus, 

literature review, Allergy experts and healthy volunteers as well as patients with DBPCFC-

confirmed food allergy contributed to content validity of the questionnaire. 

2.1.6. Analysis of empirical construct: construct validity 

In order to assess construct validity, the 17-item questionnaire was analysed in terms of 

known-group validity. This was based on analysis of the agreement between positive 

replies to its questions and the actual presence of food allergy in patients with previously 

confirmed food allergy (positive food-specific skin tests, positive food allergen-specific 

IgE, and positive DBPCFC).    

2.1.7. Test-Retest Reliability (Temporal Stability) of the 
questionnaire 

The questionnaire was analysed in terms of reliability, using a test-retest approach. The 

questionnaire was applied via a phone call by a trained technician under allergist 

supervision, to the case and control groups as previously defined in the “volunteers” 

section and re-applied via a phone call to the case and control groups, on a second contact 

(“test-retest” technique) (73) after the first phone call.  

2.1.8. Statistical analysis 

Spearman’s correlation coefficient (Spearman’s Rho value) was used for determination of 

temporal stability, regarding values >0.70 in absolute value as a strong correlation. 

Analysis of concordance and reproducibility of the questionnaire was performed using 

Cohen’s Kappa Test for each question. Cohen’s Kappa results and their 95% confidence 
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intervals were accepted as having good concordance if Kappa values were >0.60, and as 

having almost perfect concordance for levels of Kappa >0.80 (73). Data were studied using 

SPSS 22.0 (SPSS Inc., Chicago, IL, USA) (74). A level of significance of less than 0.05 was 

regarded as statistically significant.  

 

Table 3: Initial 30 items screening questionnaire and Item Content Validity Index (I-CVI)  average 

performed by the nine experts medical specialists in allergy.  

Question 

Number 

Item Item CVI 

1 Identity Code of volunteer  1 

3 Gender  0.888 

3 Age in years 0.888 

4 Do you want to answer this questionnaire? 1 

5 Ethnicity 0.222 

6 Social grade (occupation) 0.111 

7 Literacy 0.111 

8 Do you have any systemic disease? 0.111 

9 Do you have any adverse food reaction?  1 

10 What kind of food causes your reaction?  1 

11 How much food caused the reaction? 0.333 

12 Was the food that caused the reaction cooked (or not)? 0.222 

13 What kind of reaction did you have?  1 

14 Where did you have the reaction? 0.111 

15 How long after food ingestion did the reactions appear?  0.888 

16 Did you need medical treatment? 1 

17 If answer was “yes” for item 9, Where did you receive 

medical treatment? 0.888 

18 What kind of treatment did you receive (intravenous, 

oral)? 0.333 

19 Did food ingestion occur on an empty stomach? 0.111 

20 Was food ingestion associated with exercise? 0.222 

21 Was food ingestion associated with any drug 

treatment? 0.111 

22 Did you drink alcohol beverages during food 

ingestion? 0.222 

23 Have you had any previous episodes with the same 

food?  1 

24 How long ago did the previous reaction take place? 1 

25 Have you had subsequent episodes with the same 

food? 0.333 

26 Have you been previously diagnosed with food allergy?  1 

27 Have you ever been to a specialty appointment by an 

Allergist doctor? 1 

28 Do you have any other allergic disease? (personal 

history of atopy)  1 

29 Does anybody in your family have an allergic disease?  0.888 

30 Would you want to be followed up at a specialty clinic? 1 

Italic: Items deleted in final version. 
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2.1.9. Ethical aspects 

This study was conducted in accordance with the guidelines laid down in the Declaration 

of Helsinki and all procedures involving subjects/patients were approved by the Ethics 

Committees of the Amato Lusitano Hospital (Castelo Branco Local Health Unit), the Cova 

da Beira University Hospital Centre, and the Sub-Regional Health Authorities of Castelo 

Branco (App II). Written informed consent was obtained from all subjects/patients. 

 

2.1.10. Translation into English 

The final questionnaire was translated into English by a professional translator and then 

this version was back translated into Portuguese by another professional translator who 

was blinded to the original questionnaire in Portuguese. The original and the back 

translated versions were then compared. Final adjustments to the English version were 

then carried out by consensus.  
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2.2. Self-Report based Prevalence and clinical features of 

adverse food reactions 

 

2.2.1. Population and samples 

For this study, we considered two types of samples: adolescents and adults. 

For the sample of adolescents, we took into account the 3168 adolescents aged between 

10-23 years old (mean age: 14,3±1.1; 51.7% female) registered in seven secondary schools 

of the cities of Castelo Branco and Covilhã, in central Portugal. 

 

Regarding the sample of adults, we considered the 76946 adults of both sexes, aged 

between 18 and 80 years; mean age of 48 years (median age: 46 years, 51.3% female), 

registered in the files of general practitioners from the six Healthcare Centres belonging 

to the Local Health Unit of Castelo Branco which accepted to participate in the study 

(Castelo Branco, Vila Velha de Ródão, Sertã, Proença-a-Nova, Oleiros and Idanha-a-

Nova).  

 

Based on an estimated prevalence of 4% (4,46,48,49,80,81), and considering a 95% 

confidence interval and a margin of error of 2% we calculated that we would need a 

representative sample of 399 adolescents and 369 adults (STATA Statistical Package®). 

Considering an expected reply rate of 40%, the sample size was set at 779 adolescents and 

923 adults. We therefore decided to contact all adolescent students of the seven previously 

referred schools and at least 1000 adults proportionally distributed in accordance with the 

number of individuals registered at each Healthcare Centre and randomly selected to be 

contacted by telephone.  

Data regarding the details of adolescent recruitment per school are shown in Table 4.  

 

 

Table 4: Adolescents sample size distribution 

#Amato Lusitano School only accepted 100 schoolchidren sample 

 

School Center Adolescent 

population 

Total percentage 

João Roiz  259 8.17% 
Professor Doutor António 
Sena Faria Vasconcelos  

236 7.45% 

Cidade de Castelo Branco 316 9.98% 
Nuno Álvares 900 28.41% 
Afonso de Paiva  294 9.28% 
Amato Lusitano # 100# 3.16% 
Covilhã (total of schools) 1063 33.55% 
Total schools 3168 100% 
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The total sample distribution according to age, as well as gender is shown in Figure 4.  

 

 

 

Figure 4: Sample age adolescents’ schoolchildren populational distribution  

 

The age distribution of the adult population, with a breakdown according to place of 

residence, is shown in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Distribution of adult resident population age clusters, by place of residence (Censos 2004) (67) 
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The specific calculation of adult sample size according to place of residence is shown in 

Table 5. 

 

Table 5: Adult sample size distribution  

 

Concelho  

(Health care area) 

Total population 

>20 years-old 

Total percentage Sample  size 

Castelo Branco 53,909 55.13% 550 

Vila Velha de Ródão 3,450 3.52% 35 

Sertã 15,663 16.02% 160 

Proença A Nova 8,849 9.05% 91 

Oleiros 5,754 5.88% 60 

Idanha A Nova 10,147 10.37% 104 

Total Concelhos 97,772 100% 1,000 

 

 

2.2.2. Study design 

These were population-based, cross-sectional studies, performed in the two previously 

described populations during a four year-long period (2011-2012 in adults and 2013-2015 

in adolescents). These studies were approved by the Ethics Committees of the Faculty of 

Health Sciences of the University of Beira Interior, of the Amato Lusitano Hospital and 

the former Administrative Sub-Region of Health of Castelo Branco (App II.1 and II.2). The 

study of the adolescent population was also approved by the Ministry of Education 

(DGIDC, Reg. Nº 0266300001 from January 2012) (App II.3). In order to achieve a higher 

response rate, the study was publicised in the local media (Press and Radio), before 

application of the questionnaire (App III). A list of all students in each class of each school 

was obtained and adolescents were selected by a simple randomisation process. All 

volunteers, and their legal guardians/parents in the case of individuals under the age of 18 

years old, gave written informed consent. The joint flowchart concerning both studies (in 

adolescents and in adults) is shown in Figure 6. 

All 1436 randomly selected adults (mean age: 47 years, median age: 45 years, 50.6% 

female) registered at participating Healthcare Centres were contacted by telephone and a 

validated food allergy questionnaire was applied (82). In the case of the 3168 adolescents, 

questionnaires were given by hand in a written form (App I.2) at participating schools.  
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Those volunteers (adolescents and adults) who reported a previous adverse food reaction 

were subsequently contacted by phone by a trained Allergist within the following three 

months. 

 

Volunteers who again confirmed the previous self-report of an adverse reaction, at the 

phone contact, were invited to a full allergy screen at the participating hospitals, where a 

standardised food allergy-related clinical history was taken (52,83), skin prick tests (SPT) 

and, where applicable, prick-prick skin tests (SPPT) were performed and blood was 

collected for determination of food allergen-specific IgE levels.  

In those cases in which the clinical history was unclear and SPT results as well as specific 

IgE levels were negative, an open oral challenge was performed. If the latter patients did 

not exclude the suspected food from the diet, an eviction diet was followed for a minimum 

of seven days prior to the food challenge.  

Patients with a positive clinical history of immediate (up to 2 h after ingestion) reaction in 

association with positive food sIgE levels and/or skin prick tests (with or without 

performance of a positive open challenge) were classified as IgE-associated probable food 

allergy. Cases of positive clinical history or delayed (more than 2 h after ingestion) and 

negative food sIgE levels independently of positive SPT or SPPT results, were classified as 

non-IgE associated probable food allergy.  
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Figure 6: Schematic flow chart of the study design and investigations performed in both populations  

 
 

 

2.2.3. Questionnaire 

A 17-item, previously validated questionnaire on adverse food reactions (82) with its 

development being a part of a chapter of this thesis, was applied by phone to all adult 

volunteers and given by hand in a written form to all adolescent volunteeers, at their 

schools, in as previously mentioned. This questionnaire included demographic data, 

questions on the occurrence of previous episodes of adverse reactions to foods, types of 

foods involved, types of reactions, post-ingestion latency time until appearance of 

symptoms, date of latest reaction, need for medical assistance, personal or family history 

of atopic diseases.  
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2.2.4. Determination of allergen-specific IgE levels 

In all individuals who came to the outpatient clinic, 5 ml of peripheral blood were taken 

for the determination of total serum IgE and aeroallergen-specific screening IgE 

(Phadiatop inhalant allergens®) levels, as markers of atopy, as well as suspected food-

specific IgE levels. A fluorometric (ImunoCAP® 250 Phadia Diagnosis)-based technique 

was used (Phadia & Thermo Scientific, Uppsala, Sweden). Allergen-specific levels above 

0.35 KUA/L were regarded as positive.  

 

2.2.5. Skin Prick Tests 

In vivo studies included SPT (LETI Laboratories, Spain; Bial-Aristegui, São Mamede do 

Coronado, Portugal; Stallergènes, Antony, France) for aeroallergens (Dermatophagoides 

pteronyssinus, Dermatophagoides farinae, Blatella germanica, Aspergillus, Alternaria, 

Cladosporium, Latex, Cat dander, Dog dander, Plantago, Olea, Pinus, Cupressus, Quercus 

ilex, Poa, Lollium, Phleum, Salsola, Artemisia and Parietaria judaica) and suspected 

foods. When available, SPPT with native suspect foods were performed, since the 

sensitivity of the latter test is higher when compared with SPT using commercial extracts 

(84). Tests were carried out in duplicate on the volar aspect of the forearms. A drop of each 

commercial extract was placed upon the skin and each drop was pricked through using a 

metal lancet (Stallergènes, Antony, France). Histamine dihydrochloride and saline 

solution as positive and negative controls were used respectively. The mean weal diameter 

was recorded after 15 minutes. Wheals with a mean diameter at least 3 mm greater than 

that of the negative control were regarded as positive. SPPT tests used the same 

methodology but fresh foods were used.  

 

2.2.6. Oral Challenge 

Open oral challenges were performed both in cases with positive clinical history, SPT 

and/or SPPT and sIgE levels to suspect foods and also in those cases in which clinical 

history was unclear and SPT results as well as specific IgE levels were negative or 

discrepant. Open challenge tests were carried out with suspect food(s)(55), in accordance 

with published guidelines (9,11,13,18,46,85). In those cases in which individuals did not 

avoid the suspect foods, in spite of having symptoms, an eviction diet for at least seven 

days before the oral challenge was carried out and monitored (13,18,42,86,87). Oral 

challenges were performed at the hospitals, under direct clinical observation for 4 hours 

post-challenge and further 24 hour-long monitoring, depending upon presence or absence 

of reported symptoms. No double-blind, placebo-controlled food challenges were carried 

out.  
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2.2.7. Statistical analysis 

Data were analysed using the Software Package for Social Sciences (SPSS) version 20.0® 

(SPSS Inc., Chicago, IL, USA). Analysis of normality of distribution of variables was 

performed using the One Sample Kolmogorov-Smirnov test. Descriptive analysis was used 

for the characterization of the sample.  Chi-Square test or Fischer’s Exact Test were used 

in the case of nominal variables. Comparative analysis of quantitative variables was 

carried out using Student´s t-test or Mann-Whitney U test depending on distribution of 

variables. Odds ratio values were calculated for analysis of possible risk factors for adverse 

for reactions. A p value of less than 0.05 was regarded as significant with all statistical 

tests.  
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2.3. Development of a protocol for a sistematic review for the 

study of food allergy in the elderly  

 

2.3.1. Search strategy 

The summary of this systematic review protocol has been registered in the International 

Prospective Register of Systematic Reviews (PROSPERO)(88), with the following 

registration number: CRD42018102140. 

 

We have developed a comprehensive search strategy for screening published and 

unpublished studies. As sources of published studies, we searched the Cochrane Library 

(Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials 

(CENTRAL), Cochrane Methodology Register), MEDLINE, EMBASE, CINAHL, AMED, 

ISI Web of Science (Science and Social Science Index). 

  

The bibliographies of all eligible studies were also scrutinised to identify additional 

possible studies. Unpublished and research in progress were searched in key Internet-

based relevant databases: www.clinicaltrials.gov; http://www.isrctn.com/ (ISRCTN 

Registry); www.anzctr.org.au. In addition, to extend our search for published, 

unpublished and ongoing studies, we contacted an international panel of experts in this 

field. 

 

Studies from all over the world were included, when they met the inclusion/exclusion 

criteria. No language restrictions were imposed; translations were undertaken where 

necessary. We reported any literature that we were unable to translate. Search dates will 

be from January 1980 to February 2019. Search terms are detailed in Supplementary 

Materials chapter (App IV). One change was made to the protocol, and this was registered 

by submission of an updated version to PROSPERO and was also documented on the final 

manuscript with the results of the systematic review. 

 

2.3.2. Inclusion criteria for study designs 

We included all observational, including cohort, case-control and cross-sectional studies. 

In addition, systematic reviews and meta-analyses with the same focus were also 

scrutinised. These study designs were selected to ensure the selection and pooling of the 

highest possible level of evidence based on the aims of this review. 

 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

 27 

In terms of population, we selected studies that included (not only exclusively) 

participants aged 60 years or older, reporting or having a diagnosis of food allergy. This 

cut-off age was used as a criterion for considering an individual as “elderly” since our 

systematic review will include studies from all over the world, and the World Health 

Organisation (W.H.O.) proposed 60 years as a working definition of an “older person” in 

African countries (89). In addition, although 65 years is recommended by W.H.O. as a cut 

off level in western countries (90,91), and this is the threshold used in most studies in 

elderly individuals in those countries, there are some epidemiological studies also 

performed in such countries which use 60 year cut off age for identifying elderly people 

(92). This will ensure that our study will be fully inclusive. 

The following study designs will be excluded: narrative literature reviews, discussion 

papers, non-research letters and editorials, case studies and case series, animal studies. 

 

2.3.3. Study selection 

Titles and abstracts of included papers were independently checked by two investigators 

(ILD and CLI) as “include”, “exclude” or “unclear”. The full text of all potentially eligible 

studies will be retrieved and independently assessed against the inclusion criteria (see 

above) by two reviewers. The reviewers decided which of the studies fit the inclusion 

criteria: any disagreements were resolved by discussion, with a third researcher (LTB) 

used to arbitrate the process.  

To ensure transparency, the process of selection was summarised using a PRISMA flow 

diagram. (Fig 17, page 54). 

 

2.3.4. Data Extraction 

Data from selected articles were extracted independently by two reviewers (ILD and JG), 

who transferred data from their original presentation to a proper form made in Microsoft 

Excel© software, adapted to each food subgroup, with each study receiving a reference 

code (App IV.5). Any discrepancy was resolved by discussion with the third reviewer 

(LTB).  When an article presented results from N different studies, then N different forms 

were created to collect data. Before using the form, we tested it in a pilot extraction step 

with a selected sample of studies. This allowed us to check the capacity of the constructed 

for to capture the relevant information that was to be used for analysis. 

 

Indirect data were also collected from figures and charts, adapting their interpretation 

from two different authors by consensus, and authors of original articles were also be 

contacted for further information and retrieval of additional data. In articles in which data 

from elderly patients were analysed together with those from non-elderly patients, authors 
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were also contacted in order to clarify or make available data pertaining to the former 

group, for subgroup analyses. 

 

2.3.5. Data Items 

The following information was collected from selected studies involving elderly 

individuals, using the same approach that was previously used in a systematic review 

protocol which involved all epidemiological parameters of food allergies in European 

individuals of various ages but which did not focus on elderly individuals (93): a) 

Frequency of food allergy (i) by self-report; ii) by clinical symptoms plus positive SPT or 

IgE to food allergens; iii) by clinical symptoms, positive SPT or IgE to food allergens and 

also food challenge confirmed; b) Most frequently involved food allergens; c) Most 

frequently observed symptoms and symptom clusters; d) Timeframe of symptom 

development upon ingestion of foods; e) Time trends in frequency of food allergy; f) 

Geographical differences in prevalence of food allergy and related food allergens; g) Risk 

factors for food allergy.  

 

2.3.6. Outcome assessment 

Diverse methods of assessment have been used to define food allergy in different studies. 

Thus, for estimation of the prevalence (point, period and lifetime prevalence) and 

incidence (incidence rate, cumulative incidence) of food allergies, we included all methods 

that were used in previous primary studies, including self-reported assessment, clinician 

diagnosis, allergic sensitisation (based upon skin prick test results, skin prick-prick test 

results, food allergen-specific IgE levels, skin atopy patch tests) and food challenges (open, 

single-blinded, double-blinded). However, analyses took into account each such type of 

operational definition of food allergy in epidemiological studies.  

 

Regarding the analysis of risk factors and clinical manifestations of adverse food reactions, 

we only included studies that have studied objectively confirmed food allergic reactions 

(using food challenges), since this ensured the most robust approach to assessing a 

potential causal relationship between the studied risk factors and the studied outcome 

(food allergy as expressed by food-induced symptoms in a food challenge). This approach 

was also followed by the previously mentioned systematic review by Nwaru et al, which 

studied the epidemiology of food allergy for all ages, in Europe (47). 
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2.3.7. Risk of bias assessment strategy 

Risk of bias assessment was independently verified by two different reviewers (ILD and 

JG) for each individual study that was selected, using the Critical Appraisal Skills 

Programme (CASP) quality assessment tool for the types of included studies, including 

assessment of internal and external validity (94–96). We assessed heterogeneity, 

consistency and risk of bias. For each possible answer 0, 1 or 2 points were given to each 

question/parameter, for the following options “No”, “Can’t tell” and “Yes”, respectively. 

Quality of evidence and recommendation for the different outcomes was assessed using 

the GRADE system (97).  

All studies and their individual elements were graded in terms of adequacy of the study 

regarding the research question, risk of selection bias, measurement of exposure, and 

assessment of outcomes. Disagreements were resolved by a third reviewer (LTB). 

 

2.3.8. Analysis, data synthesis, publication bias and reporting 
A narrative synthesis of the data was performed. In addition, a descriptive summary with 

data tables was elaborated, in order to summarise literature findings (98), and when 

deemed clinically relevant and statistically adequate, meta-analysis using either fixed-

effect or random-effects modelling was carried out (99–101).  

 

A random-effects meta-analysis was performed for the self-reported food allergy to 

estimate the prevalence of each specific food group (seafood, nuts, peanuts, fruits, milk 

(included cheese) and others). Also, a pooled prevalence of the self-reported food allergy 

was estimated using the inverse variance method. The confidence intervals (CI) for each 

prevalence was taken at 95%. Statistical heterogeneity between studies was assessed by 

Cochran’s Q test and by I2 index (p<0.05 considered statistically significant). Statistical 

analysis was undertaken using Comprehensive Meta-Analysis, version 3.3. 

 

Forest plot and Funnel plot charts were made, when necessary, to compare results or to 

identify publication bias, since publication bias leads to funnel plot asymmetry, if 10 or 

more relevant studies are detected (102). Begs and Egger’s methods were used for testing 

such funnel plot asymmetry (103,104). Heterogeneity between studies was analysed using 

the the I2 statistical index (105). Statistical analysis was carried out using Software Package 

for Social Sciences (SPSS) version 25.0®. Finally, the PRISMA-P statement and checklist 

were followed for reporting of the systematic review (106,107). 
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2.3.9. Ethics, dissemination data protection 

Ethical approval was not obtained since the data to be collected and analysed cannot be 

linked to specific individuals. A data management plan was implemented in cases in which 

data from specific studies can be accessed directly or obtained from article authors. 

Retrieved data were kept in a database with protected access and was only used by the 

involved authors.  
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3. Results 
 

3.1. Validation of the questionnaire 

 

3.1.1. Face and content validity 
From the initial 30 questions, only 17 were kept (Tables 6 and 7), with 0.967 being the 

final average of the I-CVIs for the 17 scale items (s-CVI/Ave).  These 17 items were 

regarded as essential for obtaining adequate information from the patients, and 

distributed by seven domains. 

 

3.1.2. Demographics of the study volunteers 

3.1.2.1 Intelligibility study groups-ISG: 

The 24 healthy volunteers included in the “ISG-healthy” group were from the general 

population (50% females, median age of 45±7 years) and the 24 volunteers with confirmed 

food allergy (positive clinical history, specific IgE, skin tests, DBPCFC), recruited from the 

Allergy outpatient clinics belonging to both hospitals (83% females, median age of 36±11 

years), were included in the “ISG-patients” group.  

3.1.2.2. Case and Controls Groups: 

The 66 patients with previously confirmed (clinical history, specific IgE, skin tests, 

DBPCFC) food allergies were aged between 18 and 74 years (mean=38.27±9.3 years; 73% 

female).  Forty-six of these patients reported symptoms related to one single foodstuff and 

the other 20 were sensitised to more than one food. Implicated foodstuffs were seafood 

(32 cases), fresh fruits (26 cases), tree nuts (11 cases), peanut (8 cases), vegetables, chicken 

and egg (4 cases each) and other foodstuffs (8 cases). The 60 healthy volunteers recruited 

from the general population were aged between 18 and 82 years (mean=50±14.21 years; 

55% female).  

 

3.1.3. Intelligibility and testing of the questionnaire 

All volunteers confirmed the intelligibility and adequacy of the 17 questionnaire items. It 

was estimated that the questionnaire, when applied to volunteers without adverse food 

reactions (AFR), would take one minute to complete for the written form, and 2 minutes 

for the phone-applied form. In case of food allergy-confirmed volunteers, it took between 

2 and 10 minutes (mean of 4.5±1.5 minutes), for the written form and 2 minutes for the 

phone-applied form, respectively. 
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Table 6: Screening questionnaire and references used in its design 

Question 

Number 

Item References 

1 Identity Code of volunteer   (55) 

3 Gender  (49,55,57,70–72,108–110) 

3 Age in years (49,55–57,70–72,108–110) 

4 Do you want to answer this questionnaire? (49,55) 

5 Do you have any adverse food reaction?  (49,55,70–72,108,109,111) 

6 What kind of food causes your reaction?  (19,42,49,55,56,70–72,108-111) 

7 What kind of reaction did you have?  (13,19,110,42,49,55–57,71,72,109) 

8 How long after food ingestion did the reactions appear?  (13,19,42,49,55,57,71,72,108,110) 

9 Did you need medical treatment? (42,49,72,108) 

10 If answer was “yes” for item 9, Where did you receive 

medical treatment? 

(49,108) 

11 Have you had any previous episodes with the same 

food?  

(19,42,72,110) 

12 How long ago did the previous reaction take place? (19,42,49,72,110) 

13 Have you been previously diagnosed with food allergy?  (49,56,108) 

14 Have you ever been to a specialty appointment by an 

Allergist doctor? 

(49,56,108) 

15 Do you have any other allergic disease? (personal 

history of atopy)  

(19,42,49,55–57,72,108–110,112) 

16 Does anybody in your family have an allergic disease?  (13,19,42,49,55,56) 

17 Would you want to be followed up at a specialty clinic? (49,55) 

 
 

 

3.1.4. Analysis of empirical construct: construct validity 

The 17-item questionnaire was analysed in terms of known-group validity in a group of 66 

patients with previously confirmed food allergy (positive food-specific skin tests, positive 

food allergen-specific IgE, and positive DBPCFC) and in a group of 60 healthy volunteers. 

Questionnaire items 5 (main), as well as 6-8, consistently identified food-allergic patients 

with excellent discrimination from healthy controls (sensitivity 100%; specificity 100%). 

Furthermore, item 8 (“How long after food ingestion did the reactions appear?”) also 

discriminated between patients with confirmed classical IgE-mediated food allergy (all 

had reactions in less than 2 hours after food ingestion) and patients with non-IgE-

mediated food allergy (who had reaction more than 2 hours after food ingestion).  
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Table 7: Screening questionnaire Portuguese Version 

Número da 

Questão 

Item 

1 Código de Identificação do Voluntário  

2 Género  

3 Idade em anos 

4 Deseja responder a este questionário? 

5 Já teve alguma reacção a algum alimento?  

6 Qual é o alimento que lhe provocou reacção?  

7 Que tipo de reacção teve?  

8 Quanto tempo após ter comido surgiram as reacções?  

9 Precisou de tratamento médico? 

10 Se respondeu “sim” ao item 9, onde recebeu tratamento? 

11 Quantos episódios similares já teve com o mesmo alimento?  

12 Há quanto tempo teve a última reacção? 

13 Já lhe foi diagnosticada alergia alimentar por algum médico?  

14 Já foi visto alguma vez em consulta da especialidade de Alergia? 

15 Para além das reacções aos alimentos, também sofre de outras alergias? (asma, rinite, 

conjuntivite, alergia cutânea, outras)  

16 Alguém da sua família tem alguma doença alérgica?  

17 Deseja continuar o estudo da sua situação numa consulta de Imunoalergologia? 

 

 

3.1.5. Test-Retest Reliability (Temporal stability) 

In the Case Group, mean re-application time value was 8±10 weeks (range: 2 to 38 weeks; 

median and mode: 2 weeks). In the control group, mean re-application time was 8±7 

weeks (range: 2 to 34 weeks; median and mode: 2 weeks), thereby allowing analysis of the 

variability of replies to each of the items of the questionnaire. Temporal stability was 

calculated by determining Spearman’s Rho correlation coefficient for eight items (items 

number 5, 9, 11-15, 17) which were regarded as indispensable, since they objectively 

characterised the development of adverse food reactions, and also due to the “yes-no” 

binary answer type. The set of eight previously mentioned items, both globally and also 

taking gender, age, time interval between test and retest, as well as the volunteers’ source 

of referral (diagnosed patients and Health Care Centres) into account, are shown in Table 

8.  
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Table 8: Temporal Stability for Relevant questions by sex, age, time interval and local origin. 

Parameter Parameter classes Rho 

Spearman´s 

Values 

p value  

Sex Female 0.913 

 

p< 0.001 

Male 0.873 

 

p< 0.001 

Age (years) <25 0.748 

 

p< 0.001 

25-50 0.921 

 

p< 0.001 

>50 0.752 

 

p< 0.001 

Test-retest time interval 

(weeks) 

<8 0.923 

 

p< 0.001 

9-30 0.697 

 

p< 0.010 

>30 0.569 

 

p< 0.050 

Volunteers’ local of origin Hospital Patients 0.372 

 

p< 0.100 

Out of Hospital Patients 0.667 

 

p< 0.001 

Community Healthcare 

Centre #1 

0.733 

 

p< 0.010 

Community Healthcare 

Centre #2 

0.450 

 

p< 0.100 

Community Healthcare 

Centre #3 

0.758 

 

p< 0.001 

 
 

No differences were found in temporal stability when sex, age and volunteer origin were 

analysed. An inverse relationship was found between reliability and retest time interval. 

In addition, reproducibility was calculated by determining Cohen´s Kappa values for the 

globality of the test and in the same items previously referred (Table 9). Except for items 

12, 15 and 17, all questions had a high degree of stability. 
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Table 9: Analysis of Temporal Stability (Test- Re-test Reliability) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 

Number 

Item Cohen´s Kappa Value 

(Test-Retest reliability: 

intraclass correlation) 

5 Do you have any adverse food 

reaction? 

0.914 

9 Did you have medical treatment? 0.830 

11 Have you had any previous 

episodes with the same food? 

0.696 

12 How long ago did the previous 

reaction take place? 

0.641 

13 Have you been previously 

diagnosed a food allergy? 

0.886 

14 Have you ever been to a specialty 

appointment by an Allergist 

doctor? 

0.892 

15 Do you have any other allergic 

disease? 

0.441 

17 Would you want to be followed 

up at specialty clinic? 

0.296 
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3.2 Determination of prevalence and features of self-

reported food allergy 

3.2.1. Adolescents 

Of the 3168 questionnaires that were handed out (Figure 7), 1752 were returned with the 

written informed consent correctly filled in (57.3% reply rate). The questionnaire was 

properly completed by 1702 individuals (97.2% of the total of returned questionnaires; 

mean age: 14.9±2.1 years; median age: 14 years; 61.9% female). Of these, 183 adolescents 

reported previous adverse reactions (total of 239 episodes) upon ingestion of at least one 

food (11.01%).  

 

Figure 7: Flow chart of the study design and investigations performed in adolescents 
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These reactions had most frequently taken place 4 months to 5 years before (42.0% of the 

cases). Most adolescents reported symptoms with more than one type of food (50.2%; 

92/183). Regarding episodes of adverse food reactions, most commonly implicated foods 

were fresh fruits (59/239 episodes– 24.7%; 73/239 episodes – 30.5% if latex-related fruits 

were included as well), seafood (32/239 episodes – 13.4%), milk (30/239 episodes – 

12.5%) and nuts (15/239 episodes, excluding peanut – 6.3 %) (Figure 8).  

 

 

Figure 8: Most frequently implicated foodstuffs (Val. in %) n=239 

 

Most frequently reported symptoms were cutaneous (urticaria/angioedema; 107 episodes 

– 44.7%), followed by abdominal (34 episodes – 14.2%), respiratory symptoms (18 

episodes – 7.53%) or oral allergy syndrome (17 episodes – 7.1%). 49 episodes (20.5%), 

were difficult to define clinically (Figure 9).  

 

Figure 9: Symptoms by foods (Values in %) n=239 
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In addition, the ingestion of certain foods was associated with the development of 

particular symptoms. In this way, fresh fruits, milk and egg were in relation to cutaneous 

manifestations, shellfish in relation to abdominal symptoms, fresh fruits in connection 

with OAS, and nuts and peanuts in anaphylaxis. 

 

In most of the reported episodes (43.5%), symptoms developed within 30 minutes upon 

ingestion and in 30.95% of the cases had a delayed onset (between 2 and 24 hours) (Figure 

10). 

 

Figure 10: Time until development of symptoms upon food ingestion. (n= 239; Val. in %) 

 

Most of the 183 adolescents who reported a total of 239 episodes of AFR mentioned two 

to five reactions with the same food (48.6%; 89/183 individuals, reporting 116 episodes), 

with fresh fruits being the most frequent one in this group (38 out of 116 episodes and in 

47 out 116 episodes if latex related fruits were included). No individuals with latex 

sensitisation were found. 

In addition, 35 out of 183 adolescents (19.15%) reported 46 episodes of an adverse food 

reaction, with seafood being the most frequently associated food in this group (10/46 

episodes) (Figure 11). 

Figure 11: Nr. of Adverse Food Reactions with the same food (n=183 adolescents; Values in %) 
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About 56% (102/183) of the adolescents needed medical treatment: 67% of them (68 

cases) at a Hospital Emergency Department, 12.5% (13 cases) by a General Practitioner, 

13.5% (14 cases) by self-medication and 7% (7 cases) by an Allergy specialist.  

Most individuals who reported reactions (59%) had not been diagnosed an adverse food 

reaction and only 30% had been given such a diagnosis by an Allergist. 

Having a personal (OR: 3.00; 95% CI: 1.80-5.00) or a family history (OR: 2.60; 95% CI: 

1.53-4.32) of atopy were factors significantly associated with an increased risk of having 

an adverse food reaction. 

 

 

3.2.2. Adults 

Of the 1436 randomly selected individuals, we successfully contacted 965 by telephone 

(67% reply rate), and the questionnaire was fully completed in 840 cases (58% of the total 

sample). These individuals had a mean age of 48 years (median age: 46 years), and 51.3% 

were female. Of these, 52 reported previous adverse reaction upon ingestion of at least one 

foodstuff (total of 58 episodes), giving an estimated prevalence of 6% (95% CI: 4.4 – 7.6%) 

(Figure 13). The self-reported reactions had mostly occurred in the 6 months to 5 years 

previous to the phone contact (n=35; 42% of the cases).  
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Figure 12: Flow chart of the study design and investigations performed in adults  

 

Most commonly reported foods were seafood (20 episodes - 34.6%), various fresh fruits 

(12 episodes - 21.1%) and fish (11 episodes - 19.2%) (Figure 13). 
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Figure 13: Most frequently implicated foodstuffs (n= 58 episodes) 

 

Since some volunteers reported more than one symptom in relation to food ingestion, the 

total number of episodes accounted for in this section was 58. Of these, most frequently 

reported episodes were cutaneous (urticaria/angioedema; 28 episodes - 48.3% of the 

cases), followed by Oral Allergy Syndrome (OAS) (9 episodes - 16.6%), respiratory (8 

episodes - 15%) and gastro-intestinal (4 episodes - 6.6%) symptoms (Figure 14).  

 

 

Figure 14: Self-reported symptoms by foodstuffs (n=58 episodes) 

 

 

In most cases (55%), symptoms developed within 30 minutes upon ingestion and only 26% 

of the cases had a delayed onset (between 2 and 24 hours) (Figure 15).  
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Figure 15: Time for development of symptoms upon food ingestion (number of episodes, n= 58) 

 

Most individuals reported between 2 and 5 episodes with the same food (46.6%, with 

seafood being the most frequent one). More than 5 episodes were reported in 31% of the 

cases, with fresh fruits being the food most frequently involved (Figure 16).  

 

 

 

Figure 16: Number of episodes with the same food (number of episodes, n= 58) 

 

Medical treatment had been given in 29/52 (56%) of the individuals.  Most of them (27/52; 

51%) had never been diagnosed an adverse food reaction, and only 16% (8/52) had been 

diagnosed a food allergy by an Allergist. Having a personal (OR: 3.72; 95% CI: 2.04-6.77) 

or a family history (OR: 1.70; 95% CI: 0.90-3.21) of atopy were factors significantly 

associated with an increased risk of having an adverse food reaction.  
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3.3. Laboratory and skin prick test-based prevalence of food 

allergies. 

3.3.1. Adolescents 

Of the 183 individuals who reported an AFR, 44 (24%) declined to continue the study, and 

2 adolescents (1.1%) did not complete the study (one of them had already been thoroughly 

studied) (Figure 8). The remaining 137 adolescents (74.9% of the total number of AFR 

cases) were subsequently seen at an allergy hospital appointment. Of these, 56 (40.9%) 

reported absence of symptoms upon subsequent ingestion of the suspect food in the period 

between completion of the questionnaire and the hospital appointment, and were 

therefore not further studied. Thus, the remaining 81 adolescents under study (59.1% of 

the 137 adolescents seen at the hospitals) completed the full allergy workup (clinical 

history, SPT/SPPT, food-specific lgE levels, and open oral challenge tests, in some cases, 

as described in section 3.4.1). We identified two types of AFR response patterns, based on 

the existence or absence of an IgE-mediated mechanism.   

SPT performed with commercial food extracts were positive in 19 foods out of 22 in the 

group of adolescents with an lgE-associated mechanism and in 3 out of 9 foods tested in 

the non-IgE associated cases (general test sensitivity of 66.7%, specificity of 100%, PPV: 

100%, NPV: 86.4%) No differences between commercial extracts were found. Fresh food 

SPPT were positive in 13 out of 15 cases in the group of adolescents with an IgE-associated 

mechanism and only one in the non-IgE associated cases (general test sensitivity of 87.5%; 

specificity: 100%, PPV: 100%, NPV: 91.7%)(Table 10). 

 

Table 10: Sensitivity, Specificity and predictive values of cutaneous tests in Schoolchildren 

 Sensitivity Specificity PPV NPV 

Prick-Test 66.6% 100% 100% 86.4% 

Prick by prick-Test 87% 100% 100% 91.7% 

 

 

In the twenty cases in which an IgE-mediated association was newly found, specific lgE 

levels to implicated foods as well as Phadiatop were positive in all of them, and in 

addition, the mean total lgE serum levels were higher than compared with the group with 

non-IgE-mediated reactions (265.78 KUA/L versus 63.93 KUA/L, respectively; p<0.001; 

Mann-Whitney U Test) (Table 11) . Of the three adolescents in whom no IgE-associated 

mechanism was demonstrated, only two were atopic, one with a positive Phadiatop® 

test (patient #2) and one with positive SPT to aeroallergens (patient #23).  
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Table 11: Characteristics of diagnosed Allergy patients (Adolescents) 
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#1 12 M 269 Positive Yes No Positive No Other tree 

nuts 

Anaphylaxis <30 mins 2 to 5 Positive Positive Not 

performed 

IgE mediated 

#2 12 M 69 Negative Yes No Negative No Milk Other 

symptoms 

> 24 hours > 5 Negative Not performed Positive Non IgE 

mediated 

#3 12 F 258 Positive Yes Yes Positive Yes Peanut,  Urticaria / 

angioedema 

< 30 mins 

(peanut), 

Only 1 Positive 

(peanut), 

Positive 

(peanut), 

Not 

performed 

IgE mediated 

(only for 

peanut) 

         Egg  2-24 Hours 

(Egg) 

 Negative (egg) Negative (Egg)   

#4 13 M 529 Positive Yes Yes Positive No Fruits OAS < 30 mins > 5 Negative Positive Not 

performed 

IgE mediated 

#5 15 F 230 Positive Yes Yes Positive No Seafood Urticaria / 

angioedema 

<30 mins 2 to 5 Negative Positive Positive IgE mediated 

#6 15 F 92 Positive Yes Yes Positive No Other tree 

nuts 

Anaphylaxis <30 mins Only 1 Positive Positive Not 

performed 

IgE mediated 

#7 15 F 86 Positive Yes Yes Positive No Fruits OAS <30 mins > 5 Positive Positive Not 

performed 

IgE mediated 

                 

#8 18 F 114 Positive No No Positive No Fruits Urticaria / 

angioedema 

30 mins to 2 

hours 

> 5 Positive Positive Positive IgE mediated 

#9 19 M 303 Positive Yes Yes Positive No Other tree 

nuts 

Urticaria / 

angioedema 

30 mins to 2 

hours 

Only 1 Positive Not performed Not 

performed 

IgE mediated 

#10 16 M 164 Positive 

 

Yes Yes Positive No Fruits OAS <30 mins 2 to 5 Positive Positive Positive IgE mediated 

#11 16 M 233 Positive 

 

Yes Yes Positive No Fruits OAS <30 mins 2 to 5 Positive Positive Positive IgE mediated 

#12 16 M 238 Positive 

 

Yes No Positive No Fruits OAS <30 mins > 5 Positive Positive Positive IgE mediated 

#13 14 F 112 Positive 

 

Yes Yes Positive No Fruits OAS <30 mins > 5 Positive Positive Positive IgE mediated 

#14 17 F 279 Positive Yes Yes Positive No Seafood Anaphylaxis <30 mins Only 1 Positive Positive Positive IgE mediated 
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Table 11 (continuation): Characteristics of diagnosed Allergy patients (Adolescents)  
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#15 16 F 1686 Positive 

 

Yes Yes Positive No Seafood Anaphylaxis <30 mins Only 1 Positive Positive Positive IgE mediated 

#16 16 M 88,5 Positive Yes No Positive No Seafood Urticaria / 

angioedema 

<30 mins 2 to 5 Positive Positive Positive IgE mediated 

#17 15 F 112,7 Positive Yes Yes Positive No Seafood Urticaria / 

angioedema 

<30 mins 2 to 5 Positive Positive Positive IgE mediated 

#18 17 M 131,2 Positive Yes No Positive Yes Peanut,  Peanut: OAS  <30 mins 2 to 5 Positive 

(peanut & 

seafood) 

Not performed Negative 

(peanut) 

IgE mediated 

(only for 

seafood) 

         Seafood Seafood: 

Urticaria / 

angioedema 

    Positive 

(seafood)  

 

 

#19 14 F 127,9 Positive Yes Yes Positive No Seafood Urticaria / 
angioedema, 
Abdominal 

<30 mins 2 to 5 Positive Positive Positive IgE mediated 

#20 15 F 34,9 Negative No No Positive No Other tree 
nuts 

Respiratory 2 to 24 hours 2 to 5 Positive Negative Positive Non IgE 
mediated 

#21 14 F 114,4 Positive Yes Yes Positive No Other tree 
nuts 

Urticaria / 
angioedema 

<30 mins 2 to 5 Positive Not performed Positive IgE mediated 

#22 16 M 87,9 Negative No No Negative No Other tree 
nuts 

Urticaria / 
angioedema 

2 to 24 hours 2 to 5 Negative Positive Positive Non IgE 
mediated 

#23 15 M 148 Positive Yes Yes Positive No Fruits OAS <30 mins > 5 Positive Not performed Positive IgE mediated 
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3.3.2. Adults 

Of the 52 cases who reported AFR, 13 (25%) declined to continue in the study, and 39 were 

invited to the hospital. We obtained information from all of these individuals (75% of all 

AFR cases). Of these, 12 (23%) reported that they had tolerated the suspected food after 

the initial phone call, and 27 individuals (52% of the total of AFR) completed the full study 

(clinical history, SPT/SPPT and determination of total and allergen-specific IgE levels). As 

had happened in the adolescent population, two types of AFR response patterns, based on 

the existence or absence of an IgE-mediated mechanism were identified.  

  

An immunologically-mediated adverse food reaction was diagnosed in 9 patients [9/840; 

1% (95% CI: 0.39-1.31%)] of the total of number of individuals (mean age: 45 years, 

median age: 47 years, 55.6% female). IgE-mediated sensitisation was demonstrated in 6 

of them, giving a value of probable food allergy of 0.71% (95% CI: 0.14-1.28%). The details 

of the patients who were regarded as having immunologically mediated food allergy are 

shown in Table 12. Most frequently implicated foods were shellfish (50%), fish (20%), 

peanut and fresh fruits (15% each). 

Ingestion of shellfish was implicated in four of the six cases of the IgE-mediated 

sensitisation, while nuts and peanut were involved in one case each. Two individuals had 

reactions with more than one food, but IgE-mediated sensitization was only shown in one 

volunteer who was allergic to peanut and nuts.  

 

Of the six cases in which an IgE-associated mechanism was detected, Phadiatop was 

positive in five, whereas this test was negative in all cases of food allergy in which IgE-

mediated sensitisation was not shown. In addition, total serum IgE values were 

significantly higher in the group of patients with demonstrated IgE-mediated 

sensitisation, as compared with the group with non-IgE-mediated reactions (207.33 

KUA/L versus 30.66 KUA/L, respectively; p < 0.001; Mann-Whitney U test).  

 

SPT performed with commercial food extracts were positive with seven out of nine foods 

reported in the IgE-mediated group, in comparison with only two out of five foods 

reported in the non-IgE-mediated group (general sensitivity of test of 64%, specificity of 

82%, PPV: 64%, NPV: 82%).  

 

SPPT carried out with fresh foods were positive in eight out of nine cases in the volunteers 

from the IgE-mediated group and in three out of five volunteers of the non IgE-mediated 

group (general sensitivity of the test of 89%, specificity: 79%, PPV: 66%, NPV: 94%) (Table 

13).  
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Table 12: Characteristics of diagnosed Allergy patients (Adults) 
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#1 37 M 114 Positive Yes Yes Positive Positive No Seafood Asthma < 30 mins Positive Positive Not performed IgE mediated 

#2 57 M 540 Positive No Yes Positive Positive No Seafood Anaphylaxis < 30 mins Positive Positive Not performed IgE mediated 

#3 34 F 255 Positive Yes Yes Positive Positive No Seafood 

Urticaria/ 

angioedema < 30 mins Positive Positive 

Not performed 

IgE mediated 

#4 36 F 128 Negative Yes Yes Positive Positive Yes 

Fruits, 

Seafood OAS < 30 mins Positive 

Positive 

(1) 

Not performed 

IgE mediated 

#5 50 M 125 Positive No No Negative Positive No Seafood 

Urticaria/ 

angioedema 

30 mins to 2 

hours Positive Positive 

Not performed 

IgE mediated 

#6 47 M 82 Positive No No Positive Positive Yes 

Peanut, 

other tree 

nuts 

Urticaria/ 

angioedema 

30 mins to 2 

hours Positive Positive 

Not performed 

IgE mediated 

#7 55 F 36 Negative Yes Yes Negative Negative No Fish 

Urticaria/ 

angioedema 2-24 hours Negative Positive 

Not performed Non IgE 

mediated 

#8 37 F 26 Negative No No Negative Negative No Seafood 

Urticaria/ 

angioedema 2-24 hours Positive Positive 

Not performed Non IgE 

mediated 

#9 60 F 30 Negative Yes No Negative Negative Yes 

Fish, 

Seafood 

Urticaria/ 

angioedema 2-24 hours Negative Negative Positive (2) 

Non IgE 

mediated 

 

(1): Positive only to seafood (2): Only performed with fish. Patient refused oral challenge with seafood. 
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Table 13: Sensitivity, Specificity and predictive values of cutaneous tests in adults 

 

 Sensitivity Specificity PPV NPV 

Prick-Test 64% 82% 64% 82% 

Prick by prick-Test 89% 79% 66% 94% 

 

 

 

3.4. Oral food challenge-based prevalence of food allergies 

 

3.4.1: Adolescents 
Thirty-two open oral challenges were performed in twenty-seven volunteers (Table 14), 

which were clearly positive in seventeen of them: isolated OAS in five cases; OAS in 

association with diarrhea and colicky abdominal pain in two cases; vomiting and diarrhea 

in four cases; isolated generalised urticaria in two cases; generalised urticaria and 

angioedema of lips in one case; generalised urticaria and mild dyspnea in one case. All of 

these cases occurred 15 to 30 minutes after the onset of the tests; finally, there were two 

cases of delayed reaction: one involving colicky abdominal pain and diarrhea starting 9-

12 hours after the challenge and one consisting of mild urticarial rash and itchy skin which 

started 12 hours after the test). No cases of delayed anaphylaxis were identified. 

 

Table 14: Results from Open Oral Challenges performed in adolescent volunteers  

 

Results from Oral  open Challenge 

Performed 

N 

Number of Volunteers 27 

Total number of Open Oral Challenges 32 

Positive Oral challenges  17 

Oral Allergic Syndrom (OAS) 5 

Vomiting + diarrhea 4 

OAS + vomiting + acute andominal pain 2 

Acute Urticaria 2 

Acute Urticaria + lip angioedema 1 

Acute Urticaria + dyspnoea 1 

Delayed urticaria 1 

Delayed abdominal pain 1 
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Upon completion of the study, twenty four adolescents (one had already been diagnosed 

IgE-mediated milk allergy in another hospital) were diagnosed an AFR with an 

immunological basis (24/1702; 1.41% of the total number of adolescents that filled in the 

questionnaire; 95% CI=0.90–2.03%; mean age: 15.1 years, median age: 15 years, 54.1% 

female), and a probable IgE-mediated mechanism was detected in twenty one of them 

(21/1702; 1.23%; 95% CI: 0.67-1.72%.)(Table 11 shows the results for the newly diagnosed 

adolescents).  

 

Most frequently implicated foods were fresh fruits (30.8%, mostly belonging to rosaceae 

family), shellfish (26.9%, mainly crustaceans), nuts (23% walnut, cashew and hazelnut), 

peanut and milk (7.7% each) and egg (3.8% each) (Table 16).  

 

The most prevalent symptoms in all studied cases were cutaneous (40% of cases), followed 

by OAS (32%) and anaphylaxis (16%) with the latter being associated with the ingestion of 

nuts and shellfish (two cases each one). Only in the three cases which were not IgE-

associated were the symptoms delayed, appearing more than 2 hours upon ingestion, since 

in all cases with an IgE-association, symptoms appeared in less than 2 hours upon 

ingestion (Table 16, page 38). 

 

Of all the adolescents who finished the study at the Hospitals (81 individuals), 65 cases 

(80.2%) needed treatment for their symptoms, mostly at an Emergency Department. A 

high proportion of cases diagnosed with food allergy (either IgE- or non-IgE-associated) 

reported the presence of personal and/or family history of atopy. 

 

 

3.4.2. Adults 

Upon analysis of the clinical history, laboratory data and SPT/SPPT results, an oral 

challenge test was carried out when there were doubts regarding the presence of a food 

allergy. Four open oral challenges were performed in two volunteers (Table 15). One of the 

challenges was clearly positive (angioedema of the face, tongue and lips starting 15 

minutes upon the beginning of the challenge) but the remaining challenges were negative. 

The patient with the positive oral challenge (patient #9) refused a new challenge with the 

other implicated food (Table 12). This patient was regarding as having non-IgE associated 

food reaction since she had negative food-specific IgE levels, low total serum IgE levels, 

negative personal and family history of atopy and her reported reactions upon ingestion 

of the suspect food were delayed. 
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Table 15: Positive Open Oral Challenges characteristics performed in adult volunteers  

 

Oral Open Challenge N 

Number of Volunteers 2 

Total number of Open Oral Challenges 4 

Positive Oral challenges  1 

Face, tonge and lips angioedema 1 

 

 

Most frequently implicated foods in open oral challenges were fish (75%) and shellfish 

(25%), being positive only in one case (fish). 

 

In terms of symptoms reported in cases diagnosed as probable food allergy (both IgE- and 

non-IgE-mediated), the most prevalent one was cutaneous (50% of cases), followed by 

respiratory (22%) and OAS (22%). Delayed symptoms, occurring between 2 and 24 hours 

upon ingestion, were only reported in three out of nine cases, all of which belonging to the 

non IgE-mediated group. In the remaining six cases, reactions were immediate, and all 

occurred in individuals from the IgE-mediated group (Table 15). Of all the 27 individuals 

observed at the Hospital, about 57% (n=15) reported that they had needed treatment for 

their food-induced symptoms. 

 

3.4.3. Associated Factors 
No significant association factors were found in either age group, between severity of 

reaction and sex, age, type of food, or time elapsed since the latest reaction. In the same 

way, we found no significant association between severity of the food-induced reaction 

and total serum IgE levels.  
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Table 16: Confirmed probable food allergy by age groups 

 

 

Age groups 

 

Total 

 

IgE-mediated 

 

Non-IgE-mediated 

 Prevalence 

of probable 

food allergy 

Foodstuffs Symptoms Prevalence Foodstuffs Total 

IgE 

Time for 

development 

Prevalence Foodstuffs Total 

IgE 

Time for 

development 

 

 

Adults 

 

 

1.07% 

Seafood: 

50%;  

Fish: 20%; 

Peanut, 

Tree nuts 

and Fruit: 

10% each. 

 

Cutaneous: 

50%; 

Respiratory 

e OAS: 22% 

each; 

Anaphylaxis

: 5%  

 

 

0.71% 

 

Seafood: 

66%; 

Peanut 

11%; Tree 

nuts: 11% 

 

 

207.33 

KUA/L 

 

 

≤2 hs 

 

 

0.36% 

 

 

Fish: 50%; 

Seafood: 50% 

 

 

30.66  

KUA/L 

 

 

2-24 Hs 

 

 

Adolescents 

 

 

1.41% 

Fruits: 

30.8%; 

Seafood: 

26.9%, 

Tree nuts: 

23%; 

Peanut and 

milk: 7.7% 

each, Egg: 

3.8%. 

 

Cutaneous: 

40%;  

OAS: 32%; 

Anaphylaxis

: 16%; 

Abdominal, 

and 

Respiratory:

4% each.  

 

 

1.23% 

 

Fruits: 38% 

Seafood: 

33% 

Tree nuts: 

19% 

 Peanut 

and milk: 

5% each 

 

 

 

265.78 

KUA/L 

 

 

≤2 hs 

 

 

0.18% 

 

Tree nuts: 

66% 

Milk: 33% 

 

 

63.93 

KUA/L 

 

 

>24 Hs. 
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3.4.4. Final analysis 

Finally, we determined populational values of prevalence of adverse food reactions 

according to diagnostic criteria, foodstuffs and ages (Table 17).  

Although the estimated prevalence in individuals who did not reply to the questionnaire 

(non-responder population) was not calculated, and data shown were only a populational 

extrapolation of those obtained in our study, they offer interesting information about the 

differences in prevalence rates we found. 

 Firstly, we found a remarkable difference in prevalence values between the different phases 

of the studies, related to the type of methodology used, with higher values in the self-report 

phase than in the final phase after full allergy work-up. 

Secondly, the prevalence of AFR in adolescents was higher than in adults, with any of the 

methodologies used for diagnosis. 

Thirdly, we found that with several of the most frequently involved foodstuffs in the 

development of AFR in the self-report phase, such as milk and egg, an immune mechanism 

(mediated or not by IgE) was not confirmed. In those cases in which an immune mechanism 

was involved, as was the case with fresh fruits, shellfish and fish, the prevalence values were 

clearly significantly lower than those that were not associated with such a mechanism.  

On the other hand, we found a low prevalence of AFR to nuts and peanuts both in self-report 

and also after full allergy workup.       

Globally, we found that population extrapolated prevalence of AFR was less than 5% in the 

case of the most frequently implicated foods. 

 

 

Table 17: Population values of prevalence of Food Adverse Reactions 

by diagnostic criteria, foodstuffs and ages. (Adults, N= 840; Adolescents, N= 1702) 

 

 

Diagnostic Criteria 

 

Total 

Fruit 

(Latex-

related 

included 

 

Milk 

 

Seafood/ 

Shellfish 

 

Egg 

 

Tree 

nuts 

 

Peanut 

 

Fish 

Self-

reported 

Adults 6% 1.31% 0.12% 2.14% 0.48% 0.24% 0.12% 1.19% 

Adolescents 11.01% 4.29% 1.76% 1.88% 0.82% 0.88% 0.47% 0.47% 

IgE-

mediated 

Adults 0.71% 0% 0% 0.48% 0% 0.12% 0.12% 0% 

Adolescents 1.23% 0.47% 0% 0.41% 0% 0.23% 0.06% 0% 

Non-

IgE-

mediated 

Adults 0.36% 0% 0% 0.24% 0% 0% 0% 0.24% 

Adolescents 0.18% 0% 0.06% 0% 0% 0.12% 0% 0% 
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3.5. Systematic review of food allergy in the elderly 

 

3.5.1. Study selection and characteristics 

This systematic review, based on studies published between January 1980 and February 

2019, identified 31,059 articles and an additional set of 2 studies through hand searches and 

expert suggestions, which yielded a total of 31,061 articles for screening (Figure 17). 

 

After removal of duplicates, 12,869 articles remained for further screening. On the basis of 

title and abstract reading, and based upon pre-defined exclusion criteria, 12,651 articles 

were excluded. Most of these papers were not incorporated into the study because they 

focused on various aspects of gastrointestinal problems, but not on food allergy; the 

remainder were excluded because they only included children or young adults. Thus, the 

full texts of 218 articles were examined in greater detail. Of these articles, 140 were excluded 

for not being population-based, for clearly not including elderly individuals, or for various 

other reasons, leaving 78 papers. Of these, 68 articles were excluded for various reasons 

(Figure 17), and 10 papers were included in the narrative synthesis, being all of them 

primary studies, out of which 9 studies were included in at least one meta-analysis.  

 

The articles reviewed were 10 cross-sectional studies, conducted in five European countries 

- Finland, Portugal, Poland, Sweden, and the United Kingdom - and one North American 

country - United States of America. The pooled number of elderly individuals in the twelve 

included primary studies was 22,340.  

A summary of the analysis of the ten articles included in qualitative synthesis is shown in 

Table 18.  
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Figure 17. PRISMA - Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for 

studies on the epidemiology of food allergy in elderly individuals 
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Table 18. Summary of the characteristics of studies included for qualitative analysis: studies published 

worldwide until February 2019. 
 
 

Study name 
Country/ 

Region 
Design 

Method of 
outcome 

assessment 

Food 
groups  

included 
Sampling 

Sample 
size 

(60+) 

Ref 

Isolauri, 2004 Finland 
Cross-

sectional 
SR 
IgE 

Milk/ Dairy 
products 

Randomized 100 
(113) 

Rentzos, 2019 Sweden 
Cross-

sectional 

 
SR 
IgE 

Milk/ Dairy 
products 
Fruit 
Nuts 
Seafood 
Other/Any 
foods 

Randomized 332 

 
 
 

(114) 

Lozoya, 2016 Portugal 
Cross-

sectional 

 
SR 
IgE 
SPT 
OFC 

Milk/ Dairy 
products 
Fruit 
Nuts 
Seafood 
Other/Any 
foods 

Randomized 

230 

 
 
 

(115) 

Emmett, 1999 UK 
Cross-

sectional 
SR 

Milk/ Dairy 
products 
Fruit 
Nuts 
Seafood 
Other/Any 
foods 

Randomized 

2880 

 
 
 

(116) 

Gupta, 2019 US 
Cross-

sectional 
SR 

Milk/ Dairy 
products 
Nuts 
Seafood 
Other/Any 
foods 

Randomized 

10839 

 
 
 

(117) 

Mossakowska, 
2008 

Poland 
Cross-

sectional 
SR 

Fruit 
Other/Any 
foods 

Randomized 
301 

 
(118) 

Sicherer, 2004 US 
Cross-

sectional 
SR Seafood 

Randomized 
1876 

(119) 

Sicherer, 2003 US 
Cross-

sectional 
SR Nuts 

Randomized 
1700 

(120) 

Sicherer, 2010 US 
Cross-

sectional 
SR Nuts 

Randomized 
3091 

(121) 

Vierk, 2007 US 
Cross-

sectional 
SR 

FA in total 
(no specific 
foods 
mentioned) 

Randomized 

991 

 
(60) 
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3.5.2. Risk of bias assessment 

Out of the ten primary studies selected for this systematic review, three were graded as 

weak, four as moderate and three as strong risk of bias (Table 19).   

 

Table 19. Summary of the characteristics and bias grading of studies included for qualitative analysis: studies 

published worldwide until February 2019. 

 

Study name CASP Checklist used Bias grading 

Isolauri, 2004 Cohort study Weak 

Rentzos, 2019 Cohort study Weak 

Lozoya, 2016 Cohort study Weak 

Emmett, 1999 Cohort study Strong 

Gupta, 2019 Cohort study Moderate 

Mossakowska, 2008 Cohort study Strong 

Sicherer, 2004 Cohort study Moderate 

Sicherer, 2003 Cohort study Moderate 

Sicherer, 2010 Cohort study Moderate 

Vierk, 2007 Cohort study Strong 

 

3.5.3. Overall frequency of food allergy 

3.5.3.1 Prevalence by self-reported food allergy 

All of the studies evaluated self-reported prevalence of food allergy (Table 20). The overall 

pooled point prevalence of self-reported food allergy in people over 60 years old was 6.46% 

(95% CI 5.5-7.54%), which was higher than that in children - 2.50% (95% CI 2.2-2.8%) - but 

lower than that in adults – 8.25% (95% CI 7.6-8.9%) reported in the same studies (Table 

21). Nevertheless, there was significant heterogeneity between the studies, as described 

later in detail at the end of this chapter. 

3.5.3.2. Prevalence by self-reported food allergy plus food-specific IgE levels 

Three studies (113–115) also evaluated prevalence of food allergy in elderly individuals, 

based upon self-report plus food-specific IgE levels (Table 20). These reports further 

assessed the prevalence of food allergy in adults and children, but Isolauri et al (113) only 

did so for cow’s milk/dairy productss (Table 21). 

The overall pooled point prevalence of positive SR plus food-specific IgE levels in people 

over 60 years old was 6.95% (95% CI 5.23-9.16%), which was lower than that in adults – 

10.53% (95% CI 9-12.2%) and in children – 9% (95% CI 4.6-16.4%) reported in the same 

studies (Table 21).  
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3.5.3.3. Prevalence by self-reported food allergy plus skin prick test 

Only one study (115) analysed the prevalence of food allergy based on self-report plus 

SPT/SPPT results in adults over 60 years old sub-group (Table 20). 

The overall pooled point prevalence of positive SR plus SPT in people over 60 years old was 

1.30% (95% CI 0.26-3.94%), which was similar to that in adults – 1% (95% CI 0.4-

2.2%)(Table 21) reported in the same studies. This study did not include children and, thus, 

results cannot be compared with that age range.  

3.5.3.4. Prevalence by full allergy workup 

Regarding full allergy workup (self-report + SPT/SPPT and/or specific IgE + oral food 

challenge), only one of the selected studies carried out oral food challenges to measure the 

prevalence of food allergy in the over 60 years-old sub-group, but not in children (115). 

Lozoya et al (115) did so in two adult subjects, with 1 positive OFC for fish allergy (0.43% 

95% CI: 0.0-2.6), suggesting a prevalence lower than that in adults (1.31% 95% CI: 0.6-2.6). 

 

No studies used double-blind placebo-controlled food-challenge assessments. 

 

Table 20. Summary of the overall pooled point prevalence of food allergy in the elderly. 

 

Study name Sample size SR (%) 
SR + IgE 

(%) 
SR + SPT (%) 

Isolauri, 2004 100 13 7.00 Not reported 

Rentzos, 2019 332 19.1 1.8 Not reported 

Lozoya, 2016 230 4.35 0.00 1.30 

Emmett, 1999 2880 4.20 Not reported Not reported 

Gupta, 2019 10839 8.8 Not reported Not reported 

Mossakowska, 

2008 
301 3.32 Not reported Not reported 

Sicherer, 2004 1876 5.76 Not reported Not reported 

Sicherer, 2003 1700 1.71 Not reported Not reported 

Sicherer, 2010 3091 1.33 Not reported Not reported 

Vierk, 2007 991 9.59 Not reported Not reported 
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Table 21. Prevalence of food allergy (%) for each method of outcome assessment, in each age subgroup.  

 
Method of outcome 

assessment 

60+ 18-59 0-17 

Only SR 6.46 8.25 2.50 

SR + IgE 6.95 10.53 9 

SR + SPT 1.30 1 Not reported 

SR + SPT / IgE + OFC 0.43 1.31 0.00 

SR + SPT / IgE +  

DBPCFC 

Not reported Not reported Not reported 

 
 

3.5.4. Prevalence of food allergy according to food group  
 

3.5.4.1. Milk and dairy products 

The prevalence of allergy to milk/dairy products was presented in 5 studies (113–117) with 

two different methods of outcome assessment: self-report (114–117) and self-report in 

addition to milk-specific IgE levels (113). The prevalence of milk allergy in children was only 

measured in one of the included studies (113). 

The point prevalence of milk/ dairy products allergy by self-report was 1.68% (95% CI 1.11-

2.5%) in the elderly, similar to that in adults – 1.63% (95% CI 1.28-2.04%) – and lower than 

that in children - 14.00%. 

The point prevalence of milk/dairy products allergy as detected by SR + milk-specific IgE 

levels was 7.00% in the elderly, comparable to that in children (9.00%) and higher than that 

in adults (2.50%) reported in the same studies (Table 22).  

 

Table 22. Prevalence of allergy to milk and dairy products (%) for each method of outcome assessment, in each 

age subgroup.  

 

Method of outcome 
assessment 

60+ 18-59 0-17 

Only SR 1.68 1.63 14.00 
SR + IgE 7.00 2.50 9.00 
SR + SPT Not reported Not reported Not reported 
SR + SPT / IgE + OFC Not reported Not reported Not reported 

SR + SPT / IgE +  

DBPCFC 

Not reported Not reported Not reported 

 

3.5.4.2 Fruits 

Four studies (114–116,118) presented the prevalence of self-reported fruit allergy. One study 

(115) presented the results of SPT performed after self-reported allergy to fruits.  
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Two studies specified the reported fruits – strawberries, bananas and oranges (118) and 

apple, apricot, banana, cherry, dried fruit, kiwi, lingonberry, melon, nectarine, orange, 

peach, pear, plum, strawberry and avocado (114).  

The overall pooled point prevalence of self-reported fruit allergy was 2.00% (95% CI 1.60-

2.51%) in the elderly (Table 23). Two studies (114,115) provided data for the comparison 

with the general adult population, which had an overall pooled self-reported fruit allergy 

prevalence of 3.08% (95% CI 2.30-4.10%), higher than that in the elderly. No studies 

presented the prevalence of allergy to fruit in children. 

The prevalence of fruit allergy as determined by SR + SPT (115) was 0.43% in the elderly, 

which was lower than that in adults (0.98%).  

 

 

Table 23. Prevalence of fruit allergy (%) for each method of outcome assessment, in each age subgroup.  

 

Method of outcome 
assessment 

60+ 18-59 0-17 

Only SR 2.00 3.08 Not reported 
SR + IgE Not reported Not reported Not reported 
SR + SPT 0.43 0.98 Not reported 
SR + SPT / IgE + OFC Not reported Not reported Not reported 

SR + SPT / IgE +  

DBPCFC 

Not reported Not reported Not reported 

 

3.5.4.3. Nuts and peanut 

The self-reported prevalence of allergy to isolated peanuts or other nuts was presented in 6 

studies (114–117,120,121) while allergy to both peanuts and other nuts, simultaneously, was 

presented in 2 studies (120,121). Four studies reported other specific nuts analysed by self-

report - tree nut, walnut, almond, hazelnut, pecan, cashew, pistachio, other tree nuts (117); 

almond, Brazilian nut, chestnut, hazelnut and walnut (114); tree nut (120,121). Only 2 

studies (120,121) presented the relevant data in the children sub-group. 

 

The overall pooled point prevalence of allergy to peanuts in the elderly, by self-report, was 

0.69% (95% CI 0.39-1.19%), which was lower than that in adults – 1.34% (95% CI 1.07-

1.68%) – and similar to that in children – 0.70% (95% CI 0.52-0.96%)(Table 24). The 

prevalence of self report and peanut-specific IgE (117) in the elderly was 2.71%, lower than 

that in adults (5.77%). 

 

 

 

 

 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

60 

 

 

Table 24. Prevalence of peanut allergy (%) for each method of outcome assessment, in each age subgroup.  

 
Method of outcome 
assessment 

60+ 18-59 0-17 

Only SR 0.69 1.34 0.70 
SR + IgE 2.71 5.77 Not reported 
SR + SPT Not reported Not reported Not reported 
SR + SPT / IgE + OFC Not reported Not reported Not reported 

SR + SPT / IgE +  

DBPCFC 

Not reported Not reported Not reported 

 

The overall pooled point prevalence of self-reported allergy to other nuts in the elderly was 

0.76% (95% CI 0.43-1.27%), lower than that in adults – 1.32% (95% CI 1.05-1.65%) – but 

slightly higher than that in children – 0.46% (95% CI 0.32-0.68%)(Table 25). The 

prevalence of self-report and specific-IgE levels to nuts was reported only in 1 study (114) 

as 8.73% in the elderly, lower than that in adults (21.13%). The prevalence of allergy to other 

nuts by SR + SPT (115) in the elderly was 0.00%, lower than that in adults (0.33%).  

 

Table 25. Prevalence of other nuts allergy (%I) for each method of outcome assessment, in each age subgroup.  

 
Method of outcome 
assessment 

60+ 18-59 0-17 

Only SR 0.76 1.32 0.46 
SR + IgE 8.73 21.13 Not reported 
SR + SPT 0.00 0.33 Not reported 
SR + SPT / IgE + OFC Not reported Not reported Not reported 

SR + SPT / IgE +  

DBPCFC 

Not reported Not reported Not reported 

 

The overall pooled point prevalence of self-reported allergy to both peanuts and other nuts 

in the elderly was 0.06% (95% CI 0.01-0.19%), lower than that in adults – 0.22% (95% CI 

0.04-0.70%) – and children – 0.34% (95% CI 0.22-0.53%) (Table 26). The prevalence of 

allergy to both peanuts and other nuts by SR + SPT (115) in the elderly was 0.00%, lower 

than that in adults (0.16%). 

 

Table 26. Prevalence of both peanut and other nuts allergy (%) for each method of outcome assessment, in 

each age subgroup. 

 
Method of outcome 
assessment 

60+ 18-59 0-17 

Only SR 0.06 0.22 0.34 
SR + IgE Not reported Not reported Not reported 
SR + SPT 0.00 0.16 Not reported 
SR + SPT / IgE + OFC Not reported Not reported Not reported 

SR + SPT / IgE +  

DBPCFC 

Not reported Not reported Not reported 
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3.5.4.4. Seafood (Shellfish and fish) 

Four studies (114,115,117,119) presented the prevalence of self-reported shellfish allergy, 

and one that of SR + SPT (115). Five studies (114–117,119) presented the prevalence of self-

reported allergy to fish. Two studies (115,119) presented the prevalence of self-reported 

allergy to both fish and shellfish, simultaneously, as well as allergy to any/other seafood, as 

by self-report. One study (115) also reported the prevalence of allergy to fish and shellfish 

by SR + SPT. The prevalence of seafood in children was only reported in one study (119). 

The overall pooled point prevalence of self-reported shellfish allergy in the elderly was 

0.47% (95% CI 0.18-0.90%), lower than that in adults – 0.63% (95% CI 0.41-0.92%) – and 

children – 0.50% (Table 27). The prevalence of allergy to shellfish by SR + SPT in the elderly 

was 0.00%, lower than in adults (1.64%). 

 

Table 27. Prevalence of shellfish allergy (%) for each method of outcome assessment, in each age subgroup.  

 

 
Method of outcome 
assessment 

60+ 18-59 0-17 

Only SR 0.47 0.63 0.50 
SR + IgE Not reported Not reported Not reported 
SR + SPT 0.00 1.64 Not reported 
SR + SPT / IgE + OFC Not reported Not reported Not reported 

SR + SPT / IgE +  

DBPCFC 

Not reported Not reported Not reported 

 

The overall pooled point prevalence of self-reported fish allergy in the elderly was 0.49% 

(95% CI 0.23-0.59%), lower than that in adults – 0.81% (95% CI 0.61-1.11%) – but higher 

than that in children – 0.17% (Table 28). The prevalence of fish allergy by SR + SPT in the 

elderly was 0.43%. The prevalence of fish allergy by SR + SPT + OFC in the elderly was 

0.43%, higher than that in adults (0.00%). 

 

Table 28. Prevalence of fish allergy (%) for each method of outcome assessment, in each age subgroup.  

 

 
Method of outcome 
assessment 

60+ 18-59 0-17 

Only SR 0.49 0.81 0.17 
SR + IgE Not reported Not reported Not reported 
SR + SPT 0.43 Not reported Not reported 
SR + SPT / IgE + OFC 0.43 0.00 Not reported 

SR + SPT / IgE +  

DBPCFC 

Not reported Not reported Not reported 
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The prevalence of self-reported allergy to both fish and shellfish in the elderly was 0.05% 

(95% CI 0.01-0.26%), lower than that in adults - 0.21% (95% CI 0.13-0.34%) - and children 

(0.08%) -, and the prevalence of fish and shellfish allergy by SR + SPT in the elderly was 

0.43%, higher than in adults (0.33%)(Table 29). 

 

Table 29. Prevalence of both fish and shellfish allergy (%) for each method of outcome assessment, in each age 

subgroup.  

 
Method of outcome 
assessment 

60+ 18-59 0-17 

Only SR 0.05 0.21 0.08 
SR + IgE Not reported Not reported Not reported 
SR + SPT 0.43 0.33 Not reported 
SR + SPT / IgE + OFC Not reported Not reported Not reported 

SR + SPT / IgE +  

DBPCFC 

Not reported Not reported Not reported 

 

The prevalence of any/other seafood allergy by self-report in the elderly was 2.52% (95% CI 

1.92-3.28%), lower than that in adults - 2.70% (95% CI 2.38-3.07%) - and higher than in 

children (0.58%). 

 

 

3.5.4.5. Other foods 

Five studies (114–118) analysed the prevalence of self-reported food allergy to other foods. 

One study (115) also reported the prevalence of food allergy by SR + SPT, and one study 

(114) by self-report and food-specific IgE levels. The specific foods reported in each study 

were: eggs, sesame, soy, wheat/flour/gluten, chocolate, pulses and others (116); wheat, soy, 

sesame and eggs (117); rye, rabbit meat, pig meat, snails, sausages, honey, chocolate, 

biscuits, eggs and others (115); eggs, pepper, garlic, chamomile and ice cream (118); 

anise/caraway, bean, beef, chamomile, carrot, cayenne/red pepper, chicken, celery, 

chilli/tabasco, chocolate, coriander, curry, eggs, flour (non-wheat), flour (wheat), fried/fat 

food, parsley, pea, poppy seed, pork/pig, potato, red meat, salami, sour milk/yogurt, soy, 

sunflower seed, sweet pepper, tomato, wine/beer and others (114). The overall pooled point 

prevalence of self-reported allergy to other foods in the elderly was 3.42 % (95% CI 2.88-

4.05%), lower than that in adults – 4.74% (95% CI 3.75-5.92%)(Table 30). The prevalence 

of allergy to other foods by self-report and food-specific IgE levels in the elderly was 3.61%, 

higher than that in adults (2.96%), and the prevalence of allergy to other foods by SR + SPT 

in the elderly was 0.00%, lower than that in adults (0.49%). 
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Table 30. Prevalence of allergy to other foods (%) for each method of outcome assessment, in each age 
subgroup.  

Method of outcome 
assessment 

60+ 18-59 0-17 

Only SR 3.42 4.74 Not reported 
SR + IgE 3.61 2.96 Not reported 
SR + SPT 0.00 0.49 Not reported 
SR + SPT / IgE + OFC Not reported Not reported Not reported 

SR + SPT / IgE +  

DBPCFC 

Not reported Not reported Not reported 

 

 

3.5.5. Clinical characteristics 

Only one study (115) presented the clinical characteristics in the over 60 years of age sub-

group (Table 31). Clinical features had the following prevalence in the elderly: acute 

urticaria/angioedema – 2.17%, by self-report (3.93% in adults) and 0.87%, after SR + SPT 

(2.95% in adults); abdominal symptoms – 0.43%, by self-report (0.66% in adults) and 

0.43%, by SR + SPT (0.33% in adults); respiratory – 0.43%, by self-report (1.31% in adults) 

and 0.00%, by SR + SPT (0.16% in adults); OAS – 1.30%, by self-report (1.15% in adults) 

and 0.43%, by SR + SPT (0.33% in adults); ocular – 0.43%, by self-report (0.49% in adults) 

and 0.00%, by SR + SPT (0.00% in adults); anaphylaxis – 0.00%, by self-report (0.00% in 

adults) and 0.00%, by SR + SPT (0.16% in adults); other – 0.00%, by self-report (0.82% in 

adults) and 0.00%, by SR + SPT (0.16% in adults). 

 

Table 31. Clinical characteristics of food allergy (%) for each method of outcome assessment, in each age 
subgroup.  

 
Clinical 
characteristics 

Method of 
outcome 
assessment 

60+ 18-59 

Acute 
urticaria/angioedema 

Only SR 2.17 3.93 
SR + SPT 0.87 2.95 

Abdominal  
symptoms 

Only SR 0.43 0.66 
SR + SPT 0.43 0.33 

Respiratory Only SR 0.43 1.31 
SR + SPT 0.00 0.16 

OAS Only SR 1.30 1.15 
SR + SPT 0.43 0.33 

Ocular Only SR 0.43 0.49 
SR + SPT 0.00 0.00 

Anaphylaxis Only SR 0.00 0.00 
SR + SPT 0.00 0.16 

Other symptoms Only SR 0.00 0.82 
SR + SPT 0.00 0.16 
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3.5.6. Predominant foods associated with food allergy 

In spite of the heterogeneity of study methods across reports, we can describe the specific 

foods predominantly reported or associated with allergic reactions in the elderly. Regarding 

self-report, the most frequently involved foodstuffs were fresh fruits and milk. Regarding 

SR + specific IgE, it was nuts and milk. Regarding SPT and OFC, results were only reported 

in one study (115). 

 

3.5.7. Time trends in the frequency of food allergy 

Of all included studies, only two (120,121) allowed inferring time trends in the frequency of 

food allergy in elderly patients, but only for specific foods (nuts). In this context, the overall 

prevalence of peanut and tree nut allergy remained relatively the same in the elderly (above 

61 years of age) over the course of six years (from 2002 to 2008). Specifically, SR-based 

prevalence for any nuts was 1.6% in 2002 and 1.3% in 2008; for peanut, it was 0.5% in 2002 

and 0.7% in 2008 and for other nuts, it was 0.7% in 2002 and 0.4% in 2008. No other time 

trends were found in our analysis. 

 

3.5.8. Geographical trends  

The ten studies included in the systematic review were conducted in five European countries 

- Finland, Portugal, Poland, Sweden, and the United Kingdom - and one North American 

country - United States of America. Taking into account only the studies that focused on 

allergy to any foodstuff, values varied between higher values - 18,98%, in Sweden (114) and 

in the US (18,77%, in 2019 (117) and 9,59% in 2007 (60)), and lower values - 4,35%, in 

Portugal (115) and 4,20%, in the UK (116). Lower values were also seen in a Polish study, 

but this report only focused on centenarians (118). The difference in values observed within 

the US may have to do with differences in sample size (10,838 elderly individuals in Gupta’s 

study and only 991 elderly individuals in Vierk’s study (60,117)), besides having been carried 

out with a 12 year difference (2019 versus 2007). However, overall, due to the heterogeneity 

of study methods across reports, we were unable to adequately calculate whether there were 

significant geographical differences in the prevalence of food allergy in elderly individuals, 

either in general terms or in terms of specific foods. 

 

3.5.9. Risk and prognostic factors for food allergy 

Of the 10 studies included in the systematic review, the data were embedded in the adult 

sample, and none focused on risk or prognostic factors for food allergy in the elderly, and 

therefore we were unable to calculate whether such an association can be made for any 

specific disease, condition or lifestyle. 
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3.5.10. Meta-analysis 

Nine studies were included in the meta-analysis (113–121) with a total of six food groups 

analyzed – fish, fruits, milk and dairy products (milk), nuts, peanuts and seafood. One study 

(60) was only used in the systematic review, and not in the meta-analysis, since the available 

data did not show which foodstuffs were involved in the reactions developed by the elderly 

individuals. (Figure 18). 

 

 

Fish: τ2=0.163, χ2=7.218, df=3, p=0.065, I2=58.440% 
Fruits: τ2=5.812, χ2=167.138, df=3, p<0.001, I2=98.205% 
Milk: τ2=1.037, χ2=70.880, df=4, p<0.001, I2=94.357% 

Nuts: τ2=2.028, χ2=202.605, df=4, p<0.001, I2=98.026% 
Peanuts: τ2=0.207, χ2=17.811, df=4, p=0.001, I2=77.542% 
Shellfish: τ2=0.000, χ2=2.125, df=3, p=0.547, I2=0.000% 

Overall: τ2=1.032, χ2=825.992, df=25, p<0.001, I2=96.973% 

 
Figure 18. Forest plot for the pooled prevalence of self-reported food allergy for each food type 
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A random-effects meta-analysis was performed for the self-reported food allergy to estimate 

the prevalence of each specific food group, as previously mentioned (Table 32). Also, a 

pooled prevalence of the self-reported food allergy was estimated using the inverse variance 

method. Confidence intervals (CI) for each prevalence were taken at 95%. Statistical 

heterogeneity between studies was assessed by Cochran’s Q test and by I2 index (p<0.05 

considered statistically significant).  

 

Table 32. Self-reported food allergy prevalence. Random-effects meta-analysis  

 

Fish 

  Number of studies 4 

  Number of participants 15825 

  Prevalence (%) (95% CI) 0.4 (0.3 – 0.7) 

  

Fruits 

  Number of studies 4 

  Number of participants 3743 

  Prevalence (%) (95% CI) 1.6 (0.1 – 15.9) 

  

Milk 

  Number of studies 5 

  Number of participants 14381 

  Prevalence (%) (95% CI) 1.8 (0.7 – 4.7) 

  

Nuts 

  Number of studies 5 

  Number of participants 18842 

  Prevalence (%) (95% CI) 1.0 (0.3 – 3.5) 

  

Peanuts 

  Number of studies 5 

  Number of participants 18842 

  Prevalence (%) (95% CI) 0.7 (0.4 – 1.1) 

 

Seafood 

  Number of studies 4 

  Number of participants 13277 

  Prevalence (%) (95% CI) 2.6 (2.3 – 2.9) 

  

Overall 

  Number of studies 9 

  Number of participants 21349 

  Prevalence (%) (95% CI) 2.3 (2.1 – 2.5) 
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There was great heterogeneity between studies for each food group, with the lowest values 

occurring for shellfish (I2=0.000%) and the highest for fruits (I2=98.205%). For a better 

understanding of this clear heterogeneity, a sensitivity analysis was performed for each 

specific food group, which consisted of removing one study at a time in order to evaluate 

the sources of heterogeneity (Figures 19-23). Statistical analysis was performed using 

Comprehensive Meta-Analysis, version 3.3.  

 

 
 

 
Fish (without Gupta 2019 study (117)): τ2=0.038, χ2=2.331, df=2, p=0.312, I2=14.218% 

 

 
Figure 19. Sensitivity analysis (one study removed) of the random effects’ meta-analysis for prevalence of self-

reported fish allergy. 

 
 
 

 
Fruits (without Rentzos 2019 study (114)): τ2=0.580, χ2=6.909, df=2, p=0.032, I2=71.052% 

Fruits (without Rentzos 2019 and Mossakowska 2008 studies (114,118)): τ2=0.000, χ2=0.002, df=1, p=0.967, 

I2=0.000% 

 

Figure 20. Sensitivity analysis (one study removed) of the random effects’ meta-analysis for prevalence of self-

reported fruit allergy 

 

Study name Event rate (95% CI) 

with study removedLower Upper 
Point limit limit

Sicherer 2004-II 0,005 0,003 0,009

Emmett 1999-I 0,005 0,003 0,009

Lozoya 2016-II 0,004 0,002 0,007

Gupta 2019-V 0,003 0,002 0,006

0,004 0,003 0,007

-0,02-0,01 0,00 0,01 0,02

Prevalence

Study name Event rate (95% CI) 

with study removedLower Upper 
Point limit limit

Mossakowska 2008 0,016 0,001 0,276

Emmett 1999-V 0,028 0,003 0,215

Lozoya 2016-III 0,024 0,002 0,282

Rentzos 2019-II 0,007 0,002 0,020

0,016 0,001 0,159

-0,30 -0,15 0,00 0,15 0,30

Prevalence
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Milk (without Isolauri 2004 study (113)): τ2=0.404, χ2=21.235, df=3, p<0.001, I2=85.876% 
Milk (without Isolauri 2004 and Gupta 2019 studies (113,117)): τ2=0.000, χ2=1.322, df=2, p=0.516, I2=0.000% 

 
Figure 21: Sensitivity analysis (one study removed) of the random effects’ meta-analysis for prevalence of self-

reported milk allergy. 

 

 

 

 

Peanuts (without Rentzos 2019 study (117)): τ2=0.117, χ2=9.638, df=3, p=0.022, I2=68.873% 
Peanuts (without Rentzos 2019 and Gupta 2019 studies (114,117)): τ2=0.075, χ2=3.593, df=2, p=0.116, 

I2=44.342% 
 

Figure 22: Sensitivity analysis (one study removed) of the random effects’ meta-analysis for prevalence of self-
reported peanut allergy. 

 
 

 

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit

Emmett 1999-VI 0,007 0,004 0,011

Lozoya 2016-IV 0,004 0,001 0,030

Rentzos 2019-V 0,012 0,005 0,032

Isolauri 2004 0,130 0,077 0,211

Gupta 2019-II 0,019 0,017 0,022

0,018 0,007 0,047

-0,05 -0,03 0,00 0,03 0,05

Prevalence

Study name Event rate (95% CI) 

with study removed
Lower Upper 

Point limit limit

Sicherer 2003-II 0,007 0,004 0,013

Sicherer 2010-II 0,007 0,004 0,013

Emmett 1999-III 0,008 0,005 0,013

Rentzos 2019-IV 0,006 0,004 0,008

Gupta 2019-IV 0,006 0,003 0,013

0,007 0,004 0,011

-0,05 -0,03 0,00 0,03 0,05

Prevalence
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Multiple sources of heterogeneity 
 
 

Figure 23: Sensitivity analysis (one study removed) of the random effects’ meta-analysis for prevalence of self-

reported nut allergy. 

 

After performing sensitivity analysis, we identified several sources of heterogeneity in the 

data provided by the articles included in the meta-analysis, resulting in an evident 

dispersion of the results in each foodstuff group. Thus, we identified an author in the fish 

group (117), two authors in each of the other groups: fruits (114,118), milk (113,117) and 

peanuts (114,117), as well as all authors in the nut group (114,116,117,120,121). 

 

 

 

 

 

 

 

 

 

 

 

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit

Sicherer 2003-I 0,012 0,008 0,018

Sicherer 2010-I 0,006 0,004 0,010

Emmett 1999-II 0,002 0,001 0,005

Rentzos 2019-III 0,099 0,072 0,137

Gupta 2019-III 0,006 0,005 0,008

0,010 0,003 0,035

-0,05 -0,03 0,00 0,03 0,05

Prevalence
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4. Discussion 

 

 

4.1. Overall considerations 

In the present study, for the first time, we determined and characterised adverse food 

reactions and food allergy in a population of Portuguese adults and adolescents. For this 

purpose, we developed a questionnaire as a screening tool, and after its application and 

subsequent, thorough, study of participating volunteers in a hospital, we were able to 

determine the prevalence values of adverse food reactions and food allergy in a stepwise 

manner, based on self-reported history, clinical, laboratory and food challenges. 

On the other hand, we also conducted a systematic review on food allergy in elderly 

individuals, which provided us with better understanding of this pathology in an age group 

that is under studied. Discussion and contextualisation of our findings will be described 

next. 

 

 

4.2. Validation of a questionnaire  

We developed and analysed in terms of face, content and construct (know-group) validity 

and reliability (temporal stability), for the first time in the Portuguese language, a screening 

questionnaire of adverse food reactions in the general adult population. This questionnaire 

was rapid and easily applicable, and showed excellent known-group validity, as well as a 

high degree of temporal stability. On the other hand, there was no variability in results when 

gender, age and extra-hospital referral source of the volunteers were taken into account. In 

addition, Spearman’s Rho correlation coefficient did not show significant differences across 

Health Care Centres where control, healthy volunteers were recruited.  

 

Although, after the pilot study, we only analysed 126 volunteers (60 randomly selected 

healthy controls and 66 patients with confirmed food allergies), this number is well within 

what is accepted as an appropriate sample size for this type of studies. In fact, our ratio of 

subjects / items (N/p) was 4.5, which is above the minimum requirement of a ratio of 3 (74) 

and, furthermore, the minimum number of volunteers (n=126) was also above the 

recommended minimum of 50 (74).  

 

For the assessment of the questionnaire, we studied reproducibility (test-retest stability) of 

the questionnaire, which was very high in global terms, as expressed in Spearman’s Rho 
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values of 0.80. Furthermore, reproducibility of specific items showed Cohen’s Kappa values 

greater than 0.80 for most items, which is very good given the number of analysed items 

(73,122). However, again items 12: "time elapsed since the previous episode", 11:"existence 

previous episodes of food allergy", item 15: "personal history of atopy" and 17: “Would you 

want to be followed up at specialty clinic?” significantly varied with time, between test and 

retest.  This may have been due to memory bias, as reported by other studies (123), or may 

have been due to the fact that volunteers might not be aware of the co-existence of other 

allergic diseases in them or did not report them either during test or re-test phase.  In 

addition, in the case of item 12, discrepancy may arise from the fact that adverse food 

reactions may develop between test and retest, as a result of accidental exposure (108,124), 

as actually happened in a minor proportion of the patients, or inversely by development of 

tolerance (109). In addition, volunteers with food allergies may develop novel reactions to 

new foodstuffs not mentioned in the first test, as may happen with patients sensitised to 

various food families (fruits, fish, seafood, egg, milk, etc) (124,125) thereby potentially 

affecting items 11 and 12, but apparently without a clear relationship with item 15 (“Do you 

have any other allergic disease?”) and 17 (“Would you want to be followed up at specialty 

clinic?”). 

 

Low temporal stability was found for items 15 and 17, (“Do you have any other allergic 

disease?” and “Would you want to be followed up at specialty clinic?”), with a value for 

Cohen´s Kappa of 0.441 and 0.296 respectively (Table 9). This may have been due to the 

fact that a proportion of patients either became aware that they had an allergic disease or 

had a confirmed diagnosis of allergic disease between test and retest, as was observed in 

some cases. On the other hand, since patients were already being followed up at a clinic and 

the remainders of the volunteers were healthy, this may have been associated with 

confusion regarding the need to be re-evaluated. Finally, the low temporal stability may also 

have been due to a memory bias as previously referred, since it was not possible to analyse 

this item separately from the variability between groups (healthy controls versus patients 

with food allergies) using Spearman’s coefficient, given the relatively limited size of the 

sample. In spite of these aforementioned factors potentially affecting the “8 crucial 

questions” (items 5,9,11-15,17), six of these questions maintained an optimal degree of 

temporal stability which afforded the whole of the test a high level of reproducibility.  

 

 

In our study, although most patients were retested within two weeks of the initial test, there 

was high amplitude of time intervals, with a few of the patients being retested after 30 

weeks. We acknowledge that this may be a limitation of our study since current guidelines 

for the performance of this type of studies state that the ideal interval should be between 4 
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weeks and 6 months (ideally between 15 and 45 days) (126–128). Nevertheless, our study 

followed COSMIN guidelines (129), and allowed the study of reliability (internal consistency 

and some aspects of reliability).  

 

 

One important feature of our screening questionnaire is the fact that it is short and quick to 

apply. This is highly relevant to its application in clinical settings as well as in studies 

involving large samples, since it has been shown that volunteers’ attention time span 

decreases as the length of a questionnaire increases (130). In addition, our questionnaire 

adequately discriminated patients with confirmed food allergies from those without food 

allergies. It also discriminated between patients with IgE-mediated food allergies (n=22) 

from those with non-IgE-mediated food allergies, on the basis of item 8. However, the latter 

group only included two patients and this is a limitation of our study. 

 

 

Our study had other limitations. Firstly, it is a pilot study that needs a larger sample to 

improve its performance and applicability. Secondly, due to the type of questions being 

asked, and the format of replies, it was not possible to carry out internal stability 

procedures. Finally, it needs to be further studied, with a higher sample, in terms of its limits 

for discriminating between classical IgE-mediated and non-IgE-mediated food allergies. 

 

 

In spite of the limitations, our study also has new and consistent results. Firstly, our results 

do suggest that this screening questionnaire is essentially useful for screening of food 

allergies in cross-sectional studies but may need to be optimized for the follow-up of 

patients over time. Furthermore, this questionnaire is the first one developed and validated 

in the Portuguese language for adults with food allergies and we believe it may be applied 

in all Portuguese speaking countries worldwide (250 million people). In addition, our 

questionnaire is simple and quickly applicable and is also fully based upon accepted criteria 

for a sensitive collection of the clinical history of food allergies (13,110). We also believe that 

it is easily adaptable to other languages, particularly because not many clinical screening 

questionnaires are available for the study of adverse food reactions as an initial approach to 

the investigation of food allergy in adults. 
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4.3. Prevalence of probable food allergy in adults and 

adolescents 

 

We have shown that the prevalence of probable food allergies in our two populations is low, 

with cutaneous symptoms being the most frequently ones involved. Otherwise, we found an 

interesting difference in foodstuffs involved in both populations. Whereas in adolescents, 

fresh fruit, shellfish and nuts were the most frequently involved foods, in adults, shellfish, 

fish, peanut and nuts featured more prominently (Table 16). 

 

The initial, written questionnaire, showed that the values of self-reported food allergy 

(11.01% in adolescents and 6% in adults, phone-called applied) were within values reported 

in other population-based studies - 3-40% in adolescents 

(46,47,48,49,51,55,81,109,131,132,133) and 3-19% in adults (46,47,49,53,55,58,60,109).  

Similarly, the values obtained in our study for the prevalence of probable food allergy in 

adolescents (1.41%) and adults (1%) were similar to those reported in the US and North 

America (2,5% in the first case and 1-10% in the second one)(4,85), and in Europe (0.5%-

3.5% in adolescents and 0.3-5.6 in adults) (47,51,53,57,109,133), although the latter values 

were obtained after performance of single or double-blind oral challenge tests 

(47,48,50,53,109,133,134). 

 

This discrepancy in prevalence results between self-reported and medically confirmed data 

(using in vitro and in vivo tests and/or oral challenge) has been described. In fact, previous 

studies have shown that self-reports tend to overestimate food allergies (46-

48,50,51,53,55,57,60,109,133,135). Curiously, in a study carried out in Canadian adults, no 

significant differences were observed between self-reported symptoms with a set of 5 foods 

(80) and the subsequent confirmation of food allergies (81), but the methodology used was 

certainly different.  

 

In any case, most studies have shown that self-reported symptoms tend to overestimate the 

prevalence of food allergies, and suggest that this may be partly explained by a bias in self 

perception of symptoms and wrongly ascribing them to food ingestion. Cultural factors, 

health literacy or accessibility to a medical diagnosis may be involved (51,133), since, in our 

study, only 16% of adolescents and adults that reported food-associated symptoms had ever 

seen an Allergist for that reason, in line with values observed by Lyons et al. (53) in other 

European countries. Nevertheless, prevalence values across different studies are hardly 

comparable, given the heterogeneity of study designs and the types of population involved. 

In any case, the overestimation of self-reported food-related adverse food reactions may be 
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worrying since it is frequently associated with inappropriate restriction diets with 

subsequent nutritional deficits (5). 

 

The implicated foods, both in self-reported allergies as well as in test-confirmed, probable 

food allergies, in our study are included in the so-called “big eight allergens” (60) – milk, 

egg, peanut, tree nuts, wheat, soy, fish and shellfish (83) and are similar to those found in 

other population-based studies using similar methodology in Europe (9,47,48–

50,53,55,57,58,61,136–138), Asia (135,139), the US (13,42,60,80,83,85,132) and in other 

geographically similar areas (81,133).  

 

With respect to our adult population, most frequently implicated foods (seafood, fresh fruits 

and fish) were similar to those found in previous studies (49,53,55), but interestingly, in our 

adolescent population, we observed that fresh fruits were the most frequently implicated 

foods places our study in line with those performed in western and Mediterranean Europe 

(49,50,55), but not with those from northern Europe, North America 

(9,13,47,48,61,80,81,85,140) or, surprisingly, the eastern Mediterranean Europe (133), 

probably due to differences in study methodology.  

In fact, these differences may be partly due to cultural differences in food habits(135) or 

concurrent pollen sensitisation, although we cannot exclude the posibility that the 

comparatively smaller size of our sample may have influenced our results.  

It is indeed possible that different dietary habits between both age groups, as has been 

reported in other Mediterranean countries (141–143), may have influenced our findings 

regarding differences in the most frequently involved foods in triggering symptoms.  

Nevertheless, our population values of prevalence of food adverse reactions by diagnostic 

criteria, foodstuffs and ages, are well within the previously observed ranges reported in 

systematic reviews and meta-analysed (46,47). 

  

In addition, it is also fundamental to stress that, in contrast with our study, OAS is often not 

regarded as a symptom of food allergy, since it is frequently associated with pollen-induced 

respiratory symptoms in the same patient, as happened in our study, and is therefore 

regarded as a “secondary allergy” by various research groups (61,62,111,134). Nevertheless, 

recent investigations do not rule out the association between this manifestation and the 

onset of future episodes of food anaphylaxis (44). Thus, even if only for this reason, the 

identification of OAS in patients is readily justified. 

 

It is also important to highlight the discrepancy between the panels of implicated foods 

when we compared self-reported results with those obtained upon completion of the allergy 

study. Whereas the self-reported panel mainly included fresh fruits, milk and shellfish in 
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adolescents, and shellfish, fresh fruits and fish in adults, the confirmed (post-tests) panel 

essentially identified fresh fruit, shellfish and nuts in the first case and shellfish, fish, peanut 

and nuts in adults (Tables 11, 12 and 16). Other studies also identified similar situations in 

adolescents in Europe (49,51,55,61,134) and in adults worldwide (49,55,61,111). This fact 

has additionally been confirmed by various meta-analyses (46,47,62), having such 

discrepancies been partly ascribed to differences in the concept of adverse food reactions 

between patients and the immunologically-based “allergy” diagnosed by allergist doctors. 

This highlights the need for an adequate diagnostic approach to food-associated symptoms, 

so that subsequent detrimental situations may be averted or better controlled (144). These 

observations stress the need for an adequate diagnostic approach in order to avoid 

inadequate diets (5,6),  difficulties in the reintroduction of the “culprit” food in case allergy 

was not confirmed (145), stress and anxiety because of eventual accidental ingestion of 

suspected foods (6,7,146–150),  or even bullying at school (151). 

 

Cutaneous symptoms were the most prevalent ones in the two age group populations of our 

study, both in self-report and in those volunteers who completed the full allergy workup. as 

has been previously described by most other groups 

(13,19,42,47,49,55,58,60,61,80,83,85,111,134,138,152), although that was not the case in a 

questionnaire-based study in adults in the UK (54) and in other 8 european countries (53). 

However, in the latter studies, only a limited repertoire of foods was analysed, which may 

explain the observed discrepancies. 

 

An interesting aspect of our work involved data obtained from self-reported symptoms. In 

this context, we found several positive associations between the ingestion of certain foods 

and the development of certain symptoms, with differences being observed between 

adolescents and adults. In the former, we found that fresh fruits, milk and egg were 

associated with cutaneous manifestations, shellfish was related to abdominal symptoms, 

fresh fruits were reported in connection with OAS, and nuts and peanuts were associated 

with anaphylaxis, associations which, with the exception of the latter two, had not been 

previously reported (13,44,49). On the other hand, in our adult population, shellfish, fruits 

and fish were associated with cutaneous manifestations and OAS, and shellfish and fruit 

were most frequently associated with respiratory and abdominal symptoms. Fish and 

shellfish were the most frequent triggers of single and more severe episodes (mostly 

involving respiratory symptoms). Although several studies carried out in different 

European countries and in the US showed that the most frequent symptoms related to food 

ingestion were cutaneous (13,42,47,49,55,58,60,61,80,85,111,134,138,153) and 

gastrointestinal (53), such studies do not discriminate what type of food causes these 
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symptoms. Thus, our work is the only one where the existence of an association between 

the developed symptoms related to the ingestion of certain foodstuffs is clearly reported.  

However, we must consider these data with caution, because it is known that foods may be 

a trigger for underlying diseases, especially atopic dermatitis, but also rhinoconjunctivitis 

and asthma, in areas of high prevalence of pollinosis (41), as is the case of our region. This 

situation could explain the high number of cases that developed cutaneous symptoms and 

OAS in our work, regardless of the causal foodstuffs that were mainly found as the cause of 

adverse food reactions in other studies (13,42,47–50,53,55,60,61,80,81,83–

85,111,132,133,135–139). Although Sicherer et al. found, in a large sample of about 15,000 

participants in a US telephone interview-based study, that gastrointestinal and cutaneous 

symptoms were the most prevalent self-reported symptoms upon ingestion of seafood and 

fish (153), such information may have been biased since it was only based on self-diagnosis. 

Furthermore, self-report makes it difficult ot differentiate between toxin infection and "food 

allergy", which could explain the relationship between ingestion of shellfish and fish and 

gastrointestinal symptoms (152). It is also accepted that tree nuts and peanut are the most 

common causes of food-induced anaphylaxis, due to the higher prevalence of nut allergies, 

and seafood (fish and shellfish included) is increasely seen as a frequent trigger in adults 

and adolescents (44,49). In any case, having shown an association between specific 

foodstuffs and types of symptoms, makes our work much more interesting and novel and 

warrants further studies, in other populations, to confirm our findings. 

 

 

Bearing in mind the timeframe for the appearance of symptoms, we found two predominant 

response patterns, previously identified by Osterballe (61): an immediate type of reaction, 

arising in less than 30 minutes post-ingestion, mainly associated with fresh fruits and milk 

in teenagers, and shellfish, fresh fruits and fish in adults; and a more delayed, between 2 

and 24 hours post-ingestion, mainly associated with fresh fruits and milk in adolescents 

and shellfish in adults. The reason underlying this difference is not clear, although it may 

have been due to discrepant IgE-binding capacity of B cell epitopes on different food 

allergens (154). 

 

 

In volunteers with confirmed probable food allergy, we also found an inverse relationship 

between symptom latency time and severity, and a positive association between latency 

time and probable mediation by IgE. It should be stressed that the six non-IgE mediated 

cases (three in each population type), had a latency time between 2 and 24 hours upon 

ingestion, and one of them, with a latency time greater than 24 hours. Most of the IgE-

mediated cases had developed within 30 minutes upon ingestion. In addition, anaphylaxis 
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cases were all associated with the ingestion of nuts and peanut in adolescents and with 

seafood in adults. This is in line with tree nuts, peanut and seafood being the most common 

causes of food-induced anaphylaxis in adults and adolescents (44). On the other hand, the 

inverse relationship observed between the length of time interval between ingestion of food 

and the onset and severity of symptoms is thought to be important in clinical practice. 

Severe reactions tend to  occur rapidly after ingestion of the culprit foodstuff (45), although 

the reason for this phenomenon is not fully clear. Although the role of serum levels of food-

specific IgE in severity of reactions is not clear (45), individuals with more severe reactions 

tend to have an IgE-mediated mechanism (44). In any case, it is widely accepted that acute 

reactions appear to be due to an IgE-mediated mechanism, while in delayed ones, the 

causative mechanisms may be different one, and are not yet well defined (152). 

 

 

We also analysed eventual risk factors associated with the development of food allergies. 

Multivariate analysis showed that a personal or a family history of atopy were significantly 

associated with a higher risk of having food allergies, as has been described in previous 

studies and metanalyses focusing on adults (2,13,155), adolescents and children 

(2,13,47,48,152,155,156). However, these results should be tanken cautiously since this was 

a cross-sectional study, and not a prospective, cohort one. 

 

 

One of the limitations of the present study was the fact that we could not perform double 

blind, placebo-controlled food challenges, a test which is regarded as the “gold standard” 

for the final diagnosis of food allergy. In spite of this, the current report is the first 

population-based study in a Portuguese population, including adolescents and adults. 

Furthermore, it yields information on probable food allergy in this population, based upon 

not only a positive clinical history/questionnaire, but also the application of a new, validated 

questionnaire, on diagnostic tests including SPT, food-specific IgE levels and open oral food 

challenges, which makes it a very thorough study. In fact, a high proportion of population-

based studies on food allergies, performed in other countries, only applied a questionnaire 

(49,60,61,80,81,134,153), and few others only performed cutaneous tests or determination 

of food-specific serum IgE in suspect cases of food allergy (50,84,131,135). We only found a 

multicentre population-based study conducted in eight European countries, where a 

methodology similar to ours (validated common questionnaire applied, referring cases with 

adverse food reactions to the hospital centers for subsequent allergenic study, including 

DBPCFC) was applied (53). This study showed similar self-report and probable food allergy 

prevalence values as ours, althought it differs in the type of symptoms and implied 

foodstuffs involved. This discrepancy may be due to such study having used a questionnaire 
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with fewer questions directly related to food adverse reactions (only 7 out 9 questions). It 

may also be due to the fact that it only assessed “nine priority foods” in the subsequent 

phases of the allergy study. Finally, it also had a higher drop-out rate of adult volunteers 

when compared with our study (57% vs 25%, respectively). Thus, we believe we should 

consider a higher accuracy of our study, although we did not performance DBPCFC. 

 

 

Another possible limitation of our study concerns the fact that 25.1% of the adolescents who 

reported adverse food reactions did not complete the study, which is partly explained by the 

clear national increase in the “Healthcare service usage” fees, during the implementation of 

the study (157,158). In addition, an increase in unstable employment during the period of 

the study limited absences from work by parents accompanying the adolescents in hospital 

visits (159).  Nevertheless, this situation did not occur in the adult population sample, where 

we were able to obtain information from most (75%) of those individuals who had reported 

a food allergy, indicating that our study was associated with a relatively low drop out rate in 

this age group, which might, otherwise, be a limiting factor, as previously referred. A 

relatively high drop-out rate and low participation is indeed a limiting factor in population-

based epidemiological studies, and has been reported in multiple studies, with the reply rate 

being inversely associated with the magnitude of the study. The reply rate has varied, in 

various studies, between 40-50% (48,55,61,134) and 61-86% (49,51,131) in children and 

teenagers, and between 31-67% (55,61,153) in adults when studies are only based upon 

questionnaires and it is lower (55,134) when a more thorough assessment (skin tests, blood 

tests, food challenges) is involved. The only exception was a Turkish study in children, 

which is the only exception we found, and in which the reply rate was very similar both to 

the questionnaire and in the subsequent investigation phase (89.3% and 80.5%, 

respectively) (133). Nevertheless, our reply rate was quite acceptable for this type of studies 

(57.3% in adolescents and 67% in adults). In spite of the relative limitations in our study, 

the size of our sample and the features of our work reached the predefined values in terms 

of statistical power, representativity and proportionality for analysis. Relatively low reply 

rates may also lead to a selection bias, with mainly people who are more concerned about 

allergy problems being more prone to returning the questionnaire. However, if this were 

the case, we would expect to find high self-report prevalence rates, in comparison with other 

studies, and this was not the case.  
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4.4. Prevalence of probable food allergy in the elderly 

 

To the best of our knowledge, this is the first systematic review specifically focusing on food 

allergy in elderly individuals (over 60 years old). Overall, very few studies addressing this 

issue were detected and, in most cases, results were embedded in general results for adults, 

which forced us to contact the authors, in order to retrieve data from the elderly subgroup. 

 

A wide spectrum of “food allergy” definitions was found throughout many of the published 

studies, with most simply relying on self-report and only a few, using double-blind placebo-

controlled food-challenge (DBPCFC), the “golden standard” for the diagnosis of food 

allergy.  

 

The use of self-report is, by itself, a confounding factor, because it depends on an 

information bias from the surveyed person as well and mainly as on the type and 

methodology used in the applied questionnaire, leading to an under- or, more frequently, 

an overestimation of food allergy prevalence. On the other hand, in those cases in which 

complementary data - in vivo (SPT) or in vitro (food-specific IgE levels) - were used in 

addition to self-report, data suggesting a “probable” and not a “definitive” food allergy were 

seldomly provided, because oral food challenges were not carried out in several cases. A 

study by Rentzos et al (114) only measured positive food-specific IgE levels to estimate the 

prevalence of food allergy in a general population, but not reporting whether the study 

volunteers had any symptoms or a medical diagnosis of food allergy. Nevertheless, this 

method cannot assess food allergy but merely food sensitization (13). In addition, one study, 

where the elderly population was studied in detail, provided a high prevalence value of food 

allergy. However, these values were based on positive results of SPT and sIgE of 

aeroallergens and food allergens together (160). In this study, the authors did not 

differentiate between both types of allergen sources, thereby resulting in very high, but 

inaccurate food allergy prevalence values, and, therefore, we did not include this study in 

the systematic review or meta-analysis. On the other hand, some authors also considered 

the existence of volunteers with concurrent sensitization to various foods (114,115,117) 

without clarifying how many sensitizations corresponded to each volunteer, which may 

have led to an overestimation of prevalence values. In addition, Vierk et al (60), considered 

that not all cases in which gastrointestinal symptoms appeared were allergic, but only 

intolerant. In any case, we found an overall strong bias rating in our investigation depending 

on the methodology used in the different studies. 
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Overall, we encountered a significant lack of information regarding elderly patients in most 

studies. For example, five studies (113–117) reporting clinical manifestations and prognostic 

factors associated with the onset of food allergy in the overall adult population were found, 

but only one author (115) provided discriminated data about the elderly subjects’ results, 

information that we used for our work. This was a limitation in terms of global assessment 

of the investigation of these parameters. 

 

In addition, although three previous systematic reviews (4,46,47) carried out a thorough 

epidemiological study about food allergy, focusing upon differences between children and 

adults, again these reports failed to analyze results in the elderly subgroup, thereby making 

it impossible to comparison those results with our own. 

 

In our systematic review, the overall pooled point prevalence of self-reported symptoms 

found in the elderly was lower than those found in non-elderly adults, but higher than those 

in children (6.46% Vs 8.25% and 2.50%, respectively). When self-report symptoms were 

combined with specific food allergy IgE levels these values were lower when compared with 

the other age groups (6.95% Vs 10.53% and 9%). This differs greatly from the results in a 

study from Nwaru el al (47), who reported a higher prevalence in the children subgroup in 

both type of studies, being much higher in those that combined self-report and specific food 

allergy IgE levels. One explanation for the different results may be the great heterogeneity 

across studies analysed in our investigation, as well as in the three previously mentioned 

systematic reviews in adult food allergy (4,46,47), a fact that has been stated by these 

authors in the discussion of their results in meta-analyses and systematic reviews. 

 

In our work, we studied the heterogeneity of the data contained in the different articles, not 

only within each article, but also among the different selected articles. Firstly, we noted the 

existence of differences in the selection of the subject samples, the operational definition of 

food allergy as previously referred, specific foods that were analysed and the methods of 

outcome assessment. Even in studies in which the same foods were analysed, or the same 

method of outcome assessment was used, such as self-report, for instance, not all 

questionnaires were validated by a group of specialists in the diagnosis of food allergies 

(118), and therefore not all questionnaires asked the same questions or focused on the same 

aspects. Additionally, some studies went beyond questionnaires and underwent sequential 

steps for the confirmation of probable food allergy (113–115) such as the measurement of 

food-specific IgE levels or SPT, although none used DBPCFC, the gold-standard for 

definitive diagnosis. 
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Secondly, during the meta-analysis procedure in self-report studies, we showed that, in 

addition to the reasons listed above, some articles were in themselves, causes of data 

spreading due to their heterogeneity within each foodstuff group. This fact made it difficult 

to compare the different prevalence values.  

 

We must take into consideration that most of the publications reviewed merely relied on 

self-report, some used self-report toghether with in vivo and/or in vitro tests (food-specific 

IgE levels or SPT) and only a few reported challenge tests, more frequently oral food 

challenge and rarely DBPCFC (the gold standard for food allergy diagnosis). In any case, we 

found an important agreement between our results and several conclusions from the three 

previously mentioned reviews (4,46,47).  

 

While in our work we found that food allergy prevalence outlined in studies based only on 

self-report was lower than that in those combining self-report and in vivo or in vitro tests 

(food-specific IgE levels or SPT), this is in disagreement with Nwaru et al (47), who observed 

a lower prevalence in those studies which used only self-report (5.9%) than those combining 

self-report with food specific IgE levels (2.7%) or SPT (1.5%). This interesting and 

unexpected disparity should be interpreted with caution. When we compare all studies 

where prevalence was only determined by self-report with those that were methodologically 

more thorough, we can see that the pooled sample size of individuals of the former – 21,678, 

with mean ranging from 301 to 10,839 (60,116–118,120,121,153) – was much higher than 

that of the latter – pooled size of 662 elderly individuals, mean of 220 individuals; range 

from 100 to 332 (113–115) -. Thus, the relative weight of prevalence values of the former 

studies is higher than that of the latter ones, which may have biased the results. 

In addition, calculation of prevalence of food allergy value based upon self-report took into 

account all ten selected studies, whereas determination of prevalence in reports that also 

used in vitro or in vivo tests could only be based on fewer studies, thereby resulting a drastic 

decrease in sample size. 

 

However, it is very important to state that, in the three studies that performed a thorough 

allergy workup (113–115), the expected decrease in prevalence values can be seen as 

diagnostic rigour increases (ie. just self-report; self-report plus SPT/SPPT and/or specific 

IgE; self-report plus SPT/SPPT and/or specific IgE plus oral food challenge) as was 

described in adults and children (4,46,47,55,57,60). 
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We must highlight several strengths in our work, mainly the novelty of the study of food 

allergy prevalence in the elderly population worldwide, based on a systematic review and 

subsequent meta-analysis, which, to the best of our knowledge, is the first systematic review 

of this type on food allergy in this age range. 

 

In addition, several measures and steps were undertaken regarding the comprehensive 

search strategy, selection of electronic databases, absence of language restrictions and the 

overall abstract and full-text selection process, in order to ensure that no relevant studies 

went unseen and also to minimise selection bias. Unlike that of Nwaru et al (47), our 

systematic review did not have any limitations regarding the geographical origin of the 

selected articles, nor their language or date of publication. Additionally, while two previous 

systematic reviews only searched three (46,47) or four (4) electronic databases, we extended 

our research to a total of twelve electronic databases and added a manual search of any 

relevant studies within the references of all articles found.  

 

 

However, our work has some limitations. There was a significant level of difficulty in 

accessing all relevant data within the final selected studies, either because of the way data 

were presented in the articles (with or without confidence intervals and p-values, 

randomised or not), incomplete reports and missing results or because of the ambiguity 

with which data regarding people over 60 years of age were reported (age range not 

mentioned or absence of sample size). Most studies focused solely on the general adult 

population with the inclusion of people over 60 in the total sample of adults. Where this 

happened, the authors were contacted, but very few replied or were able to provide the 

necessary data, which kept us from using possibly relevant studies in our systematic review 

and, with it, reaching more significant conclusions with regard to food allergy in the elderly. 

When contacted authors did reply, a back and forth chain of communication was kept in 

order to maximize the shared data. 

 

 

Furthermore, specific foods studied also varied greatly across studies, thus making it harder 

to assess their actual predominance in food allergy in the elderly. Some studies 

(120,121,153)  limited their assessed foods to specific food groups (seafood or nuts, for 

instance) and therefore may have missed subjects with food allergies other than those they 

were looking for. On the other hand, we did not take into account cultural differences in 

food habits (135) or food availability inherent to our worldwide study that may have 

influenced our results.  
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Finally, due to the low number of studies involving elderly individuals, as well as the 

difficulty in obtaining results from certain authors and the nature of the selected studies, 

we were unable to calculate other aspects that we had initially proposed to address: time 

trends in prevalence of food allergy and related food allergens; predominant foods 

associated with food allergy; most frequent food-induced symptoms; geographical 

variations; food-specific induction of symptoms or risk factors for food allergy; or risk and 

prognostic factors associated with food allergy in the elderly. Most studies either did not 

have the necessary data in their scope of results or, if present, the data did not allow their 

analysis with regards to the elderly, even after contacting the authors.  
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5. Conclusions 
 

 

5.1. Validation of the questionnaire 

We developed, for the first time in the Portuguese language, a screening questionnaire for 

the study of adverse food reactions in adults, which showed high reproducibility and good 

potential to be a useful screening test in potentially different settings. 

 

5.2. Prevalence of probable food allergy in adults and 

adolescents 

The prevalence of probable food allergy in our sample of Portuguese population was low 

(1.41% in adolescents e about 1% in adults). Fresh fruits, shellfish, nuts and peanut were the 

main implicated foods in adolescents, and shellfish and fish in adults.  

 

IgE-mediated probable food allergy occurred in 1.23% of the cases in adolescents and 0.71% 

in adults. The foods mainly involved were fresh fruits, shellfish and nuts in adolescents, and 

shellfish, peanut and nuts in adults.  

Our study confirmed that the foodstuffs spectrum involved are similar to those referred in 

other studies, carried out with similar methodology, in other countries of the Mediterranean 

area, with similar culture and dietary pattern. 

 

The most frequently reported symptoms were cutaneous. There was a clear discrepancy 

between self-reported and probable food allergy, both in terms of prevalence and of the 

implicated foods. This study is the first step towards a thorough study of food allergies and 

their repercussions in our country and may contribute towards a global characterization of 

food allergies in theses ages groups in other western countries.  

 

5.3. Prevalence of probable food allergy in elderly individuals 

In terms of prevalence of food allergy in the elderly, that of self-report (6.46%) was slightly 

lower than that of SR + food-specific IgE levels (6.95% and SR + SPT (1.30%). The overall 

prevalence of food allergy in the elderly was lower than that in non-elderly adults but higher 

than in children for self-report outcome assessment, and lower when compared with the 

other age groups when self-report symptoms were combined with in vitro or in vivo 

outcome assesment, when data were available. 
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Regarding the prevalence of allergy to specific foods in the elderly, in comparison with non-

elderly adults, the former had a higher prevalence of allergy to milk (both SR and IgE), fish 

(only in SR + SPT and SR + OFC) and other foods (SR + IgE). These prevalence values were 

lower to fruits (both SR and SR + SPT), peanuts (both SR and SR + IgE), other nuts (SR + 

IgE and SR + SPT), shellfish (both SR and SPT), fish (only in SR) and other foods (only in 

SR + SPT). When compared with children, the elderly had similar prevalence values of 

allergy to peanuts (SR) and shellfish (SR), higher to other nuts (SR) and fish (SR) and lower 

to milk (both SR and SR + IgE). 

  

Finally, we must point out that there is a significant number of populational studies on 

prevalence of food allergy, worldwide. However, most of them are not focused on 

individuals over 60 years of age, which results in an evident lack of information about 

elderly individuals, who are an increasingly abundant segment of the population. This may 

condition the knowledge of the clinical characteristics, diagnosis, implicated foods, and 

progression of food allergy in these individuals, as well as the development of possible 

preventative measures specifically focused on the elderly population. 
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6. Future plans 
 

Our prevalence study aims to be the basis for a future application of the methodology in our 

country, by implementing the participation of several reference centres at a national level. 

This will increase human and economic resources, thereby overcoming the shortcomings 

that we identified in our work. Furthermore, the questionnaire we used may also be applied 

in other Portuguese speaking countries, even if with some cultural adaptations. 

Collaborative studies are currently underway between Portugal and Brazil in this context. 

 

However, during the development of the present study, new methods of laboratory-based 

diagnosis have been incorporated into the study of food allergies. These essentially include 

the determination of IgE levels against food allergen molecular components (Component-

Resolve Diagnosis) and basophil activation tests (BAT), resources we did not have access 

to, due to lack of funding and which, in a future, more comprehensive study, may also be 

incorporated into the study design, particularly CRD. 

 

Similarly, the design of a multi-centre study, with the inclusion of more experienced and 

prestigious centres, will facilitate the performance of double-blind placebo-controlled food-

challenge, thereby overcoming one of the weaknesses of our study. Such an approach will 

also potentially provide values on food allergy that are closer to reality. In addition, we 

highly recommend that future studies on food allergies use the double-blind placebo-

controlled food-challenge as their definition of food allergy or, if not feasible, food-specific 

IgE levels and skin prick tests, instead of simply using a self-report. 

 

During the systematic review and subsequent meta-analysis, we only found a small number 

of studies dedicated to the investigation of food allergy in the elderly, in contrast to those 

dedicated to the general adult and paediatric populations. This situation makes it difficult 

to have a clear idea of the special characteristics of food allergies in elderly individuals, an 

age group which is becoming increasingly larger not only in developed but also developing 

countries. This problem, far from being an important limitation, opens up a wide range of 

possibilities for research in this area. In fact, an international, multi-centre study on the 

prevalence of food allergy in the elderly is currently being designed, with the active 

participation of our team. 

 

With these approaches we will be able to determine with greater accuracy the real 

prevalence of food allergy in the Portuguese population in its various age groups 

(adolescents, adults and the elderly), and compare it, as well as the clinical and sensitisation 
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features of affected individuals, with the rest of the countries in our surroundings, especially 

those belonging to the Mediterranean region, given its similar climatic, food and cultural 

characteristics. Furthermore, the proposed studies may allow us to be in a better position 

to understand the current impact of food allergy in various populations, and propose a 

diagnostic, therapeutic and preventive strategy, if possible, in this field. 
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8. Appendix 
Appendix I. Questionnaire layouts  

I.1 Questionnaire layout in Google Docs format 
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I.2. Questionnaire layout in printed paper sheet format 
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Appendix II. Deliberations of the studies approval  

II.1. Study approval by the Ethical Committee of the Amato Lusitano 

Hospital  
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II.2. Study approval by the Ethical Committee of the former 

Administrative Sub-Region of Health of Castelo Branco 
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II.3. Study approval by the Ministry of Education 
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Appendix III. Publicizing of the studies in local media  

III.1. Jornal Reconquista, 4 March 2010 
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III.2. Jornal Reconquista, 15 March 2012 
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Appendix IV. Search Strategy 

 

IV.1. Search Strategy I - Database: Ovid MEDLINE(R) In-Process & 
Other Non-Indexed Citations and Ovid MEDLINE(R) 
 
Search Strategy: 
-------------------------------------------------------------------------------- 

1. exp Food Hypersensitivity/ 

2. food hypersensitivit*.mp. 

3. food allerg*.mp. 

4. allergy, food.mp. 

5. exp Fruit/ 

6. (apple or peach or nectarine peach or apricot or cherry or pear or plum or banana 

or melon or watermelon or kiwi or citrus or orange or fruit juice or olive oil or wine 

or honey).mp.  

7. Exp Vegetables/ 

8. (onion or potato or carrot or tomato or celery or soybean or sunflower seeds or 

cucumber or zucchini or chamomile).mp. 

9. Peanut Hypersensitivity/ 

10. Arachis/ or (Peanut*or PArachis hypogaea or Ara h).mp. 

11. Soybeans/ or (Soy* bean or Glycine max or Gly m).mp. 

12. Nuts/ or Nut Hypersensitivity/ 

13. Corylus/ or (Hazelnut* or Corylus avellana or Cor a).mp. 

14. Juglans/ or (Walnut* or Juglans regia or Jug r).mp. 

15. Anacardium/ or (Cashew* or Anacardium occidentale or Ana o).mp. 

16. Bertholletia/ or (Brazil Nut* or Bertholletia excelsa or Ber e).mp. 

17. Pistacia/ or (Pistachio* or Pistacia vera or Pis v).mp. 

18. Prunus dulcis/ or (Almond*or Prunus dulcis or Pru du).mp. 

19. Wheat Hypersensitivity/ 

20. Triticum/ or (Wheat or Triticum aestivum or Tri a).mp. 

21. Egg Hypersensitivity/ 

22. exp Eggs/ or Hen* egg*.mp. 

23. Chickens/ or (Chicken* or Gallus domesticus or Gal d).mp. 

24. Milk Hypersensitivity/ 

25. Milk/ or exp Milk Proteins/ or Milk, Human/ 

26. Cattle/ or (Cow* or Cow* milk or Bos domesticus or Bos d).mp. 

27. Exp Seafood/ 

28. exp Fishes/ or exp Fish Proteins/ or Parvalbumins/ or Fish allergen*.mp. 

29. Penaeidae/ or (Shrimp*or Penaeus aztecus or Pen a or Tropomyosin).mp. 

30. exp Gadiformes/ or (Cod or Gadus morhua or Gad c or Gad m).mp. 

31. exp Carps/ or (Carp or Cyprinus carpio or Cyp c).mp. 

32. Or/1-31 

AND “prevalence”  
OR “incidence”  
OR “risk factor”  
OR “prevalence”  
AND “adult” 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

118 

 

IV.2. Search Strategy II - Database: Embase Classic+Embase 
 

 
-------------------------------------------------------------------------------- 

1 exp Food Hypersensitivity/ 
2 food allerg*.mp. 
3 food hypersensitivity.mp. 
4 food hypersensitivities.mp. 
5 allergy, food.mp. 

(rat or rats or cow or cows or chicken? or horse or horses or mice or 

6 mouse or bovine or animal$).ti. (1587180) 
7 exp animals/ not humans.sh. 
8 6 or 7 

exp Epinephrine/ad, tu, th [Administration & Dosage, Therapeutic Use, 

9 Therapy] 
10 exp "Cause of Death"/ 
11  ((adrenaline or epinephrine) adj3 (dispens$ or prescrib$)).tw. (150) 

 

12 *Prevalence/ 
13 *Incidence/ 
14 (incidence or prevalence or epidemiol$).ti. 
15 *Epidemiology/ 
16 *cohort studies/ 
17 *case control study/ 
18 food allergy/ep [Epidemiology] 
19 exp nutritional intolerance/ep [Epidemiology] 
20 exp hospital admission/ 
21 *mortality/ 
22 or/9-21 
23 or/1-5 
24 22 and 23 
25 24 not 8 
26 limit 25 to yr="1990 - 2018" 
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IV.3. Search strategy III – Database: CINAHL 
    
 

S21 S9 and S20 
S20 S10 or S11 or S12 or S13 or S14 or S15 or 

S16 or S17 or S18 or S19 
S19 (MM "Prevalence") 
S18 (MH "Incidence") 
S17 (MH "Prescribing Patterns") 
S16 "Epinephrine prescription" 
S15 "Epinephrine dispensing" 
S14 (MH "Epinephrine/AD/SD") 
S13 (MH "Epinephrine") 
S12 (MM "Hospitalization") 
S11 (MM "Disease Surveillance") 
S10 (MH "Epidemiology") OR (MH "Epidemiological Research") 
S9 S1 or S8 
S8 S6 and S7 
S7 S4 or S5 
S6 S2 or S3 
S5 AB allergy or allergic or hypersensitive or 

hypersensitivity or sensitive or sensitivity or 
intolerant or intolerance or reaction 

S4 TI allergy or allergic or hypersensitive or 
hypersensitivity or sensitive or sensitivity or 
intolerant or intolerance or reaction 

S3 AB food or nutrient 
S2 TI food or nutrient 
S1 (MM "Food Hypersensitivity") 
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IV.4. Search strategy IV - Database: ISI Web of Science: Science 
Citation Index, Conference Proceedings Citation 
 

 

# 2 Topic=((food or nutrient) AND (allergy or allergic or hypersensitive or 
hypersensitivity or sensitive or sensitivity or intolerant or intolerance or 
reaction)) 
AND Topic=((epidemiol* or incidence or prevalance or surveillance or death or 
mortality or survival or prescrib* or prescript*)) 
Refined by: Web of Science Categories=( NUTRITION DIETETICS OR FOOD 
SCIENCE TECHNOLOGY OR ALLERGY ) 
Databases=CPCI-S Timespan=All Years 
Lemmatization=On 

# 1 Topic=((food or nutrient) AND (allergy or allergic or hypersensitive or 
hypersensitivity or sensitive or sensitivity or intolerant or intolerance or 
reaction)) 
AND Topic=((epidemiol* or incidence or prevalance or surveillance or death or 
mortality or survival or prescrib* or prescript*)) 
Databases=CPCI-S Timespan=All Years 
Lemmatization=On 
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IV.5 – Data extraction form 
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Appendix V. Scientific Production 

V.1. Fist Author Scientific Articles 
V.1.1 Allergy, Asthma & Clinical Immunology 2016 
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V.1.2. BMJ Open 2019 
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V.1.3 World Allergy Organ. J. 2020 
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V.1.4 World Allergy Organ. J. 2020 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

148 

 
 
 
 

 
 
 
 
 
 
 
 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

149 

 
 
 
 
 
 
 
 
 
 
 
 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

150 

 

 
 
 
 
 
 
 
 
 
 
 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

151 

 
 

 
 
 
 
 
 
 
 
 
 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

152 

 
 

 
 
 
 
 
 
 
 
 
 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

153 

 
 
 

 
 
 
 
 
 
 
 
 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

154 

 
 

 
 
 
 
 
 
 
 
 
 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

155 

 
 

 
 
 
 
 
 
 
 
 
 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

156 

 
 
 
 
 
 
 
 
 
 
 
 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

157 

 
 

 
 
 
 
 
 
 
 
 
 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

158 

 
 

 
 
 
 
 
 
 
 
 
 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

159 

 
 
 

 
 
 
 
 
 
 
 
 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

160 

 
 

 
 
 
 
 
 
 
 
 

 



Study of the prevalence and clinical features of food allergies in adults and adolescents from Beira Interior 

 

161 

 
V.2 Co-Author Scientific Articles 
V.2.1 Allergologia et Immunopathologia 2019 
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V.3. International scientific congress 
V.3.1. EAACI Annual Meetings 
V.3.1.1 Istanbul 2011 
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V.3.1.2. Geneva 2012 
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V.3.1.3. Milan 2013 
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V.3.2. 2nd International SEAS Congress, Cascais 2011 
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V.4 Local and national scientific congress 
V.4.1. V Annual CICS Symposium, Covilhã 2011 
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V.4.2. Reunião de Imunoalergologia do Hospital Dona Estefânia, 
Lisbon 2013 
 

 

 

COMUNICAÇÕES ORAIS 

I- Um caso raro de anafilaxia na criança após ingestão de castanha do maranhão  

José Pedro Almeida , Fátima Duarte, Ana Célia Costa, Manuel Pereira Barbosa 

Serviço de Imunoalergologia, Hospital Santa Maria, CHLN, Lisboa, Portugal 

 

II- Indução tolerância às proteínas do leite de vaca com leite cozinhado – a propósito de um caso 

clínico 

Leonor Paulos Viegas1, Miguel Paiva2, Paula Leiria Pinto2 

1Serviço de Imunoalergologia, Hospital Santa Maria – CHLN, E.P.E.; Lisboa; 2Serviço de Imunoalergologia, 

Hospital Dona Estefânia – CHLC, E.P.E. 

 

III-  Reacções adversas a alimentos auto-reportadas em adolescentes Portugueses. Dados 

preliminares de prevalência  

 

Lozoya-Ibáñez, Carlos1,5; Rodrigues, Alexandra2; Fernandes, Patrícia3; Taborda-Barata, Luís4,5  

1Imunoalergologia, Unidade Local de Saúde de Castelo Branco, EPE, Castelo Branco, Portugal; 2Serviço de 

Urgência, Unidade Local de Saúde de Castelo Branco, EPE, Castelo Branco, Portugal; 3Serviço de Patologia 

Clínica, Unidade Local de Saúde de Castelo Branco, EPE, Castelo Branco, Portugal; 4Serviço de 

Imunoalergologia, Centro Hospitalar Universitário Cova da Beira, Covilhã, Portugal; 5CICS – Centro de 

Investigação em Ciências da Saúde, Universidade da Beira Interior, Covilhã, Portugal 

 

IV- Prevalência e características clínicas e serológicas de reacções IgE- e não-IgE-mediadas a 

alimentos em crianças em idade escolar e pré-escolar.  

 

 A. Jorge1,2, E. Soares1, L. Taborda-Barata1,3.  

1 CICS – Centro de Investigação em Ciências da Saúde, Universidade da Beira Interior, Covilhã, Portugal  

2 Serviço de Pediatria, Centro Hospitalar Universitário Cova da Beira, E.P.E., Covilhã, Portugal  

3 Serviço de Imunoalergologia, Cova da Beira Hospital, Centro Hospitalar Universitário Cova da Beira, 

E.P.E., Covilhã, Portugal 

 

 V- Perfil de sensibilização a LTP (Pru p 3) e profilina (Pru p 4) em crianças e adultos 

referenciados a um Serviço de Imunoalergologia em Lisboa 

P. M. Silva , L. Pestana, A. C. Costa, M. P. Barbosa 

Serviço de Imunoalergologia, Hospital de Santa Maria, Lisboa, Portugal 
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VI- Alergia a frutos frescos: a evolução de um caso clínico 

Martins, Marta; Reis, Rute; Cruz, Cíntia; Tomaz, Elza; Inácio, Filipe.  

Serviço de Imunoalergologia, Hospital São Bernardo – CHS. 

 

VII- Anafilaxia induzida por exercício dependente de alimentos – Caso clínico 

Cíntia Cruz, Marta Batista, Fátima Ferreira, Ana Paula Pires, Irina Didenko, Filipe Inácio. 

Serviço de Imunoalergologia, Hospital de São Bernardo, Centro Hospitalar de Setúbal 

 

VIII- Rectocolite hemorrágica, um desafio clínico  

Soares, M.1; Pereira, A. 1; Virtuoso, M.J. 1; Caetano, S. 1; Afonso, I.2  

1 Hospital de Faro, E.P.E.; 2Hospital Dona Estefânia 

 

IX- Um caso de anafilaxia à soja. 

Catarina Carrusca, Vânia Sousa, Carolina Albuquerque, Cândida Mendes 

Serviço de Pediatria do Hospital Vila Franca 
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V.4.3. I Jornadas de Investigação clínica do CACB, Covilhã 2018 
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