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SUMMARY AND GENERAL DISCUSSION 

  
Chapter 1 provides a brief introduction to food allergy including its extensive impact, both 
socially and financially.1,2 In addition, we describe the literature available regarding 
environmental factors associated with sensitization to foods and food allergy. Chapter 2 gives 
an overview of the literature regarding the genetics of allergic disorders, including food 
allergy. From both chapters, we can conclude that although food allergy is an important 
clinical problem, compared to other atopic diseases, it has been studied to a lesser extent. 
Defining food allergy in large populations is challenging which complicates the identification 
of both environmental and genetic risk factors.  
 
In Part I of this thesis we discuss the prevalence of food allergy among Dutch adults and 
adolescents and identify environmental, behavioral and familial variables associated with food 
allergy. In the adults from the Lifelines cohort and adolescents from Dutch high schools we 
classified subjects as “likely to have food allergy” based on questionnaires we developed and 
interpreted based on an extensive literature search. In addition, we studied the association 
between food allergy and both breastfeeding and family history. These latter associations 
were studied in children who had a double-blind placebo-controlled food challenges (DBPCFC) 
as part of regular tertiary paediatric allergy care because of a history consistent with an IgE 
mediated reaction after ingestion of a food.  
 
In Chapter 3 we studied the prevalence of both likely and questionable, self-perceived food 
allergy in adults of the Lifelines cohort. In addition, we identified risk factors associated with 
food allergy and studied the association with psychopathology and health-related quality of 
life (H-RQOL). Of this cohort of 78 890 Dutch adults, 4.0% reported food allergy with a culprit 
food, symptom and characteristics which we classified as consistent with food allergy. 
Additionally, 8.1% was classified as having questionable, self-perceived food allergy without 
these features. Reported asthma, eczema and nasal allergy increased the risk of food allergy. 
Female sex and an younger age were associated with an increased risk of food allergy as well. 
In addition, we reported an association between the living environment during childhood and 
the risk of food allergy in adult life. Adults who lived in a more urban environment during 
childhood had a higher risk of being food allergic compared to those who lived on a farm 
during childhood. This confirms a previous study on childhood food allergy in the US3 and 
indicates that the protective effect of living on a farm continues into adulthood. Potentially, 
an increased microbial diversity, higher vitamin D levels and less exposure to ambient 
pollutants could decrease the risk of food allergy.3 In previous studies, exposure to farm milk 
was reported to be inversely associated with sensitization to foods in 7 606 children4 and with 
higher numbers of regulatory T cells in 298 children.5 This might be due to the consumption 
of bovine miRNAs in cow’s milk which are altered by high-heat treatment as applied to 
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commercial milk.6 In addition, early farm exposure was associated with hypomethylation of 
the IL-13 and CD14 gene,7,8 indicating epigenetic effects of the early life environment.  

We had a special interest in the group with questionable, self-perceived food allergy. 
These subjects also reported a poorer H-RQOL compared to controls, just like subjects with 
likely food allergy. Interestingly, they also reported significantly more burn-out and 
depression compared to controls without food allergy. This was not seen for subjects with 
likely food allergy and it remains unclear whether this is a cause or consequence of 
questionable, self-perceived food allergy. Interestingly, previous research indicated that 
children with suspected food allergy benefit from a positive DBPCFC confirming the food 
allergy.9 This suggests that subjects suffer from uncertainty regarding their food allergic status 
and this may partly explain these findings. But more importantly, although the diagnosis may 
be questionable from a purely medical perspective, this is a group with a high morbidity which 
makes them a priority for future research.  
 
In Chapter 4 we studied the prevalence of food allergy in adolescents from Dutch high schools. 
In addition, we examined the frequency of epinephrine auto-injector (EAI) prescription among 
high-risk individuals. Based on a short questionnaire we concluded that 17.3% of the 2 284 
adolescents reported so called “problems with food”. We contacted these subjects for a more 
detailed telephone questionnaire and concluded that 70/120 adolescents considered 
themselves as being food allergic. However, only 48/120 (40%) were eventually classified as 
likely to be food allergic based on the reported foods and symptoms. To summarize, the 
calculated questionnaire-based prevalence of likely and self-perceived but questionable food 
allergy was 6.2% and 4.0%, respectively. A meta-analysis of this study and 17 other european 
studies up to 2012 concluded that the overall prevalence of self-reported food allergy was 
5.9% with a higher prevalence in children and northern european countries.10 Future studies 
with more strict definitions of food allergy including the DBPCFC are indicated to limit bias 
introduced by false-positive diagnoses of food allergy. 

In addition, we show an alarming under-prescription of EAIs since less than 1 in 30 
high-risk adolescents had actually been prescribed this potentially life-saving device. This 
study was performed in 2009 and seven years later, in 2016, this same research was 
conducted again to study whether the prevalence of food allergy and EAI prescription in 
adolescents increased. Fortunately, the prevalence of food allergy did not increase but EAI 
ownership only marginally improved.11 In addition, a recent study with mystery guest visits 
concluded that food-allergic patients are often not, or incorrectly instructed by pharmacists 
on how to use an EAIs.12 These studies indicate that awareness about food allergy, anaphylaxis 
and especially its management still need to be increased.  
 
In Chapter 5 we describe the association between a longer duration of breastfeeding and a 
lower risk of food allergy as diagnosed by DBPCFC. No confounders were identified in this 
association, including parental atopic conditions and early atopic manifestations. This 
indicates that this protective effect is relevant for children both with and without a positive 
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family history of atopy and is independent of reverse causation. However, we did show that 
atopic parents breastfeed their children more often. But even after adjusting for this 
confounder, there was no significant association of food allergy with breastfeeding for any 
duration versus bottle-feeding. Previous studies were contradictory or inconclusive and rarely 
studied food allergy as diagnosed by DBPCFCs. Interestingly, a previous study reported an 
association between breastfeeding and sensitization to foods which was influenced 
significantly by specific gene variants.13 Future studies are indicated to replicate our findings 
and to study whether this previously reported interaction with genes is also relevant for food 
allergy. Although this study is likely to represent the best knowledge yet available regarding 
the association of breastfeeding and food allergy as diagnosed by DBPCFC, it had some 
limitations. Unfortunately, there was no data available regarding the exclusivity of 
breastfeeding and the introduction of solid foods. As published in 2015, early oral exposure 
to peanut was associated with development of tolerance14 which is likely to confound the 
association between breastfeeding and food allergy. Therefore, future studies are indicated 
to identify the optimal duration of breastfeeding and timing of introduction of potential 
allergenic foods to decrease the risk of food allergy.  
 
The influence of family history on the risk of food allergy is studied in Chapter 6 since in clinical 
practice, concern about food allergy in family members of patients is common. We concluded 
that in tertiary care, having a positive family history of food allergy, including having a sibling 
with a positive DBPCFC, has little to no influence on the risk of becoming sensitized or clinically 
allergic to foods. Only a positive family history of rhinoconjunctivitis paradoxally decreased 
the risk of food allergy and as previously published, a family history of eczema increased the 
risk of cow’s milk allergy.15 The low risk of sibling-associated food allergy confirms a previous 
study which showed that only 13.6% of siblings were both sensitized and reported symptoms 
to the same food. The authors concluded that sensitization without reactivity was more 
common among siblings. This implies that in tertiary care, children with a sibling with 
confirmed food allergy or a positive family history of food allergy should undergo DBPCFC 
based on clinical suspicion alone, as the diagnosis cannot be anticipated or inferred based on 
the family history. 

The association between a positive family history of eczema and food allergy is 
interesting. Eczema is a common atopic skin disorder characterized by dry, pruritic skin and 
an impaired skin barrier.16 The latter may permit intact proteins to pass the barrier and elicit 
an immune response. The dual-allergen-exposure hypothesis proposes that low-dose 
cutaneous exposure to food allergens triggers Th2 responses and IgE production by B cells 
while early oral exposure induces tolerance by stimulating regulatory T cells and Th1 cells.17  

In addition, being fist born born was associated with an increased risk of sensitization 
to foods but not with an increased risk of food allergy as diagnosed by the DBPCFC. When 
having a sibling is considered as a proxy of early life infection, these results indicate that early 
life infections only influences the risk of sensitization. This is supported by eleven studies on 
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the use of probiotics to prevent food allergy which had disappointing results, as reviewed in 
2013.18 Two of them reported only a lower risk of sensitization.19,20  
 
These first four studies focus on environmental, behavioral and familial factors associated 
with food allergy. Part II of this thesis focuses on genetic risk factors associated with food 
allergy. Just like in Part I, we studied adults from the Lifelines cohort and children diagnosed 
with food allergy based on the DBPCFC, the gold standard. With this last definition of food 
allergy we were able to validate whether previous identified variants were relevant in 
sensitization to foods, food allergy or both. We studied these variants in a candidate-gene 
design using both family-based association testing and case-control studies. In addition, we 
identified new genetic variants associated with food allergy in two hypothesis-free genome-
wide association studies.  
 
The association between food allergy and loss of function (LOF) variants within the filaggrin 
(FLG) gene is discussed in Chapter 7. This gene is located on chromosome 1q21 within the 
epidermal differentiation complex which regulates skin barrier function. The filaggrin protein 
helps aggregate the epidermal cytoskeleton to form a protein-lipid barrier and fits within the 
dual-allergen-exposure hypothesis for the pathogenesis of food allergy, as discussed above. 
Further evidence for this hypothesis is provided by a study in mice showing that epicutaneous 
exposure to peanut protein on barrier-disrupted skin causes Th2-type immunity with high 
levels of peanut-specific IgE and prevents the development of oral tolerance to peanut.21 
Other studies reported that in children with eczema or carrying FLG mutations, increased early 
life environmental exposure to peanut in household dust was associated with an increased 
risk of sensitization to peanut and peanut allergy as confirmed by food challenges.22,23 In a 
review and meta-analysis of previous studies, FLG LOF variants were identified as strong risk 
factors for atopic dermatitis24, allergic rhinitis and sensitization to peanut.25 In children with 
atopic dermatitis, they were also associated with asthma.25 Cases and controls in our study 
had any positive or only negative DBPCFC(s), respectively. Therefore, the results of our study 
indicate that FLG is not only important for the pathway leading to sensitization, but also 
important for the clinically more relevant pathway leading to food allergy. The association was 
not confounded by eczema, rhinoconjunctivitis or asthma by history or sIgE to the food tested 
by DBPCFC. A more recent study replicated the association between FLG LOF variants and both 
sensitization to foods and food allergy in children of 2 years of age.26 In addition, they reported 
an association between food allergy and a neonatal barrier defect, measured by increased 
trans epidermal water loss in the first few days of life, even when the children did not have 
eczema.26 Skin barrier improving interventions are promising, especially since they are shown 
to decrease the risk of eczema by 50%.27 As reviewed recently, three small studies did not find 
a significant association between regular emollient application and a decreased risk of food 
allergy although trends were reported.27 Therefore, larger trials are underway and in 5 years, 
we hope to know whether improvement of the skin barrier with emollients leads to an lower 
risk of food allergy. 
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In a second candidate gene study, described in Chapter 8, we confirmed the association of 
signal transducer and activator of transcription factor 6 (STAT6) gene with both sensitization 
and food allergy. By inducing expression of GATA-3, STAT6 enhances expression of cytokines 
which stimulate the differentiation of naïve CD4+ T cells to the Th2 subset and suppresses Th1 
and Th17 cell responses28. Th2 cells secrete cytokines including IL-4, IL-5 and IL-13 that work 
in combination with mast cells, macrophages and eosinophils to promote allergic responses 
to (food)allergens29. In activated B cells, STAT6 promotes immunoglobulin class switching to 
both IgE and IgG1 and the expression of antigen presenting cell surface molecules, as reviewed 
by Goenka and Kaplan30. Therefore, these mechanisms could explain our observed association 
with the presence of food allergy as well as sIgE levels. Recently, a study reported that 90 % 
of mice having both Filaggrin mutations and T-cell specific expression of constitutively active 
Stat6 developed atopic dermatitis, compared to 40% of mice carrying only Filaggrin 
mutations31. It was reported that expression of Filaggrin in keratinocytes is diminished by 
increased STAT6 and Th2 related cytokines IL-4 and IL-1332, suggesting a role of STAT6 in the 
dual-allergen-exposure hypothesis17. Finally, it was demonstrated that formation of allergen-
specific regulatory T cells was decreased due to enhanced IL-4R-STAT6 signalling in mice33, 
suggesting a role for STAT6 in tolerance to foods.  

In addition, environmental exposures as identified in Part I of this thesis may have 
epigenetic effects. Epigenetics refers to the regulation of DNA expression by methylation, 
chromatin modifications, or regulatory RNA molecules. These factors do not affect the DNA 
sequence itself, yet are at least partially heritable. Recently, DNA methylation differences in 
several genes including STAT6 were reported in farmers’ compared to non-farmers’ children8. 
This indicates that STAT6 might be a mediator in the previously discussed association between 
a more urban living environment during childhood and a lower risk of food allergy in 
adulthood.  

To summarize, both Filaggrin and STAT6 seems to play a pivotal role in food allergy 
through various cell types, both dependent and independent of sIgE. Inhibiting STAT6 and 
restoring the epithelial barrier seems an appealing therapeutic strategy to treat food allergy. 
However, the complex interplay of STAT6 with cytokines and transcription factors such as 
GATA3 suggests that variants in their corresponding genes might have an interactive effect on 
STAT6, complicating the pathophysiologic pathway involved. 
 
Within adults and adolescents of the Lifelines and Prevention and Incidence of Asthma and 
Mite Allergy (PIAMA) study, respectively, we performed a Genome Wide Association Study on 
questionnaire defined food and peanut allergy, as described in Chapter 9. The PIAMA birth 
cohort includes 3 963 Dutch children from the general population born in 1996-1997. These 
had follow-up visits and questionnaires from birth onwards and completed the food allergy 
questionnaire at the age of 17 years. In 392 cases with food allergy (including 47 cases with 
peanut allergy) and 9470 controls, we identified 6 and 25 independent top hits associated 
with food and peanut allergy, respectively. Unfortunately, we did not replicate these variants 
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in children with food allergy diagnosed by food challenges recruited at our own center and as 
part of a large German study. Potentially, this could be caused by an age effect or it may 
indicate that the identified variants are only relevant in food allergy in adults with different 
culprit foods compared to food allergy in children. Both discovery cohorts included adults and 
adolescents from the general population and the most frequently reported culprit foods 
among cases were apple, hazelnut, walnut, shellfish and almond. Children with food allergy 
within both replication cohorts most frequently had positive food challenges for hen’s egg, 
peanut, cow’s milk and/or cashew. This confirms previous research since the majority of 
childhood allergies to milk, egg and wheat resolve, whereas allergies to peanut, tree nuts and 
shellfish tend to persist more frequently34. These latter allergies are therefore more common 
in adults, together with allergies to foods cross-reacting with tree-pollen35.  

Interestingly, we replicated 10 SNPs previously associated with peanut allergy in 
genome wide studies in children, including well-known HLA-DQB1 variants, indicating that this 
effect continues into adulthood. The Human Leukocyte Antigen (HLA) class II genes encode 
molecules that present antigens, including food allergens, to naïve CD4+T lymphocytes. These 
stimulate B-cell antibody production, mediating the allergic response.  

The SHARE consortium recently published a list of 136 SNPs to be associated with any 
allergic disease (including asthma, rhinitis, and eczema), yet food allergy was not addressed 
in that study 36. Of the 121 variants available in our discovery analyses, we showed for the first 
time that 10 are likely to be associated with food allergy and peanut allergy as well. However, 
the effect sizes decreased for up to 35% after correction for other atopic morbidities. This 
indicates that these variants have a more general effect on allergy, including food allergy.  
 
We studied whether variants identified in a Canadian genome wide association study on 
peanut allergy were also relevant in Dutch children with food allergy diagnosed by DBPCFC, 
as discussed in Chapter 10. The discovery analysis was performed in 850 Canadian cases with 
peanut allergy and 926 hyper-controls. The latter were subjects with no history of asthma, 
airway hyper responsiveness, atopy, eczema, allergic rhinitis, or food allergy and negative skin 
prick tests. Cases were defined by a variety of parameters but the majority was sensitized to 
foods and had a convincing history of peanut allergy. The discovery analysis identified SNPs in 
HLA (discussed in chapter 11) and a variant on chromosome 2, close to integrin a6(ITGA6) as 
genome-wide significantly associated with food allergy. The latter was not replicated in both 
cohorts of Dutch children. However, in the meta-analysis using 5 studies (in Canadian, 2 
American, 2 Dutch populations) this less common variant (MAF= 0.02) reached genome wide 
significance for association with both food and peanut allergy. Another variant, close to 
angiopoietin 4 (ANGPT4) was replicated in our Dutch cohorts. Previously, this gene was 
associated with permeability of blood vessels and promotes lymphatic dilatation37. In a meta-
analysis of four studies, chromosome 11 open reading frame 30 (C11orf30) was identified as 
a susceptibility locus for both food and peanut allergy. As discussed in chapter 2 of this thesis, 
this gene was previously associated with asthma38, atopic dermatitis39–41 and 
rhinoconjunctivitis42. These findings indicate that C11orf30 is a risk factor for atopy in general 
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which stimulate the differentiation of naïve CD4+ T cells to the Th2 subset and suppresses Th1 
and Th17 cell responses28. Th2 cells secrete cytokines including IL-4, IL-5 and IL-13 that work 
in combination with mast cells, macrophages and eosinophils to promote allergic responses 
to (food)allergens29. In activated B cells, STAT6 promotes immunoglobulin class switching to 
both IgE and IgG1 and the expression of antigen presenting cell surface molecules, as reviewed 
by Goenka and Kaplan30. Therefore, these mechanisms could explain our observed association 
with the presence of food allergy as well as sIgE levels. Recently, a study reported that 90 % 
of mice having both Filaggrin mutations and T-cell specific expression of constitutively active 
Stat6 developed atopic dermatitis, compared to 40% of mice carrying only Filaggrin 
mutations31. It was reported that expression of Filaggrin in keratinocytes is diminished by 
increased STAT6 and Th2 related cytokines IL-4 and IL-1332, suggesting a role of STAT6 in the 
dual-allergen-exposure hypothesis17. Finally, it was demonstrated that formation of allergen-
specific regulatory T cells was decreased due to enhanced IL-4R-STAT6 signalling in mice33, 
suggesting a role for STAT6 in tolerance to foods.  

In addition, environmental exposures as identified in Part I of this thesis may have 
epigenetic effects. Epigenetics refers to the regulation of DNA expression by methylation, 
chromatin modifications, or regulatory RNA molecules. These factors do not affect the DNA 
sequence itself, yet are at least partially heritable. Recently, DNA methylation differences in 
several genes including STAT6 were reported in farmers’ compared to non-farmers’ children8. 
This indicates that STAT6 might be a mediator in the previously discussed association between 
a more urban living environment during childhood and a lower risk of food allergy in 
adulthood.  

To summarize, both Filaggrin and STAT6 seems to play a pivotal role in food allergy 
through various cell types, both dependent and independent of sIgE. Inhibiting STAT6 and 
restoring the epithelial barrier seems an appealing therapeutic strategy to treat food allergy. 
However, the complex interplay of STAT6 with cytokines and transcription factors such as 
GATA3 suggests that variants in their corresponding genes might have an interactive effect on 
STAT6, complicating the pathophysiologic pathway involved. 
 
Within adults and adolescents of the Lifelines and Prevention and Incidence of Asthma and 
Mite Allergy (PIAMA) study, respectively, we performed a Genome Wide Association Study on 
questionnaire defined food and peanut allergy, as described in Chapter 9. The PIAMA birth 
cohort includes 3 963 Dutch children from the general population born in 1996-1997. These 
had follow-up visits and questionnaires from birth onwards and completed the food allergy 
questionnaire at the age of 17 years. In 392 cases with food allergy (including 47 cases with 
peanut allergy) and 9470 controls, we identified 6 and 25 independent top hits associated 
with food and peanut allergy, respectively. Unfortunately, we did not replicate these variants 
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in children with food allergy diagnosed by food challenges recruited at our own center and as 
part of a large German study. Potentially, this could be caused by an age effect or it may 
indicate that the identified variants are only relevant in food allergy in adults with different 
culprit foods compared to food allergy in children. Both discovery cohorts included adults and 
adolescents from the general population and the most frequently reported culprit foods 
among cases were apple, hazelnut, walnut, shellfish and almond. Children with food allergy 
within both replication cohorts most frequently had positive food challenges for hen’s egg, 
peanut, cow’s milk and/or cashew. This confirms previous research since the majority of 
childhood allergies to milk, egg and wheat resolve, whereas allergies to peanut, tree nuts and 
shellfish tend to persist more frequently34. These latter allergies are therefore more common 
in adults, together with allergies to foods cross-reacting with tree-pollen35.  

Interestingly, we replicated 10 SNPs previously associated with peanut allergy in 
genome wide studies in children, including well-known HLA-DQB1 variants, indicating that this 
effect continues into adulthood. The Human Leukocyte Antigen (HLA) class II genes encode 
molecules that present antigens, including food allergens, to naïve CD4+T lymphocytes. These 
stimulate B-cell antibody production, mediating the allergic response.  

The SHARE consortium recently published a list of 136 SNPs to be associated with any 
allergic disease (including asthma, rhinitis, and eczema), yet food allergy was not addressed 
in that study 36. Of the 121 variants available in our discovery analyses, we showed for the first 
time that 10 are likely to be associated with food allergy and peanut allergy as well. However, 
the effect sizes decreased for up to 35% after correction for other atopic morbidities. This 
indicates that these variants have a more general effect on allergy, including food allergy.  
 
We studied whether variants identified in a Canadian genome wide association study on 
peanut allergy were also relevant in Dutch children with food allergy diagnosed by DBPCFC, 
as discussed in Chapter 10. The discovery analysis was performed in 850 Canadian cases with 
peanut allergy and 926 hyper-controls. The latter were subjects with no history of asthma, 
airway hyper responsiveness, atopy, eczema, allergic rhinitis, or food allergy and negative skin 
prick tests. Cases were defined by a variety of parameters but the majority was sensitized to 
foods and had a convincing history of peanut allergy. The discovery analysis identified SNPs in 
HLA (discussed in chapter 11) and a variant on chromosome 2, close to integrin a6(ITGA6) as 
genome-wide significantly associated with food allergy. The latter was not replicated in both 
cohorts of Dutch children. However, in the meta-analysis using 5 studies (in Canadian, 2 
American, 2 Dutch populations) this less common variant (MAF= 0.02) reached genome wide 
significance for association with both food and peanut allergy. Another variant, close to 
angiopoietin 4 (ANGPT4) was replicated in our Dutch cohorts. Previously, this gene was 
associated with permeability of blood vessels and promotes lymphatic dilatation37. In a meta-
analysis of four studies, chromosome 11 open reading frame 30 (C11orf30) was identified as 
a susceptibility locus for both food and peanut allergy. As discussed in chapter 2 of this thesis, 
this gene was previously associated with asthma38, atopic dermatitis39–41 and 
rhinoconjunctivitis42. These findings indicate that C11orf30 is a risk factor for atopy in general 
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which is supported by a previous study which identified a variant in this gene as associated 
with a higher risk of poly-sensitization (specific IgE or skin prick test to at least 4 allergens)43. 
Unfortunately, C11orf30 was not genotyped in both Dutch cohorts with food allergic children 
and the identified risk variants were not associated with food allergy and peanut allergy in 

Dutch adults and adolescents, as described in chapter 9.  
As discussed above, peanut allergy was repeatedly and specifically associated with variants in 
the HLA class II genes. In chapter 11, the results of the Canadian association study on peanut 
allergy regarding chromosome 6 were presented separately. Gene variants close to HLA-
DQB1, HLA-DQA2 and HLA-DRA were associated with peanut allergy, both in the Canadian 

discovery analysis and the Dutch cohorts with children with food allergy as confirmed by 

DBPCFCs. Interestingly, the association with food allergy in general was not significant in both 

Dutch cohorts, just as reported for other HLA variants in chapter 9 which indicates that the 

associations with HLA class II genes are truly specific for peanut allergy. In addition, the odds 

ratios increased with increasing severity of food allergy. In a stratified analysis by asthma 

status, the majority of odds ratios were not significantly different. In the replication analysis 

described in chapter 9 we previously showed that odds ratios of variants within HLA class II 
genes increased after adjusting for atopic comorbidities. This indicates that these variants 

have an effect independent of other atopic morbidities.  

 
CONCLUDING REMARKS AND FUTURE PERSPECTIVES 

As described in this thesis, the prevalence of self-reported food allergy among Dutch adults 

and adolescents is considerable and it significantly impacts health-related quality of life. 

Among adults with self-reported food allergy, only one-third reports characteristics consistent 

with food allergy. Among the remainder with questionable, self-perceived food allergy, burn-

out and depression were more often reported compared to controls without food allergy. The 

high prevalence and considerable psychological burden of questionable, self-perceived food 

allergy makes this phenomenon a priority for future research. A recent study concluded that 

people who are more open to experience, one of the Big Five personality traits, had the 

greatest difficulty managing their food allergy in daily life.44 It is likely that their personality 

conflicts with the behavioral consequences of having food allergy.44 Future studies which take 
personality into account are indicated to develop strategies to improve H-RQOL in patients 

with food allergy.  
We report a persistent alarming under-prescription of epinephrine auto-injectors since 

less than 1 in 30 high-risk adolescents had actually been prescribed this potentially life-saving 

device. Fortunately, an allergy management support system is developed which provides 

diagnostic and management recommendations for general practictioners45. This system 
requires further testing and validation but hopefully it will result in less over-diagnosis of food 

allergy and improved prescription of potentially lifesaving EAIs to patients at high risk of 
anaphylaxis.  

It seems that there are multiple pathways leading to both sensitization to foods and food 
allergy, which involve both environmental and genetic factors. As indicated by the   
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association between eczema, food allergy and the effect of loss-of-function variants within 
the FLG gene, a decreased barrier function is likely to be associated with both sensitization to 
foods and food allergy. It is hypothesized that sensitization to food allergens and food allergy 
occurs when the antigen is encountered by other sites such as airways or skin in contrast to 
the gut, where oral tolerance is likely to be the default response46,47. In addition, detergents 
and surfactants are recently associated with an impaired skin barrier48 but their role in food 
allergy has not been established yet. Our data on FLG strongly supports the role of a reduced 
skin barrier in the pathway leading to clinical food allergy. Therefore, we recommend that 
intervention trials aimed at improving the skin barrier also address food allergy confirmed by 
DBPCFCs as an outcome.  

The association between early farm exposure and adult food allergy confirms previous 
studies reporting an association between farm exposure and a decreased risk of asthma49,50. 
DNA methylation alterations in STAT6 were reported in farmers’ children8 indicating a gene-
environment interaction. Furthermore, the consumption of farm milk was previously 
associated with higher numbers of regulatory T cells in children5 and levels of specific 
regulatory T cells were lower in young children with food allergy51. In addition, higher levels 
of specific regulatory T cells were associated with development of oral tolerance52 and were 
seen in subjects undergoing oral immunotherapy53.   

Future studies are indicated to identify genes robustly associated with the difference 
between sensitization to foods and food allergy since most identified genetic risk factors seem 
to be associated with both conditions. We therefore recommend to phenotype cases using 
double-blind placebo-controlled food challenges with challenge-negative subjects as controls. 
Ultimately, meta-analyses are indicated to generate more power which gives the opportunity 
to reveal food allergy SNPs with lower effect and study specific food allergies separately. For 
studies regarding food allergy in general, we would recommend to study pediatric and adult 
food allergy separately since they might reflect different phenotypes. 

The studies in this thesis are all observational in design in which we tried to carefully 
adjust for confounding factors. The identified risk factors including duration of breastfeeding, 
comorbidities, family history, birth order and living environment during childhood are 
unsuitable to study in a more prospective study design, such as a randomized controlled trial. 
Therefore, this may represent the best data available regarding their role in food allergy.  

As described for other multifactorial diseases, it might be true that in the pathogenesis 
of food allergy “genes load the gun but environment pulls the trigger”. This thesis focused both 
on environmental and genetic risk factors associated with food allergy but did not address 
epigenetic mechanisms mediating both effects. Epigenetics add another layer of complexity 
to the pathogenesis and future studies are indicated to unravel how the identified 
environmental and genetic risk factors interact and lead to food allergy. Another interesting 
theme is whether the identified factors affect treatment response, tolerance development 
and whether they are relevant for personalized treatment of food allergic patients. 
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DBPCFCs. Interestingly, the association with food allergy in general was not significant in both 

Dutch cohorts, just as reported for other HLA variants in chapter 9 which indicates that the 

associations with HLA class II genes are truly specific for peanut allergy. In addition, the odds 

ratios increased with increasing severity of food allergy. In a stratified analysis by asthma 
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genes increased after adjusting for atopic comorbidities. This indicates that these variants 

have an effect independent of other atopic morbidities.  

 
CONCLUDING REMARKS AND FUTURE PERSPECTIVES 

As described in this thesis, the prevalence of self-reported food allergy among Dutch adults 

and adolescents is considerable and it significantly impacts health-related quality of life. 

Among adults with self-reported food allergy, only one-third reports characteristics consistent 

with food allergy. Among the remainder with questionable, self-perceived food allergy, burn-

out and depression were more often reported compared to controls without food allergy. The 

high prevalence and considerable psychological burden of questionable, self-perceived food 

allergy makes this phenomenon a priority for future research. A recent study concluded that 

people who are more open to experience, one of the Big Five personality traits, had the 

greatest difficulty managing their food allergy in daily life.44 It is likely that their personality 

conflicts with the behavioral consequences of having food allergy.44 Future studies which take 
personality into account are indicated to develop strategies to improve H-RQOL in patients 

with food allergy.  
We report a persistent alarming under-prescription of epinephrine auto-injectors since 

less than 1 in 30 high-risk adolescents had actually been prescribed this potentially life-saving 

device. Fortunately, an allergy management support system is developed which provides 

diagnostic and management recommendations for general practictioners45. This system 
requires further testing and validation but hopefully it will result in less over-diagnosis of food 

allergy and improved prescription of potentially lifesaving EAIs to patients at high risk of 
anaphylaxis.  

It seems that there are multiple pathways leading to both sensitization to foods and food 
allergy, which involve both environmental and genetic factors. As indicated by the   

 

 274 

association between eczema, food allergy and the effect of loss-of-function variants within 
the FLG gene, a decreased barrier function is likely to be associated with both sensitization to 
foods and food allergy. It is hypothesized that sensitization to food allergens and food allergy 
occurs when the antigen is encountered by other sites such as airways or skin in contrast to 
the gut, where oral tolerance is likely to be the default response46,47. In addition, detergents 
and surfactants are recently associated with an impaired skin barrier48 but their role in food 
allergy has not been established yet. Our data on FLG strongly supports the role of a reduced 
skin barrier in the pathway leading to clinical food allergy. Therefore, we recommend that 
intervention trials aimed at improving the skin barrier also address food allergy confirmed by 
DBPCFCs as an outcome.  

The association between early farm exposure and adult food allergy confirms previous 
studies reporting an association between farm exposure and a decreased risk of asthma49,50. 
DNA methylation alterations in STAT6 were reported in farmers’ children8 indicating a gene-
environment interaction. Furthermore, the consumption of farm milk was previously 
associated with higher numbers of regulatory T cells in children5 and levels of specific 
regulatory T cells were lower in young children with food allergy51. In addition, higher levels 
of specific regulatory T cells were associated with development of oral tolerance52 and were 
seen in subjects undergoing oral immunotherapy53.   

Future studies are indicated to identify genes robustly associated with the difference 
between sensitization to foods and food allergy since most identified genetic risk factors seem 
to be associated with both conditions. We therefore recommend to phenotype cases using 
double-blind placebo-controlled food challenges with challenge-negative subjects as controls. 
Ultimately, meta-analyses are indicated to generate more power which gives the opportunity 
to reveal food allergy SNPs with lower effect and study specific food allergies separately. For 
studies regarding food allergy in general, we would recommend to study pediatric and adult 
food allergy separately since they might reflect different phenotypes. 

The studies in this thesis are all observational in design in which we tried to carefully 
adjust for confounding factors. The identified risk factors including duration of breastfeeding, 
comorbidities, family history, birth order and living environment during childhood are 
unsuitable to study in a more prospective study design, such as a randomized controlled trial. 
Therefore, this may represent the best data available regarding their role in food allergy.  

As described for other multifactorial diseases, it might be true that in the pathogenesis 
of food allergy “genes load the gun but environment pulls the trigger”. This thesis focused both 
on environmental and genetic risk factors associated with food allergy but did not address 
epigenetic mechanisms mediating both effects. Epigenetics add another layer of complexity 
to the pathogenesis and future studies are indicated to unravel how the identified 
environmental and genetic risk factors interact and lead to food allergy. Another interesting 
theme is whether the identified factors affect treatment response, tolerance development 
and whether they are relevant for personalized treatment of food allergic patients. 
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NEDERLANDSE SAMENVATTING 

 
In Hoofdstuk 1 wordt het begrip voedselallergie geïntroduceerd, inclusief de grote sociale en 
financiële gevolgen van deze aandoening.1,2 Daarnaast wordt een kort overzicht gegeven van 
de literatuur over omgevingsfactoren die geassocieerd zijn met sensibilisatie voor 
voedingsmiddelen en voedselallergie. Hoofdstuk 2 geeft een overzicht van de literatuur over 
de genetica van allergische aandoeningen, waaronder voedselallergie. Uit beide hoofdstukken 
kunnen we concluderen dat hoewel voedselallergie een belangrijk klinisch probleem is, het in 
vergelijking met andere atopische aandoeningen in mindere mate bestudeerd is. Het 
definiëren van voedselallergie in grote populaties is een uitdaging die het onderzoek naar 
zowel omgevingsfactoren als genetische risicofactoren compliceert. 
 
In Deel I van dit proefschrift bespreken we de prevalentie van voedselallergie onder 
Nederlandse volwassenen en adolescenten en identificeren we omgevingsfactoren, gedrags- 
en familiale factoren geassocieerd met voedselallergie. Bij volwassenen van het Lifelines-
cohort en adolescenten van Nederlandse middelbare scholen hebben waarschijnlijke 
voedselallergie gedefinieerd op basis van vragenlijsten die we hebben ontwikkeld en 
geïnterpreteerd door middel van uitgebreid literatuuronderzoek. Daarnaast hebben we 
onderzocht of borstvoeding en een positieve familieanamnese voor allergie het risico op 
waarschijnlijke voedselallergie beïnvloed. Deze associaties werden bestudeerd bij kinderen 
die een dubbelblinde, placebo-gecontroleerde voedselprovocatie hebben ondergaan 
(DBPCVP) als onderdeel van de reguliere tertiaire zorg voor kinderen met een verdenking op 
voedingsmiddel. 
 
In Hoofdstuk 3 beschrijven we de prevalentie van zowel waarschijnlijke als twijfelachtige zelf 
gerapporteerde voedselallergie bij volwassenen van het Lifelines-cohort. Daarnaast 
identificeerden we risicofactoren die verband houden met voedselallergie en bestudeerden 
we de associatie met psychopathologie en gezondheid gerelateerde kwaliteit van leven (H-
RQOL). Van dit cohort van 78 890 Nederlandse volwassenen rapporteerde 4,0% 
waarschijnlijke voedselallergie met een voedingsmiddel, symptoom en kenmerken die we als 
consistent met voedselallergie kwalificeerden. Daarnaast rapporteerde 8,1% twijfelachtige 
voedselallergie zonder deze kenmerken. Astma, eczeem en hooikoorts verhoogden het risico 
op waarschijnlijke voedselallergie. Vrouwelijk geslacht en een lagere leeftijd waren ook 
geassocieerd met een verhoogd risico op voedselallergie. Bovendien meldden we een verband 
tussen de leefomgeving tijdens de kindertijd en het risico op waarschijnlijke voedselallergie in 
het volwassen leven. Volwassenen die tijdens hun kindertijd in een meer stedelijke omgeving 
woonden hadden een hoger risico om voedselallergie te hebben in vergelijking met degenen 
die in de kindertijd op een boerderij woonden. Dit bevestigt een eerdere studie uit de 
Verenigde Staten3 en geeft aan dat het beschermende effect van het leven op een boerderij 
voortduurt tot in de volwassenheid. Potentieel kunnen een verhoogde microbiële diversiteit, 
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