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Tree Nut Allergy, Egg Allergy,  
and Asthma in Children
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Abstract

Background. Children with food allergies often have concurrent asthma. Objective. The authors aimed to determine the 
prevalence of asthma in children with food allergies and the association of specific food allergies with asthma. Methods. 
Parental questionnaire data regarding food allergy, corroborated by allergic sensitization were completed for a cohort 
of 799 children with food allergies. Multivariate regression analysis tested the association between food allergy and 
reported asthma. Results. In this cohort, the prevalence of asthma was 45.6%. After adjusting for each food allergy, 
environmental allergies, and family history of asthma, children with egg allergy (odds ratio [OR] = 2.0; 95% confidence 
interval [CI] = 1.3-3.2; P < .01) or tree nut allergy (OR = 2.0; 95% CI = 1.1-3.6; P = .02) had significantly greater odds 
of report of asthma. Conclusion. There is a high prevalence of asthma in the food-allergic pediatric population. Egg and 
tree nut allergy are significantly associated with asthma, independent of other risk factors.
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Introduction

The past 3 decades have seen a dramatic rise in the prev-
alence of allergic diseases, including asthma and food 
allergies.1-5 Current estimates of clinically relevant food 
hypersensitivity range from 1% to 3.2% in children and 
adults in the general population.6-9 Children tend to be 
allergic to milk, eggs, wheat, and peanuts,10 whereas 
adults primarily react to peanuts, tree nuts, and seafood.1,6 
Asthma prevalence has mirrored this increase, and it is 
currently estimated that 8.5% of children suffer from 
asthma.3 For those with food allergy, the prevalence of 
asthma is as high as 29%.2

Many studies have shown the prevalence and influ-
ence of allergic phenotypes in cohorts of patients with 
asthma.11-14 These studies suggest that patients with 
food allergies are at higher risk for asthma diagnosis15 
and asthma morbidity.12-14,16 However, few studies have 
focused on asthma outcomes in cohorts of children with 
food allergy.17

Milk, egg,18 and wheat sensitization has been associ-
ated with the development of asthma in very young chil-
dren.19-21 However, clinically relevant food allergy in 
children spanning all ages and the relationship to asthma 
has been less well described.

The aims of this study were to define the prevalence 
of asthma in a large cohort of children with food aller-
gies and determine if individual food allergies were spe-
cifically associated with asthma. We hypothesized that 
there is a high prevalence of asthma in the food-allergic 
population and that individual food allergies differen-
tially associate with asthma risk.
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Methods
Study Participants
This study was a cross-sectional analysis of 799 children 
with skin prick test or specific immunoglobulin E (sIgE) 
corroborating parental report of food allergy from a 
cohort of 1413 children with physician-diagnosed food 
allergy. Throughout, we have used the term parent to 
include all primary caregivers and subject to refer to the 
food-allergic child in question. The study included chil-
dren with Allergy Program visits at Children’s Hospital 
Boston or 2 suburban pediatric allergy practices. If paren-
tal report was positive for the subject having a clinical 
history of allergic reaction to one or more foods, then, the 
parent was asked to participate in the study. Parents were 
excluded if they were not intimately familiar with the 
child’s conception and birth because the primary purpose 
of this cohort was to evaluate prenatal factors predicting 
childhood food allergy. Data for siblings of the primary 
subject were not included in the analysis.

After obtaining written informed consent from the sub-
ject’s parent, a questionnaire regarding the subject’s food 
allergy history, environmental allergies, family history, 
and demographics was distributed. Data were collected 
prospectively over a 4-year period from May 2005 through 
October 2009. The study was approved by the institutional 
review board of the Children’s Hospital Boston.

Definition of Predictor Variables
Parental report of food allergy was determined by answer-
ing questionnaire items phrased, “The following ques-
tions pertain to your [child’s] food allergy history,” with 
response options, “never ate this food,” “no,” or “yes.” 
Listed foods were “eggs,” “dairy/milk products,” “sea-
food,” “tree nuts (tree nuts include walnuts, macadamia 
nuts, almonds, pistachios, cashews, pecans, brazil nuts, 
hazelnuts),” “peanuts/peanut butter,” and “sesame seeds.” 
Food allergy was defined in this study as report of allergy 
and evidence of sensitization by skin prick test or sIgE. 
Those with report of food allergy not corroborated by evi-
dence of allergic sensitization, when treated as a separate 
group, did not affect the relationship of food allergy to 
asthma. As these subjects were possibly misclassified 
and statistically not informative, they were not included 
in the final analysis. Report of “never trying the food” or 
“not being allergic” was analyzed as such.

Measurement of Subject’s  
Sensitization to Food Allergens
The subjects’ charts were reviewed retrospectively for 
allergen skin prick test and sIgE results. Skin prick test to 
commercially available extracts was performed on the 

back or volar surface of the forearm using standard meth-
ods. Skin prick tests were recorded as wheal and flare mea-
surements and/or positive/negative for each item tested. A 
wheal 3 mm greater than the negative control at 15 minutes 
was considered positive. Patients were excluded if they 
had a negative histamine control. The following skin prick 
test allergens were used: dairy (milk, casein), egg (egg 
white), tree nut (almond, brazil nut, cashew, hazelnut, 
pecan, pistachio, walnut), peanut, sesame seed, seafood 
(clam, codfish, crab, flounder, lobster, salmon, scallop, 
shrimp, trout, tuna). sIgE was measured by ImmunoCAP 
assay (Phadia US Inc, Portage, MI). Results of Immuno-
CAP testing were deemed positive for values ≥0.35 
kUA/L. All tests were performed at a CLIA-certified labo-
ratory. When available, the following sIgE tests were 
ordered for the food groups: dairy (milk, a lactalbumin, 
casein, whey), egg (egg white), tree nut (almond, cashew, 
hazelnut, pecan, pistachio, walnut), peanut, sesame seed, 
seafood (codfish, crab, lobster, haddock, salmon, shrimp). 
When skin prick or sIgE tests were repeated, aggregate 
outcomes were used as “ever positive,” “never positive,” 
or “never tested” for each allergen.

Definition of Other Predictor Variables
Potential confounders of the relationship between pre-
dictor variables and asthma were considered for inclu-
sion in the multivariate model. Variables related to 
allergy other than food allergy included pet allergy, pol-
len allergy, and eczema. Variables related to the family 
history of allergic disease were obtained for the sub-
ject’s mother and father and included asthma, hayfever/
pollen allergy, and eczema. Previously described fac-
tors associated with asthma, such as age, gender, and 
level of maternal education, were also included. The 
highest level of maternal education was recorded as 
“some high school,” “high school degree,” “associates 
degree or technical school,” “bachelor’s degree,” “mas-
ter’s degree,” or “professional degree (PhD, MD, JD).”

Definition of Outcome Variable
The primary outcome of interest in this study was paren-
tal report of asthma. On the questionnaire, parents were 
instructed to answer questions “pertaining to [the 
child’s] non-food allergy history.” Presence or absence 
of asthma was indicated by checkbox: “yes” or “no”. 
Those who answered yes to this question were catego-
rized as having asthma.

Statistical Methods
Prevalence of asthma was determined by simple statis-
tical analysis incorporating all cases who answered the 
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question about asthma. For each food group, 3 categories— 
allergic, not allergic, and never tried—were individually 
analyzed for association with asthma by incorporating 
the 3 categories into a logistic regression with “not aller-
gic” as the reference group and adjusting for the “never 
tried” group. Univariate analysis of the relationship 
between binary covariates, such as environmental aller-
gies, gender, parental history of asthma, eczema and 
hayfever/pollen allergy, and the outcome of asthma 
used 2 × 2 contingency tables. In each situation, odds 
ratios (ORs) were used to measure the magnitude of 
effect, and a c2 test was used to determine statistical sig-
nificance. Each covariate was evaluated for appropriate 
use in the analysis. Maternal education was grouped into 
a 3-category variable: less than or equal to high school 
diploma, bachelor’s or technical degree, and master’s or 
doctorate degree. For all analyses, maternal education 
less than or equal to high school diploma was used as 
the reference group. Age was found to have a nonlinear 
relationship with the outcome and was therefore catego-
rized by quartiles for further analysis, with the youngest 
age group as reference.

We used multivariate logistic regression to study the 
relationship between each individual food allergy and 
asthma while controlling for potential confounders. A 
forward selection regression model included all food 
allergies and candidate covariates. Significant associa-
tions from the multivariate analysis were defined as those 
with 2-sided P value ≤.05. No corrections for multiple 
tests were made. SAS version 9.2 (SAS Institute, Cary, 
NC) and SPSS version 17.0.2 (SPSS Inc, Chicago, IL) 
were used for analysis.

A post hoc analysis was performed to determine the 
effect of the number of food allergies on the prevalence 
of asthma. The number of food allergies was calculated 
as the sum of any positive food allergies, as defined 
above, for an individual subject. For analysis, groups 
were categorized as 1, 2, 3, and greater than or equal to 
4 of these 6 food allergies because there were few sub-
jects with 5 allergies and no subjects allergic to all 6 
tested foods. The contingency table was analyzed by a 
c2 test and Cochrane-Armitage trend test to examine the 
significance of the trend.

Results
A total of 1522 questionnaires were distributed among 
the 3 participating sites to be filled out in waiting rooms 
or returned by mail. Of the 1413 (93%) questionnaires 
returned, 1330 (87%) subjects answered the question 
regarding the presence of asthma. Of these, 799 (60%) 
had skin prick test or sIgE available to corroborate the 
report of food allergy. Only these subjects were included 
in the final analysis.

Table 1 summarizes the distribution of predictor 
variables and covariates among subjects with and with-
out report of asthma. It also reports the results of the 
univariate analysis for each predictor and covariate. The 
subjects were predominantly male and in their early 
school age years. Peanut was the most common food 
allergy reported (53%), followed by egg (44%), dairy 
(38%), and tree nut (24%). Eczema was reported in 
three fourths of subjects, and hayfever and pet allergy 
were each present in nearly half of this cohort. Asthma 
was reported in 365 subjects (45.6%).

For each food allergy, after adjusting for those who had 
“never tried” the food, only children with egg allergy and 
tree nut allergy had significantly higher odds of having 
asthma than those without the allergy. As expected, sev-
eral of the covariates were also positively and significantly 
associated with asthma, such as hayfever, pet allergy, and 
family history of allergic diseases. The risk of asthma 
increased sequentially by quartile of age compared with 
the youngest quartile. Besides the effect of increasing age, 
hayfever and pet allergy had the strongest associations 
with asthma. Univariate analysis of gender showed that 
female gender was negatively associated with asthma.

Figure 1 shows the prevalence of each food allergy 
reported. Nearly half of the subjects had never tried sea-
food, peanuts, or sesame seeds, more than 60% had 
never tried tree nuts. When the “never tried” group is 
removed from each food allergy, there were more peanut-
allergic subjects than non-peanut-allergic subjects, and 
for tree nuts, the proportion of allergic and not allergic 
subjects was nearly equal.

Table 2 summarizes the results of the multivariate 
analysis of food allergy and asthma in this cohort of food-
allergic children. A total of 718 subjects were included in 
the final model. After adjusting for each food allergy and 
those who had “never tried” each potential allergen as 
well as for environmental allergies, eczema, age, and 
parental history of asthma, those with egg allergy or tree 
nut allergy had twice the odds of having asthma (egg, 
OR = 2.0, 95% confidence interval [CI] = 1.3-3.2, P < .01; 
tree nut allergy, OR = 2.0, 95% CI = 1.1-3.6, P = .02). 
Other known risks for asthma, such as environmental 
allergies, parental history, and increasing age also proved 
to be independently associated with asthma, whereas 
female gender remained negatively associated with asthma. 
A regression model that included those with report of 
food allergy not corroborated by allergic sensitization as 
a separate group (because this group’s allergic status is 
unclear and is highly subject to misclassification) demon-
strated similar results (n = 1133; egg, OR = 1.6, P = .01; 
tree nut, OR = 2.1, P = .005).

Figure 2 demonstrates the positive effect of multiple 
food allergies on the prevalence of asthma (c2 P < .001; 
Cochrane-Armitage test for linear trend P < .001).
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Table 1. Demographic and Univariate Analysis of Allergic Phenotype and Association With Asthma

No Asthma  
(n = 434)

Asthma  
(n = 365)

Odds Ratio  
(95% Confidence Interval) P Value

Egg allergya 166 185 1.4 (1.1-1.8) .01
Dairy allergya 154 146 1.2 (0.9-1.5) .28
Seafood allergya   27   40 1.6 (1.0-2.7) .06
Tree nut allergya   77 113 2.3 (1.6-3.5) <.01
Peanut allergya 223 198 1.1 (0.8-1.6) .40
Sesame allergya   18   29 1.7 (0.9-3.0) .10
Pollen allergy/Hayfever 141 237 4.3 (3.2-5.9) <.01
Pet allergy 125 212 3.5 (2.6-4.7) <.01
Eczema 313 278 1.3 (1.0-1.8) .08
Female gender 181 122 0.7 (0.5-0.9) .02
Maternal asthma   74 107 2.0 (1.4-2.8) <.01
Paternal asthma   53   91 2.4 (1.6-3.4) <.01
Maternal hayfever/Pollen allergy 179 190 1.6 (1.2-2.1) <.01
Paternal hayfever/Pollen allergy 168 181 1.6 (1.2-2.1) <.01
Maternal eczema   93   93 1.3 (0.9-1.8) .16
Paternal eczema   50   68 1.8 (1.2-2.7) <.01
Maternal education
	 High school diploma or less   33   40 Reference —
	 Bachelor’s or technical degree 234 204 0.7 (0.4-1.2) .2
	 Master’s or doctorate degree 156 114 0.6 (0.4-1.0) .06
Age (quartiles)
	 First quartile (0-2.9 years) 155   31 Reference —
	 Second quartile (2.9-4.9 years) 121   81 3.3 (2.1-45.4) <.01
	 Third quartile (4.9-7.7 years)   93 111 6.0 (3.7-9.6) <.01
	 Fourth quartile (7.7-20.1 years)   59 138 11.7 (7.2-19.1) <.01
Number of food allergies <.001b

	 1 280 170
	 2   86   94
	 3   17   42
	 ≥4     4   15

aReference group is those with no allergy, adjusted for those who reported never trying the food in question. 
bc2 For contingency table.

Figure 1. Prevalence of food allergy status: bar chart 
illustrating report of food allergy response to each allergen: 
black, allergic; gray, not allergic; white, never tried

Discussion

This study shows that nearly half of children with food 
allergies report having a diagnosis of asthma. Further-
more, through a very conservative analysis in which each 
food allergy predictor was adjusted for all the potential 
food allergies and “not having tried” each of the foods as 
well as for known asthma risk factors, we demonstrate 
that a clinical history of egg and tree nut allergy are 
strongly and significantly associated with asthma.

Several cohorts of asthmatic children have been well 
characterized for allergic diatheses, and it is clear that 
food allergy in asthmatic children is highly preva-
lent.11-14,22,23 Up to 45% of children with asthma have 
food sensitivity by food sIgE.22 We hypothesized that 
the prevalence of asthma in this study would be ele-
vated given the shared immunological predisposition to 
atopic diseases. We found the prevalence of asthma to 
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from the different populations sampled. Although both 
studies rely on self-report for diagnosis of food allergy 
and asthma, subjects in our study were seen at referral-
based allergy practices, and report of allergy was cor-
roborated by food allergy sensitization. It is likely that 
our subjects had more accurate determination of clini-
cally significant food allergy because the clinical history 
was validated by objective food allergy tests.

Food allergy has been implicated as a risk factor for 
asthma,11 a trigger for asthma exacerbations,24 and a fac-
tor determining asthma morbidity.13,14 This study shows 
specific food allergies to be independently associated 
with asthma in children. In our cohort, egg and tree nut 
allergy confer significantly higher risk of associated 
asthma in children with food allergy after adjustment for 
known risk factors. The statistical model controls for 
potential confounders such as eczema, report of aller-
gies to common aeroallergens, and family history of 
atopy, which further strengthens the importance of the 
interrelationship between egg and tree nut allergy and 
asthma independently of other atopic risk factors. By 
including each food allergy in the same model, we 
account for its independent effect on the outcome, illus-
trating the strength of the association of egg and tree nut 
allergy with asthma.

Early food sensitization has been previously identi-
fied as a predictor for asthma. Rhodes et al21 demon-
strated positive skin prick test to egg or cow’s milk in 
infancy to be predictive of adult asthma in a cohort at 
risk for asthma by virtue of family history of atopy. 
Notably, these were the only food allergens tested in 
this cohort. Similarly, hen’s egg sensitization predicts 
later aeroallergen sensitization in infants with eczema25 
and, along with wheat sensitization, is associated with 
development of asthma in wheezy infants.19 Although 
remarkable, these studies demonstrate sensitization as a 
risk without explicitly assessing the clinically important 
variable of symptomatic food allergy.

In children with clinical food allergies, Tariq et al26 
found infantile symptomatic egg allergy to be strongly 
predictive of asthma in a large population-based cohort in 
the Isle of White. This association held through multiple 
regression analysis that included important demographic 
risk factors. In a smaller study, Schroeder et al17 also 
reported significant associations between several food 
allergies and asthma in a pediatric cohort in an adjusted 
model but did not report independent effects of each food 
allergy in relation to the other food allergens. The current 
study lends strength to the association between clinical egg 
allergy, documented by report and sensitization, and 
asthma in the context of adjusting for other food aller-
gens and aeroallergens. Tree nut allergy or sensitization 
has infrequently been explored in association with asthma 

Figure 2. Trend in report of asthma by number of food 
allergies: number of food allergies limited to peanut, tree 
nut, seafood, dairy, egg, or sesame seed allergy; c2 for the 
distribution, P < .001; Cochrane-Armitage test for linear 
trend P < .001

Table 2. Multivariate Analysis of Allergic Phenotype and 
Association With Asthma

Asthmaa

Odds Ratio  
(95% Confidence  

Interval)
P 

Value

Egg allergyb 2.0 (1.3-3.2) <.01
Dairy allergyb 1.0 (0.8-2.8) .93
Seafood allergyb 1.0 (0.4-2.2) .94
Tree nut allergyb 2.0 (1.1-3.6) .02
Peanut allergyb 1.5 (0.9-2.6) .1
Sesame allergyb 1.4 (0.6-3.3) .5
Pet allergy 2.0 (1.4-2.9) <.01
Pollen allergy 2.5 (1.7-3.7) <.01
Paternal asthma 2.0 (1.2-3.1) <.01
Maternal asthma 1.6 (1.0-2.4) .04
Female gender 0.7 (0.5-0.9) .02
Age (quartiles)
	 First quartile Reference —
	 Second quartile 3.0 (1.7-5.2) <.01
	 Third quartile 4.1 (2.3-7.4) <.01
	 Fourth quartile 7.1 (3.8-13.3) <.01
Eczema 1.5 (1.0-2.3) .08

aAdditionally adjusted for never tried each food allergen.
bReference group is those with no allergy.

be 45.6% in our food-allergic pediatric cohort. This is 
markedly higher than the 29% prevalence of asthma in 
food-allergic children found by the US National Center 
for Health Services (NCHS) from data collected by 
national telephone survey2 in an unselected sample of 
the general population. This difference likely stems 

 at Instituto Superiore Di Sanita on November 27, 2010cpj.sagepub.comDownloaded from 

http://cpj.sagepub.com/


6		  Clinical Pediatrics XX(X)

in food allergic children27 and has not been shown to have 
an independent effect when adjusting for other food aller-
gies. The current analysis demonstrates tree nut allergy to 
be strongly and significantly associated with asthma inde-
pendent of other food allergies.

Because this study only recruited children from subspe-
cialty allergy clinics with reported food allergies, it is not 
unusual that many of the subjects had not yet tried some of 
the foods in question. This may be a result of general food 
introduction guidelines,28 which recommended delaying 
the introduction of common allergens in high-risk children. 
Additionally, some families may have been instructed to 
avoid introducing foods to which the child showed labora-
tory or skin-prick test sensitivity prior to first ingestion. In 
multivariate analyses, those who had never tried peanut 
and sesame seed had significant association with asthma, 
which may be explained by such avoidance. It is difficult to 
interpret data for subjects who had not tried a food without 
information regarding why they had not tried it; however, 
we adjusted for all the “never tried” responses in our mul-
tivariate regression analysis. The positive findings of this 
study take into account this group for whom we have lim-
ited information.

Though up to 9% of children may have food-induced 
wheeze as their only allergic manifestation to a food 
allergen,29,30 it is unlikely that this accounts for the mag-
nitude and significance of the egg and tree nut effect 
found here. The foods most often associated with food-
induced wheeze in asthmatics are eggs, milk, and fish,29 
which would not explain the effect of tree nut in our 
study. Additionally, several studies have shown that 
individuals with specific food allergies, particularly to 
peanut but also to egg and dairy, have greater morbidity, 
including bronchodilator use, steroid use, and severe 
asthma exacerbations, independently of concurrent expo-
sure to these allergens.13,31

It has been suggested that the risk for asthma 
increases with the number of food allergies.17 Our find-
ings support the mounting evidence that greater number 
of food allergies is also an important factor associated 
with asthma. This study investigated allergies to 6 food 
items in a population of children selected for report of 
any food allergy. When evaluating the cumulative num-
ber of food allergies out of the 6 queried, we observed a 
highly significant positive trend with report of asthma.

Our study is limited by the lack of information on 
some possible confounding factors such as race and direct 
indicators of socioeconomic status (SES). Maternal level 
of education has been correlated with SES in previous 
asthma studies32 and serves that purpose here. This vari-
able showed a nonsignificant positive effect on increased 
asthma risk with lower level of maternal education in the 
univariate analysis, as would be expected from an 

SES-related variable.32 Parental report as the basis for the 
primary predictor variables tested allow recall bias, 
though potential overreporting of allergic reaction was 
limited by corroborating evidence of sensitization. Dou-
ble-blind food challenge would be ideal to identify those 
with true food allergy; however, this was beyond the 
scope of this study. The report of asthma was not cor-
roborated by objective data and still may fall subject to 
recall bias.

Conclusions
There is a high prevalence of asthma among the pediatric 
food-allergic population. We demonstrate that egg and tree 
nut allergy, independent of other food allergies, are associ-
ated with asthma in a large study of food-allergic children. 
These findings suggest that clinicians should have a low 
threshold to suspect asthma in children with food allergies, 
especially if the child is allergic to eggs or tree nuts.
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