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Abstract
Background—The atopic march is well documented, but the inter-relationship of food allergy
(FA) and asthma is not well understood.

Objective—To examine the strength of the association and temporal relationships between food
allergy and asthma.

Methods—This analysis included 271 children ≥6 years (older group) and 296 children <6 years
(younger group) from a family-based FA cohort in Chicago, IL. Asthma was determined by
parental report of physician diagnosis. FA status was determined based on type and timing of
clinical symptoms after ingestion of a specific food, and results of prick skin test (Multi-Test II)
and allergen specific IgE (Phadia ImmunoCAP). Analyses were carried out using logistic
regression accounting for important covariates and autocorrelations among siblings. Kaplan-Meier
curves were used to compare the time to onset of asthma by FA status.

Results—Symptomatic FA was associated with asthma in both older (OR=4.9, 95%CI:2.5–9.5)
and younger children (OR=5.3, 95%CI:1.7–16.2). The association was stronger among children
with multiple or severe food allergies, especially in older children. Children with FA developed
asthma earlier and at higher prevalence than children without FA (Cox Proportional hazard
ratio=3.7, 95%CI:2.2–6.3 for children ≥6 years and hazard ratio=3.3, 95%CI:1.1–10 for children
<6 years of age). No associations were seen between asymptomatic food sensitization and asthma.

Conclusions—Independent of markers of atopy such as aeroallergen sensitization and family
history of asthma, there was a significant association between FA and asthma. This association
was even stronger in subjects with multiple food allergies or severe food allergy.
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INTRODUCTION
Food allergy is a prevalent pediatric condition affecting 2–6% of children [1–4] and 1 to
3.2% of adults[4,5]. Asthma is even more common, with 5 to 8% of the US population
suffering from asthma.[6,7] Over the past decades, both diseases have shown an increasing
prevalence in children in the US[8–10] and worldwide.[11,12] Prior large epidemiological
studies[13,14] have suggested that food allergy precedes asthma in average age of onset.
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Other studies have suggested that food allergen sensitization[15–19] is a risk factor for the
development of asthma. Indeed, these diseases are often co-morbid [20,21] and the
relationship of these atopic diseases has often been described as “the atopic march”.[13,14]

Most studies have focused on the relationship of food allergen sensitization to either
aeroallergen sensitization or asthma.[13,18,19] There are fewer studies evaluating the
association between clinical food allergy and asthma.[22,23] These studies have either had
smaller numbers of subjects,[22] or only followed the children through preschool years.[23]
Notably, these studies have had conflicting results. Similarly, previous primary prevention
trials of asthma which have included food avoidance have had equivocal results when taken
as a whole.[24–27]

In addition, the underlying reason for the association of food allergy and asthma is not well
studied. While food allergy and asthma may share some common risk factors such as atopy,
it is also possible that they are causally related. One prior study found the association of
food allergy and asthma to be independent of aeroallergen sensitization.[16] This finding,
while intriguing, has not been replicated. Studies of oral food challenges have found changes
in bronchial hyper reactivity (BHR) or lung function[28,29] to be associated with clinical
reactivity to food.

Finally, study of the inter-relationship of these two diseases is complicated by the fact that
the natural history including age of onset for food allergy and asthma appear to be different.
[30,31] As such, studies may be variably affected by older children having outgrown food
allergy and by a number of younger children not having developed the outcome of asthma. It
is possible that the inter-relationship of food allergy and asthma may differ by age group in
children. To date, there is a lack of in-depth analysis on the inter-relationship between food
allergy and the development of asthma by age group in a sample of U.S. children.

We studied a sample of well-phenotyped children from a family-based food allergy study
cohort enrolled in Chicago. We sought to determine: 1) the strength of the association
between food allergy (clinically symptomatic) and asthma, and also between asymptomatic
sensitization and asthma, 2) the dose response relationship between numbers of food
allergies and severity of food allergy and the odds of having been diagnosed with asthma.
As part of this analysis, we sought to determine whether any association was independent of
measures of atopy and aeroallergen sensitization. We also carried out a secondary analysis
to explore the temporal relationship between these two diseases. A better understanding of
the relationship between these two diseases may provide new insight into the natural history
of food allergy and asthma, and measures for early intervention.

METHODS
Study population and data collection

This report included a total of 567 children (271 children 6 years of age and older and 296
children less than 6 years of age). These children were enrolled as part an ongoing family-
based food allergy study in Chicago, IL, which includes families both with and without food
allergy. Families were recruited through general medical and allergy specialty clinics,
community support groups, and advertisements in media. Families with food allergy were
derived primarily from allergy specialty clinics, community support groups, and
advertisements in media. Families without food allergy were primarily derived from general
medical clinics, and advertisements in the media. Of the total 567 children included in this
study, 410 were seen at Children’s Memorial Hospital, and 136 were patients in the Division
of Allergy and Immunology. Eligible families were those having (1) either one or both
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parents willing to be enrolled and (2) at least one biological child (aged 0 to 21 years) with
or without food allergy. The presence of asthma was not an eligibility or exclusion criterion.

Information regarding the food allergies and medical history of each family member was
collected through a questionnaire-based interview conducted by trained research staff. A
clinical evaluation, including height, weight, blood pressure, and prick skin tests were
performed on each participating family member. Venous blood samples were collected from
each participating family member. For those children receiving care in the Allergy and
Immunology Clinic at Children’s Memorial Hospital, ICD-9 codes were collected and
compared to parent report.

The Institutional Review Board of Children’s Memorial Hospital approved the study
protocol. All participating families provided written informed consent.

Total and specific IgE measurement
Total serum IgE, specific IgE (sIgE) for 9 food allergens (egg white, sesame, peanut, soy,
milk, shrimp, walnut, cod fish, and wheat) and sIgE for 6 aeroallergens (Dermatophagoides
pteronyssinus and Dermatophagoides farinae, cat dander, dog dander, German cockroach,
and Alternaria alternata) were measured for each subject using the Phadia ImmunoCAP
system. The calibration range for total IgE was from 2.0 to 5,000 kU/L. The calibration
range for sIgE was from 0.1 to 100 kUA/L. Total and sIgE assays were performed by the
Clinical Immunology Laboratory at Children’s Memorial Hospital, a CLIA certified
laboratory for the ImmunoCAP assay.

Prick skin test (PST)
Skin testing was performed on the volar surface of the arms on normal skin using Multi-Test
II (Lincoln Diagnostics, Decatur, IL). Subjects were tested to 14 allergens, including 5
aeroallergens (Alternaria tenius, house dust mite mix [equal parts mixture of D. farinae and
D. pteronyssinus], cat hair, dog epithelia, cockroach mix [American and German
cockroach]) and 9 foods (cow milk, egg white, soybean, wheat, peanut, English walnut,
sesame seed, fish mix [cod, flounder, halibut, mackerel, tuna], and shellfish mix [clam, crab,
oyster, scallops, shrimp]) plus negative (50% glycerinated saline) and positive (histamine,
1.0 mg/mL) controls (Greer, Lenoir, NC). The results were measured 15 minutes after
application. The test was considered positive if the mean wheal diameter (MWD) was 3 mm
or greater than the saline control. Data was excluded if the saline control was ≥3 mm, the
histamine control was <3 mm, or if the difference of histamine minus saline was <3 mm.

Definition of food allergy
Food allergy status was determined by applying a set of clinical criteria to data gathered
from the questionnaire-based interview performed by study staff and results of sIgE
measurements and PST. Clinical criteria for symptomatic food allergy were met if tests
(sIgE or PST) corroborated typical symptoms of an allergic reaction to a food with onset
within 2 hours of ingestion. Symptoms included any one of the following: skin (hives or
angioedema); respiratory tract (difficulty breathing, shortness of breath, repetitive coughing,
wheezing, chest tightness); oropharyngeal (throat tightness, choking, or difficulty
swallowing; tongue swelling); cardiovascular (fainting, dizziness, light-headedness, or
decreased level of consciousness); or gastrointestinal (vomiting). Tests were considered
corroborative if sIgE was present for the reported food allergen (>=0.1 kUA/L for
ImmunoCAP) or if there was a positive PST as defined above. Children were considered
food allergic if they met the above criteria for at least one specific food. Those with negative
PST or Immunocap levels were not included as cases even if the parent reported history was
supportive since the prevalence of food allergy by self report is inflated compared to other
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methods such as food challenge.[32] Also, individuals with both negative immunocap and
negative skin tests are very unlikely to have a positive challenge.[33,34]

Food allergy was also characterized as severe (suggestive of anaphylaxis) or non-severe (all
other symptomatic cases meeting our clinical criteria) based on symptoms. The criteria for
severe allergy could be met in one of 2 possible ways. First, subjects could have
involvement of the skin, mucosal tissue or both and at least one manifestation of respiratory
compromise or cardiovascular dysfunction as described above. Second, subjects could have
any one of the above listed symptoms along with persistent gastrointestinal symptoms
(vomiting).

Asymptomatic food sensitization was defined as either a detectible level (0.1 kUA/L) of
sIgE or a positive PST as defined above to a particular food, but no reported clinical
symptoms to that food. The earliest age of food allergy symptoms was based on parental
report in a questionnaire-based interview performed by study staff. A subset of 129 children
received specialty medical care in the Allergy and Immunology Clinic at Children’s
Memorial Hospital. In this subset, 100% of our study subjects who were defined as having
food allergy by our criteria were also diagnosed as having food allergy in the Allergy and
Immunology Clinic.

Ascertainment of asthma
This analysis focused on current asthma, which was defined as parental report of physician
diagnosis and being symptomatic in the year prior to the survey. These outcomes and the
earliest age of reported asthma symptoms were determined by questionnaire-based interview
performed by study staff.

A subset of children (n=69) with parent reported asthma were also followed by the Allergy
and Immunology clinic at Children’s Memorial Hospital. Asthma status was verified by
physician diagnosis in 94.2% of this subset of study participants.

Statistical analysis
Our primary analyses were carried out in an age group stratified manner (<6 years of age
and ≥6 years of age), with a focus on current food allergy and asthma. The rationale for
stratified analyses was that the associations between food allergy and asthma may vary by
age group due to differences in the age of onset and natural history between food allergy and
asthma. Children may develop tolerance to some food allergies as they grow. Younger
children with physician diagnosis of asthma may include a proportion with transient
wheezing, whereas older children with physician diagnosis of asthma may be more likely to
be true asthma cases. [31]

We carried out logistic regression modeling to assess the association between food allergy
diagnosis (Table II and Online Table E1), asymptomatic sensitization (Online Table E2A
and E2B), number of food allergies (Table II) and severity of food allergies (Table III and
Online Table E3) and the risk of asthma, adjusting for covariates as specified below, as well
as adjusting for the correlation between siblings in the same family as a random effect.

Potential confounding variables included basic demographic measures, socioeconomic status
measures, and factors known from the literature to be associated with asthma or food
allergy. We then examined each of these possible confounders individually (univariate
modeling) in a model with the dependent variable of asthma and independent variable of
food allergy, adjusting for intrafamilial correlation. This included addition of the potential
confounder to the univariate relationship between food allergy and asthma, evaluating
whether this resulted in a shift in the odds ratio for asthma. Confounders that were
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significant in univariate models and resulted in a shift in the odds ratio (of greater than 0.2)
for the relationship were then adjusted for in the multiple regression analyses.

The confounders that were adjusted for in the multiple regression models were: age
(continuous), race (Minority vs. White/Unknown), gender, sensitivity to aeroallergens
(positive skin test for alternaria, cat, dog, dust mite or cockroach), household income, and
family history of asthma (either mother or father reported current or outgrown asthma). In
our initial models, we included total IgE in addition to sensitization to aeroallergens, but this
variable was not significant in the model and did not change the results. As such, this
variable was not included in final models.

Using a similar approach, we also examined the association between specific food allergies
and asthma (Table E1). We also evaluated the association of asymptomatic food allergen
sensitization with asthma (Table E2). This secondary analysis included as cases only those
subjects who had asymptomatic sensitization (positive skin test or sIgE >0.1 kUA/L) and no
clinical symptoms associated with food ingestion. The reference group for the analyses
involving asymptomatic sensitization was the same as the main analysis, and included only
those individuals with no clinical food allergy and no evidence of sensitization to foods. Due
to sample size limitations, online Tables E2A present unadjusted statistics. In Table E2B,
where possible, significance was determined adjusting for the limited subset of the
covariates. Some models of the individual food allergens did not converge due to small cell
sizes. For other food allergens with very few numbers, unadjusted statistics are presented as
specified in Table E2B and E3.

We also compared time-to-asthma onset between children with and without food allergy in
Figure 1, using Kaplan-Meier estimates implemented in SAS. Significance for the
comparison of age of asthma onset between those with and without food allergy was
determined using Cox Proportional Hazard modeling, adjusting for the covariates specified
above in the main regression model.

All statistical analyses were conducted in SAS 9.1 (The SAS Institute, Cary, N.C.). Level of
significance used was alpha < 0.05 (two-sided).

RESULTS
This analysis included 271 children who were 6 years of age and older and 296 children who
were less than 6 years of age at the time of study entry. The characteristics of these two
groups of children are presented in Table I. This is a predominantly Caucasian population
ranging from middle to high income families, from urban to suburban Chicago. The
prevalence of food allergy and asthma is 71% and 24% in the younger age group, and 56%
and 48% in the older age group. Among asthmatic children, 94.4% and 80.2% had
coexistence of food allergy in the younger and older age group, respectively. By way of
validation, a subset of 129 children were seen in the Allergy and Immunology Clinic at
Children’s Memorial Hospital, and 100% who were defined as having food allergy by our
criteria also had a corroborative physician diagnosis of food allergy. Likewise, of a subset of
69 children with parent reported asthma seen in the Allergy and Immunology Clinic at
Children’s Memorial Hospital, 94.2% had a physician diagnosis of asthma to validate the
parent report.

The median time difference from time of first reaction to study evaluation was
approximately 3 years for all foods. Between initial symptoms and enrollment in the study,
the median time lapse and interquartile range for the common foods evaluated were 3.68 y
(1.61–6.25) for peanut, 3.35 (1.36–5.84) for egg, and 3.90 y (1.65–6.35) for milk,
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respectively. The overall median age and interquartile range of the cohort at initial
assessment was 5.33 years (3.34–8.53years).

The presence of a symptomatic allergy to any food allergen that met our criteria was
strongly associated with having an asthma diagnosis in both the older children (OR=4.9,
95%CI: 2.5–9.5, p <0.0001) and the younger children (OR=5.3, 95%CI: 1.7–16.2,
p=0.0034). This association between symptomatic food allergy and asthma persisted even
after controlling for age, gender, ethnicity (white vs. non-white), intrafamilial correlations,
household income, family history of asthma, and aeroallergen sensitization. In the older
children, we also evaluated the associations of asthma with specific type of food allergy as a
secondary analysis (Table E1), finding similar associations.

We evaluated the independent contribution of asymptomatic food allergen sensitization to
asthma among the group of children that did not have clinical symptoms of food allergy as
compared to those without symptoms and without sensitization in both the younger and
older children. No statistically significant associations were observed between asymptomatic
sensitization as determined by PST and asthma (Table E2A). Similarly, merely having
detectable levels of sIgE to food allergens failed to reach statistical significance (Table E2B)
except for a marginal association with soy.

Table II shows the relationship between the number of food allergies and asthma in the
study population. As compared to children without food allergy, the association with asthma
illustrates a striking dose effect in older children as the number of food allergies increases.
Older children with one food allergy were found to have 3.2 times greater odds for having
an asthma diagnosis than children without food allergy (OR=3.2, 95%CI: 1.5–6.7,
p=0.0021). For children with two or more food allergies, the association is even stronger
(OR =8.6, 95%CI: 3.8–19.3, p <0.0001). In the children under 6 years of age a dose
response was less obvious. Younger children with one food allergy were found to have 5.1
times greater odds for having an asthma diagnosis (OR=5.1, 95%CI: 1.6–16.2, p=0.0053)
and for those with 2 or more food allergies the OR increased to only 5.8 (95%CI: 1.8–18.9,
p=0.0033).

We also evaluated whether increasing severity of food allergy was associated with a greater
odds of having an asthma diagnosis. We found that a severe food allergy to at least one food
was strongly associated with the diagnosis of asthma, as shown in Table III. Older children
with a severe allergy to any food had a 6.0 fold (95%CI: 3.0–12.4, p<0.0001) increased risk
of developing asthma compared to children without food allergy. Whereas, older children
with a non-severe food allergy to any food allergen had only a 2.9 (95%CI: 1.2–7.0,
p=0.0174) greater odds of having asthma. A similar pattern was seen in the children <6
years of age. Younger children with severe food allergies had a 6.2 fold (95%CI: 2.0–19.3,
p=0.0017) increased risk of developing asthma, while those with non-severe food allergies
had a 3.8 (95%CI: 1.1–13.2, p=0.0322) increased risk. The associations for specific food
allergens were evaluated in older children and for severe allergies to milk, egg, and peanut,
all three of these reached statistical significance in a model including age, gender, ethnicity,
intrafamilial correlations, family history of asthma and aeroallergen sensitization (Table E3,
online supplement). Other food allergens had insufficient numbers for adjusted analyses.
These analyses of severity of reaction to specific food allergens did not exclude those with
multiple food allergens due to sample size issues.

The time from age of first food allergy onset and age of asthma onset was evaluated for both
the older and the younger age groups using time-to-asthma analysis (Figures 1 and 2). In the
older age group, for children with food allergy the median age of onset of asthma was 5
years (95 %CI: 4–7). In the younger children, the median age of onset of asthma in children
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with food allergy was 2.3 years (95 %CI: 1.8 – 3.3). Children in our sample with food
allergy developed asthma significantly earlier than children without food allergy. Cox
proportional hazards modeling, adjusted for age, gender, ethnicity (white vs non-white),
intrafamilial correlations, household income, family history of asthma, and aeroallergen
sensitization, demonstrated earlier onset of asthma in children with food allergy than those
without. Younger children with food allergy were at 3.3 times of hazard for developing
asthma (HR=3.3, 95%CI: 1.1–10.0, p=0.0362) and older children with food allergy were at
3.7 times of hazard for developing asthma (HR=3.7, 95%CI: 2.2–6.3, p<0.0001) than their
non-allergic peers.

DISCUSSION
Asthma and food allergy have been described as part of the “atopic march”; however, there
is a lack of in-depth analysis on the inter-relationship between symptomatic food allergy and
the development of asthma. This study has several strengths. We examined food allergy both
in terms of clinically symptomatic food allergy and asymptomatic sensitization. We
examined food allergy as a whole, specific food allergies, as well as number and severity of
food allergy. We studied the food allergy-asthma relationship in a large sample of U.S.
children stratified by age group (<6 vs. ≥6 years) to account for differences in the age of
onset and natural history of these two diseases. Our analysis also accounted for important
covariates or confounders such as family history, total IgE, and aeroallergen sensitization.

Our study confirmed a number of findings of other studies. Consistent with a prior report,
[15] we found a strong association between symptomatic food allergy and asthma.
Furthermore, we found this effect was independent of family history and aeroallergen
sensitization, which is corroborated by one other study which also accounted for
sensitization to aeroallergens.[16] Both egg and milk allergy have been specifically
implicated as risk factors for the development of asthma.[35–38] Our study corroborated this
but also found that other allergens such as peanut and tree nut were also strongly associated
with the development of asthma.

Our study has contributed several novel observations to the literature as well. We found
evidence of a dose effect in terms of both number and severity of food allergies with the
likelihood of having a diagnosis of asthma. In contrast, we found no association between
asymptomatic sensitization to food allergens and asthma. While one smaller study also had
showed no association of individual food allergen sensitization and asthma, [17] this finding
is in contrast to other studies which showed an association with sensitization in general.
[15,18,19] However, compared to these other studies, our analysis of sensitization was
limited to children who were sensitized but without any clinical manifestations of food
allergy. The implication of our findings is that there may be other links between food allergy
and asthma aside from atopy alone, and that this relationship becomes stronger with the
presence of greater severity and numbers of food allergies.

While limited by recall bias and the cross-sectional nature of the study, our data suggested
temporal relationships between food allergy and asthma, with food allergy being diagnosed
earlier than asthma. The Kaplan Meier curve shows that with the presence of food allergy
the time to first asthma symptoms is earlier than that for children without food allergy. This
is consistent with the prior literature on the atopic march.[13,35]

Our study was careful to study the older and younger (<6 years of age) children separately
for a number of reasons. The older children were ≥6 years of age at enrollment and had a
current diagnosis of asthma, making this unlikely to simply be transient wheezing.[31] In the
younger children, transient wheezing cannot be excluded. On the other hand, some of the
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children may outgrow their food allergy by the time they are 6 years of age. Nevertheless,
the overall pattern of the food allergy-asthma association was consistent across the age
groups.

There are a number of considerations and cautions in interpreting our findings. Food
allergies were not confirmed by food challenge but by fulfilling clinical criteria which
included having a corroborative allergy test in the presence of typical (self-reported)
symptoms of a food allergic reaction within 2 hours of ingesting the food. The symptoms
included muco-cutaneous symptoms of urticaria or angioedema, respiratory symptoms, or
cardiovascular symptoms. Gastrointestinal symptoms were only included as indicative of a
reaction in the presence of one of the other symptoms mentioned.

While this is not equivalent to the results of a challenge, it is better than self-report or
physician diagnosis alone. Our approach is consistent with other published studies of food
allergy in which food challenge was not required to establish existence of food allergy[39–
42] and in some cases our approach is more strenuous as we incorporated serologic criteria
in addition to clinical history.[43] Finally, the types of patients described as having food
allergy in this study would be consistent with those who would be diagnosed as having food
allergy in a specialist clinic as noted by the fact that 100% of the subset of subjects seen in a
tertiary care Allergy Immunology Clinic were diagnosed as having food allergy. Certainly,
those with severe food allergy by our definition would be classified as having anaphylaxis,
and such patients were not challenged in other studies which have utilized challenge as a
gold standard.[41]

Furthermore, there may be some concern as to whether some children assessed in our study
may have outgrown their food allergy by the time of assessment. The median age of the
children in our study was 5.3 years with the median time lapse from initial symptoms to
participation in the study assessment being 3 years. While it is possible that some children
could have outgrown the allergy by the time of participation, this may be less likely at this
age, given some recent studies of food allergic cohorts.[40,42] Also, there were very few
individuals who were excluded from being cases on the basis of negative allergy testing
after having met our clinical criteria for symptoms and timing.

With regard to asthma, physician diagnosis in the younger age group may be inclusive of
individuals with transient wheezing. This would explain the weaker findings in this age
group. There is also a chance that subjects are more likely to be diagnosed with asthma if
they have food allergy based on physician judgment. This could be a source of bias in the
younger children. Ongoing follow-up of these children will help to ascertain the extent to
which this is a problem. Physician diagnosis of asthma in those older than 6 years is unlikely
to represent simply transient wheezing in our sample.[31] However, the rate of asthma in the
children over 6 years of age was 20%. Thus, there is some oversampling of asthmatic
children in the group of children over 6 years of age. As such, our results are biased towards
the null hypothesis, implying that the actual effect sizes are even greater than those which
we report. Also, the association of the severity of the reaction and the presence of a
diagnosis of asthma does not prove that anaphylaxis increases the risk of asthma. As noted
in prior literature,[44] [45] asthma itself may be a risk factor for severe food allergy
reactions.

There are a few potential sources of selection bias in this study. One point should be noted,
the strongest associations were seen in the older age group. One possible reason for this may
be due to the fact that this group represents individuals who are more likely to have
persistent food allergy. Exclusion of some subjects who may have outgrown their food
allergy may have augmented some of these findings and made this sample less
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representative of the general population with food allergy. However, this is in keeping with
our other findings that those with multiple or severe food allergies are more likely to have
asthma. A second point is that the controls were aware that the study was evaluating food
allergy. While it is possible that the parents in these families may have been more interested
if there was a family history of atopic disease, our rates of asthma in this population are not
out of keeping with what would be expected with 8.9% of the children over 6 years of age
having a diagnosis of asthma in control families. Even if there was a higher incidence of
atopic family history (and hence asthma in the offspring) in control families compared to the
general population, this would bias our results towards the null hypothesis and not be an
explanation for our findings. Another potential source of bias towards a positive association
is that a diagnosis of asthma is more likely in the younger age group if the child has
recurrent wheezing and has a food allergy as stated above. However, in a subset of 129
children with accessible medical records, a diagnosis was made by pediatric allergists in our
tertiary care hospital who use asthma predictive indices in their assessments.[46] A total of
35 children < 6 years of age had asthma by report and were also seen at our institution. The
rate of agreement for a specialist diagnosis of asthma in this subgroup under 6 years old with
self report of an asthma diagnosis was 30/35 diagnosed as asthma and 5/35 given a
symptomatic diagnosis of “wheezing”. Finally, since this is not a population based study and
there may be some degree of selection bias as outlined above, caution is needed when
extrapolating our findings to the general population.

Our data evaluating the temporal relationship were derived from a cross-sectional analysis
and may be subject to recall bias. As such, these findings are suggestive and need
confirmation in a large, longitudinal birth cohort study. Notably, longitudinal studies of
sensitization have shown a similar temporal pattern for food allergen sensitization and the
development of asthma, but did not specifically address clinical food allergy (as opposed to
sensitization) as a primary determinant. [15,18,19] While similar predictions between food
allergy and what was termed asthma at 24 months have been noted in the past,[23] that study
had not followed children beyond an age where diagnoses of asthma may be distinguished
from transient wheezing Also, a prior study evaluating this issue in a longitudinal fashion
may not have found an association with asthma at 7 years of age due to insufficiently large
sample size.[22] Therefore, the significantly earlier onset of asthma in those with food
allergy needs to be explored in large longitudinal birth cohorts.

Despite the limitations, our data is valuable for hypothesis generation and planning of future
studies. The dose effect and the fact that these findings are independent of aeroallergen
sensitization and family history of atopy imply that there may be more than just the common
link of atopy which may contribute to this association. Indeed, there is some suggestion that
those with food allergy may have more of a neutrophilic type of airway inflammation,[47],
which is associated with more severe asthma.[48] Our study raised the possibility of certain
common environmental and genetic factors underlying both food allergy and asthma, which
warrant additional investigations.

Our findings, if replicated by future studies, may have important clinical implications. Food
allergy may play a role in patients in whom asthma is poorly controlled with increased levels
of health care utilization.[20,21]Similarly, if food allergy is a risk factor for asthma
development, a logical question would be how to reduce the risk of asthma among children
with food allergy. One topic that was explored previously was whether infant feeding
interventions could modify the risk of asthma. This is particularly relevant given the recent
AAP task force statement.[49] This area is highlighted by the contradictory nature of the
previous literature including prevention studies with a dietary component,[24–27,50] and
studies evaluating the role of breastfeeding in children of asthmatic or atopic mothers.[51–
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53] While it is possible that interventions to prevent or mitigate food allergy in early life
could reduce the risk of asthma, more prospective studies or intervention trials are needed.

In summary, our data indicated a strong association, a dose effect, and a possible temporal
relationship between symptomatic food allergy and asthma. Our findings add to the
literature that food allergy may be one of the risk factors for the development of asthma.
Since these findings are derived from a cross-sectional analysis and are not sufficient to
imply causality[54] especially in a complex disease such as asthma, further prospective birth
cohort studies are needed to validate these findings. Also, further studies are necessary to
evaluate underlying mechanisms behind this association aside from the common risk factor
of atopy.
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Figure 1.
Age of Onset for Asthma for Children <6 years old with and without Food Allergy (FA)
Groups represented are as follows: Dashed line represents children without FA and the solid
line represents children with FA.

Schroeder et al. Page 14

Clin Exp Allergy. Author manuscript; available in PMC 2010 August 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Age of Onset for Asthma for Children >=6 year old with and without Food Allergy (FA)
Groups represented are as follows: Dashed line represents children without FA and the solid
line represents children with FA.
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Table I

Epidemiological and Clinical Characteristics of Study Children, Stratified by Age Groups.

Total Children aged < 6 Children aged 6 or older

N: Children 567 296 271

N: Families 403 234 208

# of Children with food allergy 361 209 (71%) 152 (56%)

# of Children with asthma 201 72 (24%) 129 (48%)

age, mean(std) 3.3 (1.5) 10.2 (3.2)

 Median (range) 3.3 (0.3 – 6.0) 9.3 (6.0 – 20.8)

Gender: Male 66% 53%

Caucasian 90% 85%

Aeroallergen sensitization 52% 56%

Family income:

 $0–20,000 1% 7%

 $20,000–40,000 5% 7%

 $40,000–100,000 17% 15%

 $>100,000 77% 70%

Mother’s Education:

 High School or less 4% 7%

 College degee or less 55% 62%

 Grad or professional 41% 31%

Father’s Education:

 High School or less 4% 12%

 College degee or less 60% 50%

 Grad or professional 36% 38%

Attended daycare 64% 81%

Pet in home 53% 63%

Breastfed 93% 86%

 Exclusively 24% 27%

Mother smoked during pregnancy 5% 6%

Mother smoked postnatally 4% 6%

Child exposed to passive smoke 13% 17%

Family history atopy 86% 89%

Family history asthma 44% 44%
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