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Abstract: Food allergy is a potentially severe immune response to a food or food additive. 

Although a majority of children will outgrow their food allergies, some may have lifelong 

issues. Food allergies and other atopic conditions, such as asthma, are increasing in prevalence 

in Western countries. As such, it is not uncommon to note the co-existence of food allergy and 

asthma in the same patient. As part of the atopic march, many food allergic patients may develop 

asthma later in life. Each can adversely affect the other. Food allergic patients with asthma 

have a higher risk of developing life-threatening food-induced reactions. Although food allergy 

is not typically an etiology of asthma, an asthmatic patient with food allergy may have higher 

rates of morbidity and mortality associated with the asthma. Asthma is rarely a manifestation 

of food allergy alone, but the symptoms can be seen with allergic reactions to foods. There 

may be evidence to suggest that early childhood environmental factors, such as the mother’s 

and child’s diets, factor in the development of asthma; however, the evidence continues to be 

conflicting. All food allergic patients and their families should be counseled on the management 

of food allergy and the risk of developing co-morbid asthma.
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Introduction, prevalence, and natural  
history of food allergy
An adverse food reaction is abnormal response to a food or food additive. Adverse 

food reactions may involve a physiologic response such as noted with food intolerance 

or may involve an abnormal immune response as seen with food allergy. Food allergy 

can involve immunoglobulin E (IgE)-mediated or non-IgE-mediated reactions, and 

although they may present differently, they are frequently treated similarly.1

The prevalence of food allergy has been difficult to estimate at times. A recent 

meta-analysis of 51 studies demonstrated that the prevalence of self-reported food 

allergy to cow’s milk, egg, peanut, fish, and shellfish varied between 3% and 35%. 

However, when the data were analyzed from six studies using oral food challenges 

(OFCs), the prevalence of food allergy was between 1% and 10.8%.2 In 2007, three 

million children under 18 years (3.9%) were reported to have a food allergy in the 

previous 12 months and from 1997 to 2007, the prevalence of reported food allergy 

actually increased by 18% among this group.3 The most common food allergens in 

young children are milk (2.5%), egg (1.3%), peanut (0.8%), wheat (0.4%), soy (0.4%), 

tree nuts (0.2%), fish (0.1%), and shellfish (0.1%).4 Initially, it was thought that 85% of 

children would outgrow milk, egg, wheat, and soy allergy by 5 years of age; however, 
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recent data from a tertiary medical center indicate that this 

may not always be the case.1 Cow’s milk allergy was found to 

resolve in only 19% of their patients by 4 years of age, 42% 

by 8 years, 64% by 12 years, and 79% by 16 years.5 The group 

found similar results for the natural history of egg, wheat, 

and soy allergy. Only 4% of their patients with egg allergy, 

29% of patients with wheat allergy, and 25% of patients with 

soy allergy had resolution of their food allergy by 4 years 

of age.6–8 It was also previously thought that peanut and tree 

nut allergy were not commonly outgrown, but studies have 

shown approximately 20% of children may outgrow peanut 

allergy and 9% may outgrow tree nut allergy.1,9,10 The most 

common food allergies in adults are shellfish (2%), scaled fish 

(0.4%), peanut (0.6%), and tree nuts (0.5%) which usually 

persist throughout life.4

The diagnosis of food allergy
The diagnosis of food allergy has remained the same for 

many years. The diagnostic approach is similar to other 

conditions and always begins with a detailed food history. 

The history should focus on whether a food-induced allergic 

reaction occurred and the possible causal food(s); this may 

be difficult at times when one considers the issue of hidden 

ingredients. It is also important to determine the quantity of 

food ingested, the length of time between the ingestion and 

development of symptoms, whether similar symptoms have 

occurred with previous ingestions, whether ancillary factors 

(ie, exercise, ingestion of aspirin or alcohol) were involved, 

and when the last reaction occurred.11 The history can also 

assist in determining if the reaction is IgE-mediated, non-

IgE-mediated, or neither. IgE-mediated reactions typically 

have a rapid onset, while non-IgE-mediated (usually T-cell 

mediated) reactions occur hours to days later. Cell-mediated 

food allergy reactions usually involve cow’s milk and soy 

allergy, involve the gastrointestinal tract, and primarily affect 

infants.12 IgE-mediated food allergy reactions may affect 

the skin, gastrointestinal tract, respiratory tract, or even the 

cardiovascular system and include signs and symptoms such 

as oral pruritus, facial angioedema, urticaria, vomiting, rhi-

norrhea, coughing, wheezing, and hypotension.13

The physical examination should focus on atopic stig-

mata, such as eczema, urticaria, and signs and symptoms of 

asthma or allergic rhinitis; however, the physical is frequently 

not helpful in these patients.14,15

As the history may not always be reliable and the physical 

may be unrevealing, there are several objective methods that 

may assist in making a diagnosis of an IgE-mediated food 

allergy. Skin prick testing to commercially prepared food 

extracts is a useful screening method for suspected food 

sensitivity. This form of testing is immediate, reliable, least 

costly, and best-studied. Testing is done with the suspected 

commercially prepared food extracts in addition to negative 

(diluent) and positive (histamine) controls.16 Allergens 

eliciting a wheal response at least 3 mm greater than the 

negative control are considered positive. This would indicate 

a possible allergy to that suspected food, but the response does 

not necessarily prove that the food is causal as the positive 

predictive value (PPV) is less than 50%.4 A negative skin 

prick test (SPT) to a food allergen essentially confirms the 

absence of IgE-mediated allergic reactivity with a negative 

predictive value greater than 95%.17 With these positive and 

negative predictive values it is important to use the clinical 

history to maximize utility of this testing.4 The SPT wheal 

size may be useful in infants younger than 2 years of age, 

especially for cow’s milk, egg, and peanut. Sporik et al found 

that all patients with an SPT wheal size of at least 7 mm for 

egg and 8 mm for peanut and milk would fail their OFCs.18 

Commercially prepared extracts are frequently not useful 

for diagnosing food allergies involving fruits and vegetables 

because of the lability of the allergen, so most allergists will 

use the fresh food and apply the SPTs in a similar manner.4

In vitro assays to identify food-specific IgE antibodies are 

also useful modalities in the diagnosis of food allergy. Ini-

tially, radioallergosorbent tests were used, but more recently 

a quantitative measurement of food-specific IgE antibodies 

(eg, CAP System FEIA; Pharmacia-Upjohn Diagnostics, 

Bridgewater, NJ) has been utilized and studies have found 

these serologic tests to be more predictive of symptomatic 

IgE-mediated food allergy.17 Sampson et al demonstrated that 

increasing concentrations of food-specific IgE correlated with 

increasing likelihood of clinical reactions. In retrospective 

and prospective studies, the group was able to establish diag-

nostic values for milk, egg, peanut, and fish indicating that a 

patient would be more than 95% likely to have a reaction.19,20 

With a retrospective chart review of 604 OFCs, Perry et al 

established a cutoff level of 2 kU/L as the food-specific IgE 

level for a 50% pass rate for milk, egg, and peanut.21 Unfor-

tunately, undetectable serum food-specific IgE levels may 

be associated with clinical reactions as well, so even with 

negative skin prick testing and undetectable food-specific 

IgE to a food, an OFC may still be required.4,22

The double-blind, placebo-controlled food challenge 

(DBPCFC) is considered the gold standard for the diagnosis 

of food allergies. The OFC can be open, single-blinded, or 

double-blinded. All OFCs involve a gradual feeding of the 

suspected allergen under medical supervision over a certain 
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length of time. Once objective signs or persistent subjective 

complaints are noted (referred to as a failed or positive OFC), 

the feeding is stopped and treated appropriately. Because 

there is a risk for anaphylaxis, it is important that the OFC 

be done with properly trained professionals and with suitable 

medications and equipment to treat severe reactions. Open or 

single-blind OFCs are frequently used to screen for reactions, 

but the DBPCFC is the preferred method for diagnosis as 

bias on the part of the subject and observer are removed.23 

The OFC is time-consuming and has the potential to induce 

a severe reaction, so if a patient has a history consistent with 

a food allergy and the SPT and/or serum food-specific IgE 

is also consistent, the OFC can be deferred.

The impact of food allergy  
on asthma
As noted previously, the prevalence of food allergy has been 

increasing as has the prevalence of other atopic conditions, 

such as asthma. Approximately 38.4 million Americans 

have been diagnosed with asthma by a health care profes-

sional during their lifetime and an estimated 300 million 

people worldwide suffer from asthma, with 250,000 annual 

deaths.24,25 The prevalence of asthma increased 75% from 

1980–1994 and asthma rates in children under the age of 

5 years increased more than 160% from 1980–1994.26 It is 

currently estimated that by 2025, the number of people with 

asthma will grow by 100 million.25

Food allergy and asthma frequently co-exist, but it is 

difficult to ascertain the true prevalence. Children with food 

allergy are more than two to four times as likely to have 

other atopic conditions such as asthma, eczema, or respira-

tory allergy compared to children without food allergies. In 

2007, 29% of children with food allergy also had asthma 

and approximately 8% of children with asthma had food 

allergy based on a study in 1980 by Oehling et al.3,27 From 

the National Cooperative Inner City Asthma Study (NCI-

CAS), 454 random serum samples from children ages four to 

nine years were evaluated for specific IgE to egg, milk, soy, 

peanut, wheat, and fish. Four percent demonstrated specific 

IgE levels . 95% PPV for clinical reactivity to at least one 

food while 45% of patients had evidence of sensitization. 

Unfortunately, because this study used anonymous serum 

samples, it is unclear if these patients actually had a diagnosis 

of or symptoms related to food allergy.28

Studies have suggested that eczema and food allergen 

sensitization is a risk factor for the development of asthma 

and the relationship of these atopic conditions is frequently 

referred to as the “atopic march.”29 Priftis et al evaluated 69 

children over the age of 7 years who, during their first three 

years of life, had been diagnosed in their clinic with egg 

and/or fish allergy. Over 40% of patients reported current 

asthma symptoms based on the questionnaire used by the 

International Study of Asthma and Allergies in  Children. 

All patients had normal pulmonary function testing, but 

there was a significantly increased frequency of positive 

responses on methacholine challenge when compared 

to aeroallergen-sensitized children without a history of 

food allergy.30 The Isle of Wight study was a larger study 

involving a prospective whole-population birth cohort 

study. They found egg allergy in infancy correlated with 

development of respiratory allergic symptoms and aeroal-

lergen sensitization by the age of 4 years. At 4 years of 

age, respiratory allergic disorders were noted to be more 

common among the egg-allergic children than eczema 

or food allergy. In contrast, allergy to cow’s milk did not 

significantly increase the incidence of asthma. The PPV of 

egg allergy for asthma was 40%.31 A study by Schroeder et al 

of 271 children 6 years and older and 296 children younger 

than 6 years found similar results. A diagnosis of current 

asthma was based on parental report of physician diagnosis 

and reported asthma symptoms in the previous year. 

Symptomatic food allergy was significantly associated with 

asthma in the older children with an odds ratio (OR) of 4.9 

(95% confidence interval [CI]: 2.5–9.5) and OR of 5.3 in 

younger children (95% CI: 1.7–16.2). Additionally, the odds 

of having asthma increased with increasing number of food 

allergies. The time from age of onset of food allergy and 

age of asthma onset was also evaluated. In the older age 

group, the median age of the onset of asthma was 5 years. 

In the younger children, the median age of asthma onset 

was 2.3 years.32 The German Infant Nutritional Intervention 

(GINI) study was a multicenter, double-blind, randomized 

intervention study that enrolled 2,252 infants with a single 

(one parent and/or sibling) or biparental history of atopy to 

examine the preventive effect of different hydrolyzed infant 

formulas on the development of atopic diseases. As part of 

the study almost 1,300 children were evaluated at 12 months 

of age and underwent prick skin testing to food allergens 

and aeroallergens and were then followed until 6 years of 

age. They administered questionnaires to the families at 

1, 2, 3, 4, and 6 years of age to determine if the child had 

developed asthma. They found that early food sensitization 

significantly increased the relative risk of developing asthma 

by six years of age (OR 3.93, 95% CI: 1.95–7.91), but that 

early aeroallergen sensitization had an even greater risk 

(OR 4.36, 95% CI: 1.38–13.78).33
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Asthma may actually be a risk factor for fatal or near-

fatal anaphylaxis to foods. In a survey of six fatal and 

seven near-fatal anaphylactic reactions to food in children 

and adolescents over a 14 month period, all patients had 

asthma and in all but one, the asthma was considered well-

controlled with medications. However, two of the patients 

with fatal reactions had been taking oral corticosteroids 

within one month of the reaction. Additionally, two patients 

with fatal reactions and one with a near-fatal reaction had 

serious wheezing in the two weeks prior to the reactions. 

All of the patients developed respiratory symptoms dur-

ing their reactions.34 After this study, a reporting registry, 

through the American Academy of Allergy, Asthma, and 

Immunology with the assistance of the Food Allergy and 

Anaphylaxis Network, was established. Bock et al analyzed 

32 fatal cases of food-induced anaphylactic reactions 

reported to the registry from 1994–1999, and another 31 

fatalities reported from 2001–2006. The ages ranged from 

2 to 50 years and 56% of the patients were male. Reactions 

to peanut and tree nuts accounted for most of the deaths. Of 

the 45 patients for whom data on asthma were known, 44 

had active asthma.35,36 In a study to determine risk factors 

for the administration of repeated doses of epinephrine in 

food-induced anaphylaxis, Jarvinen et al administered a 

questionnaire to parents or caregivers of food-allergic chil-

dren. They found that subjects treated with multiple doses 

of epinephrine more often reported asthma at the time of 

survey completion.37

Food allergy may be a risk factor for asthma morbidity 

and mortality in childhood as well. In NCICAS, children 

with asthma who were sensitized to at least one food had 

a higher rate of hospitalization and required more steroid 

medications.28 Simpson et al performed a retrospective 

chart review on 201 patients, aged 3 months to 14 years, 

with a diagnosis of asthma and divided the group into those 

with a history of food allergy and those without. Milk and 

peanut allergy were significantly associated with increased 

number of hospitalizations due to asthma. Milk allergy was 

also associated with requiring more courses of systemic 

steroids. Having more than one food allergy was associated 

with more asthma hospitalizations and oral steroid courses. 

Egg or fish allergy were not associated with increased 

asthma morbidity.38 Roberts et al recruited children aged 

1 to 16 years ventilated in the Pediatric Intensive Care Unit 

(PICU) for an acute asthma exacerbation. Controls were 

selected from all patients seen in the Emergency Department 

with an asthma exacerbation and were matched to the cases 

by gender, ethnicity, and age. All subjects were questioned 

about food allergies and underwent either skin prick testing 

or specific IgE serologic testing for environmental and food 

allergens. Food allergy was found to be an independent risk 

factor for life-threatening asthma with an adjusted OR of 

5.89 (95% CI: 1.06–32.61).39 A retrospective chart review 

of asthmatic children at the Cleveland Clinic admitted to the 

PICU or nursing floor with an exacerbation and asthmatic 

children seen in an ambulatory clinic was conducted. The 

group reviewed demographic and clinical data and found 

that of the 288 medical records reviewed, 13% (38/288) of 

the records contained documentation of at least one food 

allergy. Children admitted to the PICU were 3.3 times more 

likely to have at least one food allergy than those admitted 

to the regular nursing floor and 7.4 times more likely than 

the children seen in the clinic.40

Although cough and wheeze are recognized pulmonary 

manifestations of food-induced IgE-mediated reactions, they 

are usually accompanied by other symptoms and it is rare 

to see these as the only manifestations when the inciting 

food in ingested. Bock et al performed 1,014 DBPCFCs 

on 480 children aged 3 months to 19 years. There were 

245 challenges that resulted in symptoms. Cutaneous and 

gastrointestinal symptoms accounted for the majority of 

reactions. Of the 245 positive food challenges, wheezing 

was the sole manifestation in only four children (1.6%). 

Wheezing, with either cutaneous or gastrointestinal manifes-

tations, occurred in 36 (7.5%) of the 480 children.41

Studies have demonstrated that lower respiratory 

symptoms may be seen in food-induced allergic reactions 

in asthma patients, but asthma is rarely an isolated mani-

festation of food allergy. Onorato et al studied 300 asthma 

patients aged seven months to 80 years in a respiratory 

clinic. Twenty-five (12%) of these patients were suspected 

of having food-induced asthma, but only six had wheezing 

on a DBPCFC and interestingly all six were children. Hence, 

although adults may have reported asthma related symptoms 

during ingestion of certain foods, it was less likely to see 

those symptoms with food challenges.42 Novembre et al 

evaluated 140 asthmatic children aged two to nine years 

and using DBPCFCs were able to demonstrate respiratory 

symptoms in only 13 of 140 (9.2%) children. Only eight 

(5.7%) had immediate- or delayed-onset asthmatic reactions; 

but of these eight, asthma was the sole symptom in only one 

patient.43 James et al performed DBPCFCs on 320 patients 

with atopic dermatitis to characterize respiratory symptoms 

seen in positive DBPCFCs. Fifty-five percent of patients had 

co-morbid asthma. Thirty-four (17%) of the 205 children 

who failed the challenge developed objective wheezing, and 
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all but three of these had a previous history of asthma. The 

most common foods inducing these reactions were egg and 

milk. A subset of 88 patients also underwent spirometry prior 

to, during and after the challenges. Of the 88 who performed 

spirometry, 13 (15%) experienced lower airway symptoms, 

but only six demonstrated a greater than 20% decrease from 

baseline forced expiratory volume in one second (FEV
1
). 

Although respiratory symptoms were frequently noted in 

this group, it was rare to observe significant bronchopulmo-

nary obstruction. Also, all six patients demonstrated other 

signs and symptoms of food allergy including cutaneous 

and/or gastrointestinal signs and symptoms.44 The same 

group measured airway hyperresponsiveness with metha-

choline challenges prior to the start of the DBPCFC and 

four hours after completion of the challenge. Thirty-eight 

DBPCFCs were performed on 26 asthmatic patients with 

food allergy. This study demonstrated that food-induced 

allergic reactions during DBPCFCs could increase airway 

reactivity in a subset of asthmatic patients without inciting 

an asthma exacerbation. There were 22 positive food chal-

lenges resulting in symptoms, of which 12 challenges in 12 

subjects resulted in chest symptoms including cough, chest 

tightness, and/or wheeze. There was a decrease in the FEV
1
 

by 15% or more in only one of these patients, but another 

was unable to perform spirometry due to the severity of 

the reaction. A significant increase in airway hyperrespon-

siveness (defined as a decrease in the FEV
1
 by 20%) was 

observed after seven challenges. A significant increase in 

airway hyperresponsiveness was also seen in one patient 

with a positive DBPCFC without chest symptoms and in 

one patient who had a  negative DBPCFC.45

Spirometry has also been monitored in adults undergo-

ing food challenges to cow’s milk. Twenty subjects aged 

18 to 65 years with asthma were recruited. Ten subjects 

believed that their asthma worsened after milk ingestion 

while the other 10 did not. None of the patients had positive 

skin prick testing with cow’s milk extract, but underwent a 

double-blind, placebo-controlled trial. Both FEV
1
 and peak 

expiratory flow (PEF) were measured prior to, during, and 

after the challenge. Although nine subjects had at least a 15% 

decrease in their FEV
1
 or PEF during the active or placebo 

challenges, there was no statistically significant difference 

in group means in the FEV
1
 and PEF between the active or 

placebo challenges.46

Although ingestion of food allergens is rarely asso-

ciated with respiratory symptoms, inhalation of food 

allergens can induce respiratory symptoms. Occupational 

asthma refers to those workers who are sensitized and 

then develop symptoms related to workplace exposures. 

Approximately 9%–15% of adult asthma can be attributed 

to workplace exposures, but more recent data indicate 

that 25% or more of new-onset asthma may be related to 

occupational  asthma.47 The most common form is baker’s 

asthma with an incidence of between 1–10 cases in 1,000 

bakery workers. Any worker in the bakery can develop 

this disease and the main inciting agents are cereal flours 

(wheat, rye, barley) and enzymes.48 A longitudinal study 

of 287 apprentice bakers from three country districts of 

Poland found that the incidence of work-related chest 

symptoms (dyspnea, wheezing, and cough) was 4.2% in 

the first year and 8.6% in the second year of exposure. 

They also found that  sensitization to occupational allergens 

frequently preceded the asthma symptoms.49

In children and adults, nonoccupational exposures to 

airborne food particles can also elicit respiratory reactions, 

usually during cooking or manipulation of the food, 

especially seafood.50 Allergic reactions associated with 

airborne fish particles have been reported in patients with 

fish allergy. In one study, of the 197 children fish-allergic 

patients evaluated, 21 reported symptoms after exposure to 

fish odors or fumes. With inhalation, nine patients reported 

only respiratory symptoms (mainly wheezing), nine reported 

only cutaneous symptoms and three reported both. Twenty 

patients were exposed to the fumes from the boiling or frying 

of the fish.51 There is frequently concern for allergic reactions 

to food, especially peanuts, on commercial airlines since 

peanut can be detected in their ventilation filtering systems.52 

Sicherer et al interviewed patients in the National Registry 

of Peanut and Tree Nut Allergy who reported symptoms of 

peanut allergy while on an airplane. Of the 35 subjects, 14 

reported symptoms by inhalation.53

Effect of diet on asthma 
development and severity
The increasing prevalence of asthma and other atopic con-

ditions have placed a high burden on health care resources. 

In 2004, asthma accounted for approximately 1.8 million 

Emergency Department visits, 14.7 million physician office 

visits, and almost 500,000 hospitalizations. It also accounts 

for over 10 million missed work days for adults annually.54 

The annual economic cost of asthma is $20.7 billion. Direct 

costs make up $15.6 billion of that total, and indirect costs 

such as lost productivity add another $5.1 billion.24 With this 

increasing health care burden, there has been more interest 

in primary and/or secondary prevention of allergic disease 

such as asthma.
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Maternal diet and asthma  
development in children
Although atopic diseases have a clear genetic basis, 

environmental factors, including maternal and infant nutri-

tion, may also have an influence on their development. The 

fetus is capable of mounting an immune response to food 

allergens so some physicians have attempted to decrease the 

risk of developing food allergy and other atopic conditions by 

restricting the diet of pregnant mothers.55 A 2009 Cochrane 

review evaluated whether maternal dietary allergen avoidance 

during pregnancy or lactation would prevent development of 

atopic conditions in the child. They included all randomized 

or quasi-randomized comparisons of maternal dietary antigen 

avoidance prescribed to pregnant or lactating women. They 

actually found that restricted diet during pregnancy was 

associated with a slightly but statistically significantly lower 

mean gestational weight gain, a non-significantly higher risk 

of preterm birth, and a non-significant reduction in mean birth 

weight and found no protective effect on atopic diseases.56 In 

a study by Willers et al, there were no consistent associations 

between the maternal intake of milk, egg, or fish in the last 

month of pregnancy and development of asthma by 8 years 

of age; however, daily nut consumption during pregnancy was 

significantly associated with childhood wheeze, wheeze with-

out respiratory infection, steroid use, and doctor-diagnosed 

asthma.57 In 2008, the American Academy of Pediatrics (AAP) 

suggested that there was not enough evidence to recommend 

maternal dietary restrictions during pregnancy and lactation 

to modify the development of atopic conditions.58

Vitamin D deficiency has received a significant amount 

of attention recently and has been recognized in many 

countries, even those with significant sun exposure. Pregnant 

women and lactating mothers are at significant risk given the 

requirements for vitamin D by the fetus and neonate.59 Some 

investigations have focused on maternal vitamin D intake and 

the risk for the development of asthma and allergies. Camargo 

et al evaluated 1,194 mother-child pairs as part of Project 

Viva, a prospective pre-birth cohort study in Massachusetts. 

The researchers assessed maternal intake of vitamin D during 

pregnancy by using a validated food-frequency questionnaire. 

The primary outcome was recurrent wheeze assessed at the 

child’s 1-year visit and annually thereafter until 3 years of age. 

By 3 years of age, 186 children (16%) had recurrent wheeze. 

A higher maternal intake of vitamin D during pregnancy was 

associated with a lower risk of recurrent wheeze.60 In contrast 

to this study, Wjst et al hypothesized that the recommendation 

of additional vitamin D intake actually paralleled the rising 

prevalence of allergic disorders.61 Gale et al concurred with 

that hypothesis. Their study involved 466 pregnant women 

whose children were evaluated at birth, nine months and 

at nine years. They were able to obtain serum samples to 

measure the mother’s 25-hydroxy vitamin D concentrations 

in late pregnancy. Exposure to high maternal concentrations 

of vitamin D (.75 nmol/L) was associated with an increased 

risk of reported asthma at nine years compared with children 

whose maternal concentrations were less than 30 nmol/L 

(OR 5.40, 95% CI: 1.09–26.65). Unfortunately, by 9 years 

of age, the group had a large loss to follow-up with only 178 

children.62 Elucidating the role of maternal vitamin D intake 

in the development of asthma will require further studies.

Breastfeeding and asthma development
The protective effects of breastfeeding on development 

of atopic conditions have consistently been promoted by 

pediatricians and allergists. In 2000, the AAP recommended 

mothers of high risk infants (those with a family history of 

atopy in both parents or one parent and a sibling) to eliminate 

peanuts and tree nuts and to consider eliminating eggs, cow’s 

milk, and fish from their diets while nursing.63 However, 

studies related to this topic provide conflicting data as well. 

Results from a prospective, population-based cohort study 

investigated whether prolonged breast-feeding was associated 

with a reduced risk of asthma during the first four years of 

life. Asthma was defined as having at least four episodes 

of wheezing during the previous 12 months or at least one 

episode of wheezing while the child was receiving inhaled 

steroids. At the age of 4 years, children who had been exclu-

sively breastfed for four months or more exhibited a reduced 

risk of asthma compared with children breastfed for less than 

four months. The beneficial effects of breastfeeding were 

more pronounced in children who did not have a parent with 

atopic disease than in those with an atopic parent.64 Gdalevich 

et al conducted a meta-analysis of 12 prospective studies that 

evaluated the association between exclusive breast-feeding 

during the first three months after birth and the development 

of asthma between 2 and 5 years of age. They found an overall 

protective effect of exclusive breastfeeding for 3 months with 

an OR of 0.70 (95% CI: 0.60–0.81) on the development of 

asthma in childhood. In this study, the effect seemed to be 

more pronounced in families with an atopic history.65

Matheson et al actually assessed the relationship between 

breastfeeding and atopic disorders in a population-based cohort 

(The Tasmanian Asthma Study) that they followed into middle 

age. Asthma presence or absence was based on answers to 

a questionnaire which was completed by a parent when the 

subject was 7 and 13 years of age, and then completed by the 
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subject at 34 and 44 years of age. Interestingly, in subjects 

who had a mother with an atopic disease, breastfeeding was 

protective against asthma at seven years (OR 0.75, 95% 

CI: 0.58–0.97), but this trend actually reversed at age 14 years 

at which time breastfeeding became a risk factor for asthma 

(OR 1.46, 95% CI: 1.02–2.07). This persisted at 32 and  

44 years of age. No association between breastfeeding and the 

development of asthma was noted in subjects whose mothers 

did not have atopy.66 In New Zealand, a longitudinal study of 

a population-based birth cohort also found breastfeeding for 

four or more weeks significantly increased the risk of asthma in 

mid to later childhood. The cohort consisted of 1,037 children 

from the general population of whom 504 were breast-fed for 

four weeks or longer. The children were evaluated every two to 

five years from 9 to 26 years of age with respiratory question-

naires, spirometry, methacholine challenges, and skin prick 

testing to allergens. More children who were breastfed were 

diagnosed with asthma, had current asthma, and had current 

wheeze at each assessment between 9 and 26 years of age. 

Also, children who were breastfed were more likely to have 

current asthma with airway hyperresponsiveness (defined as a 

fall of FEV
1
 by 20% or more after inhalation of methacholine 

in a concentration of 8 g/L or less).67 More recently, Elliott 

et al used data from the Avon Longitudinal Study of Parents 

and Children which was a large prospective birth cohort in 

the United Kingdom (UK). They found that breastfeeding was 

protective for wheeze in the first three years of life, but that 

did not extend for wheeze or bronchial hyperresponsiveness 

at ages 7 and 8 years.68 Based on these and other studies, there 

may be evidence that exclusive breastfeeding for at least three 

months of life is protective against early wheezing, but the data 

is not convincing for preventing asthma beyond six years of 

life and in fact, may increase the risk.58

Hydrolyzed formulas  
and asthma development
The use of partially or extensively hydrolyzed formulas in 

infants for the prevention of atopic diseases has also been 

investigated. Oldaeus et al compared the incidence and sever-

ity of atopic disease and allergic sensitization during the first 

18 months of life in infants at risk who were fed an extensively 

hydrolyzed cow’s milk formula, a partially hydrolyzed formula, 

or a regular cow’s milk formula from the start of weaning until 

nine months of age. All infants had a family history of atopy. 

The cumulative incidence of  wheezing episodes in the first 18 

months of life was significantly higher in the group fed regular 

cow’s milk than in the group fed the extensively hydrolyzed 

formula. Unfortunately, the study did not follow these infants 

for an extended period to evaluate whether this apparent pro-

tective effect of hydrolyzed formulas persisted.69 In the GINI 

study, infants who received formula were randomized into 

partially hydrolyzed whey-based (pHF-W) formula, an exten-

sively hydrolyzed whey-based (eHF-W) formula, an extensively 

hydrolyzed casein-based (eHF-C) formula or a conventional 

cow’s milk (CM) formula. These formulas were used as the 

sole milk substitute to breast milk in case of insufficient breast-

feeding in high risk infants during the first four months of life. 

Parents were asked to complete questionnaires at the ages of 1, 

2, 3, 4, and 6 years. At 3 years of age, the group evaluated 133 

of the children who were exclusively fed one of the formulas. 

Although the pHF-W and eHF-C formulas were protective for 

the development of eczema, the same was not noted for the 

development of asthma. Asthma was diagnosed when parents 

reported three or more episodes of wheezing or nighttime cough 

without infection, or regular use of asthma medications. Four 

of 42 (10%) in the CM formula group developed asthma while 

seven of 31 (23%) in the pHF-W formula group and nine of 31 

(29%) in the eHF-W formula groups developed asthma. Only 

two of 29 (7%) in the eHF-C formula group developed asthma. 

The same trend was seen in those infants who were breastfed 

and supplemented with a study formula.70 Similarly, at 6 years 

of age, there was no preventive effect of any of the formulas on 

the cumulative incidence of asthma.71 More studies are needed 

to determine if any of the hydrolyzed formulas have an effect 

on the incidence of asthma in later life. No studies have inves-

tigated the use of amino-acid based formulas on the prevention 

of atopic diseases.58

Solid food introduction  
and asthma development
A few studies have examined the effect or the timing of 

introduction of complementary foods on the development of 

atopic conditions. The AAP has suggested that solid foods be 

delayed until four to six months of age.58 Some studies have 

questioned some of these recommendations. In 1983, Fergus-

son et al tried to establish the relationship of a milk diet and 

solid feeding practices during the first four months of life to 

rates of early childhood asthma. There was no evidence to 

suggest an association between early solid food introduc-

tion and childhood asthma. Of the 802 children who had 

been introduced to solid food during the first four months of 

life, 58 (7.2%) developed asthma compared with 19 of 308 

(6.2%) children who had not been given solid food.72 In the 

UK, guidelines recommended exclusive breast feeding for the 

first four to six months with introduction of solids thereafter, 

egg, milk, and fish being added to the diet last. With a large 
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prospective birth cohort, the researchers sought to determine 

if this delayed introduction of foods had any effect on transient 

wheezing or preschool wheezing by 5.5 years of age. Over 600 

children were recruited as infants and followed. Questionnaires 

on wheezing were administered to mothers yearly. Preschool 

wheezing was defined as wheezing in year five and additionally 

in one of the preceding years or wheezing in each of the years 

one to four. Transient wheezing was defined as wheezing in 

any of the first two years, but not in year four or five. Within 

the first year of life, rice, fruit, vegetables, and cereal were 

given earlier than meat, fish, and milk. Egg was fed later with 

a median of eight months. Almost 19% of the study group 

developed preschool wheezing, while 30% developed transient 

wheezing indicating that delayed introduction of foods was not 

protective of wheezing. When comparing children who delayed 

introduction of solids (.three months), milk (.six months), 

egg (.eight months), and/or fish (.six months) to children 

who did not delay these food introductions, there was no 

significant difference in the development of transient wheezing 

or preschool wheezing.73 The same group found similar results 

in the Influences of Lifestyle-Related Factors on the Immune 

System and the Development of Allergies in Childhood study 

which was a population-based, prospective birth cohort study 

involving over 2,000 infants from Germany followed up to 

six years of age. They found that the prevalence of doctor-

diagnosed asthma did not differ between children who were 

introduced to solids within the first 4 months of life, between 

months 4 and 6, and after 6 months.74

The AAP also recommended that infants considered at 

high risk of developing atopic diseases should avoid egg until 

two years of age and avoid peanuts tree nuts and fish until three 

years of age.59 A prospective, randomized, controlled trial of 

food avoidance in infancy studied whether delaying the intro-

duction of these foods would reduce the risk of atopic disease 

development. All children entered into the study had at least 

one parent with documented atopy. Asthma was defined as 

physician-documented lower respiratory disorder with revers-

ible bronchospasm, occurring at least twice and unassociated 

with other possible conditions. The prophylactic-treated group 

consisted of infants whose mothers avoided cow’s milk, egg, 

and peanut in the last trimester of pregnancy and lactation 

and who, themselves, avoided cow’s milk until 1 year of age, 

egg until 2 years of age, and peanut and fish until three years 

of age. These 59 infants were compared to a control group 

of 106 infants and both groups were followed until 7 years 

of age. Although the prophylactic treated group had less food 

allergy at 1 year of age, the cumulative and period prevalence 

of asthma, allergic rhinitis, and atopic dermatitis were similar 

in both groups at seven years of age.75 Currently, the AAP 

continues to suggest delaying solid food introduction until 

four to six months of age, but the group believes that there is 

no convincing evidence to delaying introduction beyond six 

months, including highly allergenic foods such as egg, fish, 

or peanut containing products.58

Management of food allergy
The most important part of the management of food allergy is 

complete avoidance of the implicated food(s). Currently, this 

is the only proven form of prophylactic management. Unfortu-

nately, this can be very difficult if the patient is very sensitive 

to a food allergen, the food is ubiquitous, and/or the food is a 

hidden ingredient. It is essential to educate patients and their 

families in closely analyzing food labels to determine if the 

inciting food allergens are present.15 In 2006, the Food Allergen 

Labeling and Consumer Protection Act went into effect in the 

United States and required food manufacturing companies to 

use simple English terms when describing certain regulated 

food allergens (ie, milk, egg, wheat, soy, peanut, tree nuts, fish, 

and shellfish).4 Families should also be counseled on the risk of 

cross-contamination at home, other individual’s homes, schools, 

and restaurants. This is also an issue in the food-manufacturing 

industry because of shared processing equipment. Patients and 

families should be encouraged to carry medical identification 

jewelry and be taught the signs, symptoms, and management of 

anaphylaxis including the use of a self-injectable epinephrine 

device and the activation of emergency services. Prophylactic 

medications such as antihistamines, oral cromolyn, or oral 

corticosteroids have not been shown to be effective in prevent-

ing severe, life-threatening reactions and may actually mask a 

less severe reaction.15 Families should also be advised to take 

advantage of resources which provide extensive educational 

materials, such as The Food Allergy and Anaphylaxis Network 

(Fairfax, VA; http://foodallergy.org).76 As most food allergies 

are outgrown, it is essential that after the diagnosis the patient 

be followed closely by the allergist to determine if and when the 

food(s) may be reintroduced into his or her diet. Frequently, the 

best way to determine if the food can be reintroduced is with an 

OFC. Depending on the underlying disease and food allergen, 

intervals for repeat OFCs can be determined. Prior to the OFC, 

ancillary tests may be performed including repeat prick skin 

testing and serum food-specific IgEs to establish whether the 

patient can safely undergo the procedure.15

Food allergic children with co-morbid asthma should be 

maintained on preventive asthma medications and followed 

closely to maintain well-controlled asthma, particularly in 

the event of an accidental ingestion and reaction.
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Conclusion
Food allergy and asthma frequently co-exist. Since asthma 

may predispose a patient to suffer a life-threatening reaction to 

a food, aggressive asthma management is essential. Although 

food allergy is rarely the etiology of asthma, it is important to 

monitor food allergic patients because they have a higher risk 

of developing asthma later in life and these patients may have 

more severe asthma. Although the ingestion of food allergens 

rarely leads to only respiratory reactions, cough and wheeze 

can be seen with food allergen inhalation. More research is 

needed to determine if certain modifications to the maternal 

and infant diet may modify atopic outcomes, including food 

allergy and asthma. It is essential to educate patients and their 

families on the management of food allergy and to review 

their risk of developing co-morbid asthma.
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