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Food Allergy Is Associated With Potentially Fatal Childhood Asthma

NicoLA M. VOGEL, M.D.,""* HARY T. KaTZ, M.D.,2 Rocio LOPEZ, M.S.,! AND DAVID M. LANG, M.D.!

'The Cleveland Clinic Foundation, Cleveland, Ohio
2Nemours Children’s Clinic, Jacksonville, Florida, U.S.A.

Background. Risk factors for potentially fatal childhood asthma are incompletely understood. Objective. To determine whether self-reported food
allergy is significantly associated with potentially fatal childhood asthma. Study design. Medical records from 72 patients admitted to a pediatric
intensive care unit (PICU) for asthmatic exacerbation were reviewed and compared in a case-control design with 2 randomly selected groups of 108
patients admitted to a regular nursing floor for asthma and 108 ambulatory patients with asthma. Factors evaluated included self-reported food allergy,
gender, age, poverty area residence, race/ethnicity, inhaled steroid exposure, tobacco exposure, length of hospital stay, psychologic comorbidity, and
season of admission. Results. At least one food allergy was documented for 13% (38/288) of the patients. Egg, peanut, fish/shellfish, milk, and tree
nut accounted for 78.6% of all food allergies. Children admitted to the PICU were significantly more likely to report food allergy (p = 0.004) and
3.3 times more likely to report at least one food allergy compared with children admitted to a regular nursing floor, and significantly more likely to
report food allergy (p < 0.001) and 7.4 times more likely to report at least one food allergy compared with children seen in the ambulatory setting.
Children admitted to either the PICU or the regular nursing floor were significantly more likely be African-American (p < 0.001) and to be younger
(p <0.01) compared with children seen in the ambulatory setting. Conclusions. Self-reported food allergy is an independent risk factor for potentially
fatal childhood asthma. Asthmatic children or adolescents with food allergy are a target population for more aggressive asthma management.

Keywords asthma, asthma severity, childhood asthma, food allergy

INTRODUCTION

In the United States, asthma is the most common chronic
disease in childhood and is one of the most frequent admit-
ting diagnoses in children’s hospitals. In 2002, 12% of chil-
dren under the age of 18 years had a diagnosis of asthma
(1). Although annual rates of asthma mortality have declined
since 1999 in the United States, asthma deaths continue to
occur at unacceptably high rates, particularly among African-
Americans residing in urban areas (2, 3). Hospitalization rates
have increased among young children O to 4 years of age (4).
Risk factors for asthma fatality in adults include over-reliance
on inhaled short-acting bronchodilators, low socioeconomic
status, poor adherence to recommended treatment plans, pre-
vious life-threatening exacerbations, and psychologic comor-
bidity (5, 6).

Risk factors for potentially fatal childhood asthma (PFCA)
are less well established. Poverty, race/ethnicity, urban area
of residence, duration of asthma, male gender, and history
of multiple emergency department visits within 12 months
before pediatric intensive care unit (PICU) admission have
been linked with an increased risk of fatal asthma in children
(7-9).

The prevalence of immunoglobulin E (IgE) mediated food
allergy is estimated to be approximately 3% to 4% of the
US population, and asthma affects approximately 6 million
children (4, 10). The coexistence of both asthma and food al-
lergy in children is common with approximately 8% of asth-
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matic children also having a food allergy (11-13). Despite the
prevalence of both food allergy and asthma in children, few
studies have evaluated whether food allergy is a risk factor
for PFCA. In England, Roberts et al. demonstrated an associ-
ation between food allergy and life-threatening asthma (14).
Elevated food-specific IgE levels and allergies to peanut and
milk have been associated with increased rates of hospital-
ization for asthma in US children (15, 16).

With the surge in the prevalence of asthma in US chil-
dren in recent years, identifying independent risk factors for
asthma morbidity is important for targeting asthmatics who
are candidates for more aggressive management. Although an
association between food allergy and asthma has been noted
in several studies, no previous study has assessd whether food
allergy may be independent risk factor for PFCA in an urban
North American population.

METHODS
Study Design and Setting

We performed aretrospective chart review of children at the
Children’s Hospital, Cleveland Clinic, admitted for asthma
either to the PICU or the regular nursing floor, and children
with asthma seen in an ambulatory clinic. The study was
approved by the Cleveland Clinic Foundation Institutional
Review Board.

Study Population

Medical records from 72 patients admitted to the PICU
for asthmatic exacerbation over a 10-year period from 1992—
2002 were reviewed. These patients were identified as having
PFCA based on admission to the PICU. Criteria for admis-
sion to the PICU included severe respiratory distress and
need for administration of continuous inhaled beta-agonist.
The patients were compared in a case-control design with
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2 randomly selected groups of 108 patients (1.5x): patients
admitted to a regular nursing floor for asthma at the Chil-
dren’s Hospital, Cleveland Clinic during a 2 year period from
1996-1997 and never requiring PICU admission, and ambu-
latory patients with asthma seen during a 2-year period from
2000-2002 without prior hospitalization or emergency de-
partment care for asthma. Patients with asthma were identi-
fied by primary diagnosis codes (International Classification
of Diseases, Ninth Revision or ICD-9) 493.X for asthma or
by secondary diagnosis code of asthma with a primary code
for a well-child examination (V20.20).

Data Collection

The demographic and clinical factors evaluated included
self-reported food allergy, gender, age, race/ethnicity, poverty
area residence, inhaled corticosteroid (ICS) exposure, to-
bacco exposure, length of hospital stay, psychologic comor-
bidity, and season of admission.

Self-reported food allergy included any food allergy
recorded in the patient’s history at the time of the patient en-
counter. Age at admission was documented for the patients in
the PICU and regular nursing floor group, and age at the time
of routine physical examination or acute asthma evaluation
(whichever occurred first chronologically) was recorded for
patients in the ambulatory group.

Poverty area residence was determined by zip code of res-
idence (17). A patient was considered to reside in a poverty
area if the percentage of poverty within the patient’s zip code
of residence was 20% or more. This definition of poverty
was established by the Social Security Administration in
1964 as the standard used by federal agencies for statisti-
cal purposes and was subsequently modified in 1969 and
1981 (18). This definition uses total income adjusted to
poverty thresholds, weighted by number and age of household
members.

ICS exposure was defined by previously prescribed inhaled
steroids before hospital admission or ambulatory visit. To-
bacco exposure included either a personal history of tobacco
smoking or passive exposure. Length of hospital stay was
from the day of admission up to and including the day of
discharge. Psychologic comorbidity was noted for any pa-
tient with depression, anxiety, and/or personality disorders,
or those patients taking psychotropic medications. For those
patients admitted to the PICU or regular nursing floor, the sea-
son (spring, summer, fall, or winter) at the time of admission
was recorded.

Two reviewers collected data. One reviewer recorded in-
formation for the PICU and ambulatory group, and a second
reviewer, who was blinded to study aims, recorded informa-
tion for the regular nursing floor and ambulatory groups. The
first reviewer verified data from 20 randomly selected charts
from the ambulatory group, and the second reviewer veri-
fied data from 20 randomly selected charts from the PICU
and regular nursing floor groups. A total of 60 charts were
reviewed for food allergy information. A 100% agreement
in the presence or absence of food allergy was observed be-
tween the two reviewers; 72% agreement would have been
expected by chance alone. This corresponds to a kappa value
of 1.0 (95% confidence interval: 0.59, 1.0), which implies
that there was excellent agreement beyond chance.
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Data Analysis

Descriptive statistics were computed for all variables us-
ing SAS version 9.1 software (SAS Institute, Cary, North
Carolina). A significance level of 0.05 was used for all anal-
yses. Kruskall-Wallis tests and Dunn’s multiple comparison
procedure were used to analyze differences in age between
patients admitted to the PICU and the ambulatory floor and
patients in the ambulatory group. Wilcoxon’s rank sum test
was used to compare length of hospital stay between patients
admitted to the PICU and the ambulatory floor. Pearson’s
chi-square tests were used for categorical factors. A baseline-
category logit model was used to study the multivariable asso-
ciations of demographic and clinical factors with the severity
of asthma as measured by grouping of patients into PICU,
regular nursing floor, or ambulatory groups. The final model
was chosen using a stepwise selection method and included
food allergy, age, race/ethnicity, and tobacco exposure. This
method started with a model containing none of the factors
of interest and assessed adding or deleting factors from the
model until no additional terms could enter the model on the
basis of a p value greater than 0.30 and no factors could be
eliminated from the model on the basis of a p value less than
0.1.

RESULTS

Demographic data for all three groups (PICU, ambulatory,
and regular nursing floor groups) are shown in Table 1. Table 2
shows results of multivariable analysis including food allergy,
age, race/ethnicity, and tobacco exposure are shown.

TABLE 1.—Demographic data.

PICU RNF AMB¢ p value?
Number of patients 72 108 108
Male (%): 39 (542%) 63 (58.3%) 71(65.7%) 0.27

Median age in years 743.2,10.8) 4.2(2,8.9) 9(5,13) <0.0001
(25th, 75th
percentiles)
Poverty(%): 33 (45.8%) 45 (41.7%) 11 (10.2%) <0.0001
Race (%): <0.0001

Caucasian 24 (34.7%) 36 (33%) 86 (80%)
African-American 41 (56.9%) 68 (63%) 18 (17%)
Other 6 (8.5%) 4 (3.7%) 4 (4%)

At least 1 food allergy 20 (27.8%) 12(11.1%) 6 (5.6%) <0.0001
(%):

Inhaled steroid 29 (40.3%) 31 (28.7%) 43 (39.8%) 0.15
exposure

Tobacco exposure 1 (1.4%) 2 (2.8%) 1 (0.9%) 0.56
(%):

Median number of
days in hospital

3.0(2.0,5.0) 2.0(1.0,2.0) NA <0.001

(25th,75th
percentiles)
Psychologic 4 (5.6%) 4 (3.7%) 1 (0.9%) 0.2
comorbidity (%):
Season at admission 0.6
(%):
Winter 19 (26.4%) 30 (27.8%)
Spring 10 (13.9%) 10 (9.3%) NA
Summer 28 (38.9%) 38 (35.2%)
Fall 15 (20.8%) 30 (27.8%)

PICU = pediatric intensive care unit group; RNF = regular nursing floor group; AMB
= ambulatory group, NA = not applicable.

“Information regarding race was not available for 4 patients in the ambulatory group.

b p values correspond to Kruskall-Wallis test for age, Wilcoxon rank sum test for hospital
stay and Pearson’s chi-square for all other factors. p values are overall associations between
the 3 groups and each factor. A significant p value indicates a difference between at least
2 of the 3 groups.
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TABLE 2.—Multivariable analysis: p values and odds ratio (OR) with confidence intervals (CI)

PICU vs. RNF PICU vs. AMB RNF vs. AMB
Variable OR (95%CI) p value OR (95% CI) p value OR (95%CI) p value
Food allergy 3.27 (1.45,7.40) 0.004* 7.36 (2.54,21.39) <0.001* 2.25(0.72, 6.99) 0.16
Age (1 year decrease) 0.79 (0.74, 0.86) 0.004* 1.11 (1.02, 1.19) 0.01* 1.25 (1.16, 1.35) <0.001 *
African American vs Caucasian 0.83 (0.42, 1.65) 0.59 10.09 (4.64, 21.92) <0.001* 12.17 (5.83, 25.41) <0.001*
Other ethnicity vs. Caucasian 2.18 (0.53,9.03) 0.28 6.39 (1.55,26.31) 0.01* 2.93 (0.63, 13.63) 0.17
Tobacco exposure 0.09 (0.007, 1.10) 0.059 4.67 (0.22, 98.35) 0.32 54.18 (4.13,711.13) 0.002*

Results were obtained from a baseline-category logit model.
*indicates significant p value (<0.05).

PICU = pediatric intensive care unit group; RNF = regular nursing floor group; AMB = ambulatory group; NA = not applicable.

Age and Gender

Across the three groups, although males slightly outnum-
bered females with 54.2% in the PICU group, 58.3% in
the regular nursing floor group, and 65.7% in the ambula-
tory group, these differences were not statistically significant
(p = 0.27). After adjusting for food allergy, race/ethnicity,
and tobacco exposure, children admitted to the PICU (p =
0.01) or regular nursing floor (p < 0.01) were significantly
younger compared to children in the ambulatory group. Chil-
dren admitted to the PICU were significantly older (p =
0.004) than those admitted to the regular nursing floor.

Poverty

Compared with children in the ambulatory group, children
admitted to either the PICU or regular nursing floor were
significantly more likely (p <0.001) to reside in a poverty
area (Table 1). This was not shown to be an independent risk
factor.

Race/Ethnicity

Children admitted to the PICU and regular nursing floor
were significantly more likely to be African-American
(p <0.001 for both groups) compared with children in the
ambulatory group. Children admitted to the PICU com-
pared with the regular nursing floor were 10 times more
likely to be African-American than Caucasian (OR [95%
CI]: 10.09[4.64, 21.92]) and 6.4 times more likely to be non-
Caucasian and non-African-American, adjusting for food al-
lergy, age, and tobacco exposure (Table 2). After adjusting
for food allergy, age, and tobacco exposure, children admit-
ted to the regular nursing floor were 12 times more likely to
be African-American than Caucasian (OR [95% CI]: 12.17
[5.83, 25.41]) compared with the ambulatory group.

Self-Reported Food Allergy and Asthma Morbidity

Table 3 summarizes the number and types of food aller-
gies reported. Of the 288 medical records reviewed, 13%
(38/288) of the records contained documentation of at least
1 food allergy. Detailed questions regarding the history of
reactions to foods were not recorded in the chart. Patients
were not assessed for IgE-mediated food allergy by either
immediate skin test or serum specific IgE. Twenty-three chil-
dren (8%) were allergic to 1 food, 12 (4.2%) were allergic to
2 foods, and 3 children (1%) were allergic to 3 foods for a
total of 56 food allergies. The 5 most common food allergies
were fish/shellfish, egg, peanut, milk, and tree nut, which ac-
counted for 79% of cases. None of the patients admitted to the
PICU or regular nursing floor reported a known ingestion of a

potential food allergen before admission. Also, these patients
did not have additional symptoms that may have been related
to ingestion of possible food allergens such as urticaria, an-
gioedema, or anaphylaxis.

When compared to children admitted to the regular nurs-
ing floor, children admitted to the PICU were 3.3 times more
likely to have at least one food allergy (OR [95% CI]: 3.27
[1.45, 7.40]), adjusting for age, race/ethnicity, and tobacco
exposure. Compared with children in the ambulatory group,
children admitted to the PICU were 7.4 times more likely
to have at least one food allergy (OR [95% CI]: 7.36[2.54,
21.39]), adjusting for age, race, and tobacco exposure. Al-
though food allergy was reported more frequently in chil-
dren admitted to the regular nursing floor (11.1%) compared
with the ambulatory group (5.6%), this difference was not
statistically significant (p = 0.16).

Children admitted to the PICU for asthma were more likely
to have a longer number of days in the hospital (p <0.001)
compared with those admitted to the regular nursing floor.

Other Factors: ICS Exposure, Tobacco Exposure,
Psychologic Comorbidity, and Season at Admission

When compared with children in the ambulatory group,
children admitted to the PICU were 4.67 times more likely
to have been exposed to tobacco (OR [95% CI]: 4.67[0.22,
98.35]), and children admitted to the regular nursing floor
were 54.2 times more likely to have been exposed to to-
bacco (OR [95% CIJ: 54.18[4.13, 711.13]) after adjusting
for food allergy, age, and race (Table 2). Tobacco exposure

TABLE 3.—Self-reported food allergy.

AMB RNF PICU

FOOD N % N % N %

At least 1 allergy 6 5.6 12 11.1 20 27.8
Fish / shellfish 0 0.0 2 1.9 10 13.9
Egg 1 0.93 3 2.8 7 9.7
Peanut 2 1.9 3 2.8 6 8.3
Milk 1 0.93 2 1.9 2 2.8
Tree nut 1 0.93 3 2.8 1 1.4
Melon 1 0.93 1 0.93 1 1.4
Strawberry 0 0.0 2 1.9 0 0.0
Soy 0 0.0 0 0.0 1 1.4
Corn 0 0.0 0 0.0 1 1.4
Banana 0 0.0 1 0.93 0 0.0
Beef 0 0.0 1 0.93 0 0.0
Chocolate 0 0.0 1 0.93 0 0.0
Kiwi 1 0.93 0 0.0 0 0.0
Food extract 1 0.93 0 0.0 0 0.0

PICU = pediatric intensive care unit group; RNF = regular nursing floor group;
AMB = ambulatory group.
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was not statistically different between children admitted to
PICU compared with those admitted to the regular nursing
floor (OR [95% CI]: 0.09[0.007, 1.10]). The number of pa-
tients in each group with tobacco exposure was relatively
small (range 1-3).

No other factors were found to be significantly different
between the three groups (p > 0.05) including ICS exposure,
psychological comorbidity, or season at admission (data not
shown).

DiscussIoN

Factors previously associated with an increased risk of
asthma mortality and morbidity in children include poverty,
race/ethnicity, urban residence, duration of asthma, and male
gender (7-9). Our study demonstrates that self-reported food
allergy is an independent risk factor for PFCA. Thirteen per-
cent (38/288) of asthmatic children in our study had docu-
mentation of self-reported food allergy. More significantly,
food allergy was associated with PFCA as defined by admis-
sion to PICU for asthma. Children with asthma admitted to
the PICU were significantly more likely to have self-reported
food allergy compared with children with asthma who were
admitted to a regular nursing floor with no history of PICU ad-
mission and to children with asthma who had never been hos-
pitalized or required emergency department care for asthma.

This is the first report of food allergy as an independent risk
factor for PFCA in a US population. Robert et al. (14) studied
food allergy in a smaller group of asthmatics with PFCA in
England. In this case-controlled study, pediatric patients with
asthma and food allergy were at significantly greater risk for
episodes of life-threatening asthma. Among 19 patients intu-
bated secondary to asthma, 52.6% had sensitization to a food
compared with only 13.2% of control subjects. Sensitization
was identified by a convincing clinical history of reaction
to a food supported by either positive serum-specific IgE or
epicutaneous skin test.

Two other previous studies in the United States linked food
allergy with potentially severe asthma in children. Wang et al.
(16) measured food-specific IgE levels from over 500 ran-
dom serum samples from the National Cooperative Inner City
Asthma Study involving an inner-city population of asthmatic
children 4 to 9 years of age. Elevated food-specific IgE lev-
els were associated with increased rates of hospitalization
for asthma. Patients with PFCA as defined by admission to
PICU for asthma were not identified as a separate subset. In
another study by Simpson et al., the records of 201 children
with asthma who presented to an outpatient allergy depart-
ment at a children’s hospital over an 11-year period were
reviewed, including 88 patients with asthma and food allergy
and 113 patients with asthma alone (15). The presence of
one or more food allergies as well as allergy to peanuts and
milk were independently associated with increased number
of hospitalizations for asthma. Similar to our findings, the
number of PICU admissions was increased in the group with
food allergy compared with the group without food allergy,
but this was not statistically significant.

Other established risk factors for asthma morbidity in chil-
dren including younger age and African-American race were
also independently associated with increased asthma mor-
bidity (hospitalization) in our study (7). Children admitted
to either the PICU or regular nursing floor were signifi-
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cantly more likely to be African-American and to be at least
1 year younger compared with children seen in the ambula-
tory clinic. Children admitted to the PICU or regular nursing
floor were significantly more likely to reside in a poverty
area compared with children seen in the ambulatory clinic,
although this was not found to be an independent risk fac-
tor. Although tobacco exposure was a statistically significant
risk factor in this study, the small number of cases and wide
confidence limits imply this association should be interpreted
cautiously. Other potential risk factors for adult asthmatics
such as gender, inhaled steroid exposure, psychologic co-
morbidity, and season at admission, which have been found
to be significantly associated with asthma morbidity in previ-
ous studies in pediatric or adult asthmatics, were not shown
to be statistically significant risk factors in this study (5, 6).
Although food-induced respiratory symptoms may occur in
approximately 2% to 8% of children with asthma, none of the
patients admitted to PICU or regular nursing floor reported
a known ingestion of a potential food allergen before admis-
sion and no patient had additional symptoms that may have
been related to ingestion of possible food allergens such as
urticaria, angioedema, or anaphylaxis (19).

Although this study was not designed to investigate a
pathophysiologic mechanism to explain why children with
potentially fatal asthma may be more likely to have food al-
lergy, it is conceivable that in children with both asthma and
food allergy, the latter may be a marker for an asthma phe-
notype more prone to develop severe asthma exacerbations.
Further investigation is required to clarify the nature of the
association found in this study.

Several limitations of our study merit comment. This was
aretrospective chart review; however, bias was minimized by
using a chart reviewer who was blinded to study aims. ICS
exposure was not significantly different in the three groups
studied, suggesting that ICS use was not associated with re-
duced asthma severity as defined by admission either to the
regular nursing floor or the PICU; however, factors that may
have significantly affected asthma severity and control in-
cluding adherence, dose of ICS, and use of other mainte-
nance asthma medications such as leukotriene modifiers or
long-acting beta-agonists were not evaluated in this study.

A potential misclassification bias existed with the deter-
mination of patients with food allergy. No consistent infor-
mation was available regarding actual history of symptoms
related to ingestion of foods to which each patient reported
an allergy. The perception of food allergy is often overesti-
mated in studies of self-reported food allergy compared to
the actual incidence of IgE- mediated food allergy as defined
by objective diagnostic information including epicutaneous
skin testing, serum-specific IgE concentrations, and/or oral
food challenges. The prevalence of perceived allergy to food
or food additives in US households from previous studies
has ranged from 17% to 30%, while the actual prevalence of
IgE-mediated food allergy is estimated to be approximately
3% to 4% of the US population (20, 21). The incidence of
self-reported food allergy in our study was 13%. This number
should be interpreted cautiously and is not intended to repre-
sent true I[gE-mediated food allergy as the actual incidence of
IgE- mediated food allergy among patients in our study can-
not be determined from this study. Despite the potential for
overestimation of the true incidence of IgE-mediated food
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allergy by self-report, the validity of our data is supported
by the finding that five of the eight foods most commonly
associated with the majority of IgE-mediated food allergy
accounted for 79% of the self-reported food allergies in this
study.

CONCLUSIONS

In an urban US population of children and adoles-
cents, this study demonstrates that food allergy, poverty,
and African-American race are significantly associated with
hospitalization either in the PICU or the regular nursing floor
for asthmatic exacerbation compared with ambulatory asth-
matic patients. Although poverty and race/ethnicity have pre-
viously been identified as independent risk factors for PFCA,
food allergy has been shown to be an independent risk factor
for PFCA in only one previous study in England involving
a smaller number of patients. Our results demonstrate that
in an urban setting in North America, asthmatic children or
adolescents with food allergy are at higher risk for a life-
threatening asthma exacerbation compared with those with-
out food allergy. Our findings support the contention that
patients with food allergy are a target population for more
aggressive asthma management.
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