Ann Allergy Asthma Immunol 115 (2015) 56—62

Contents lists available at ScienceDirect

Annals of Allergy, Asthma
&Immunology

ACAAI @

Pediatric emergency department visits and hospitalizations due to @CmssMark
food-induced anaphylaxis in Illinois

Ashley A. Dyer, MPH *; Claudia H. Lau, BA*; Tracie L. Smith, MPH *; Bridget M. Smith, PhD ~";
and Ruchi S. Gupta, MD, MPH "*

*Ann & Robert H. Lurie Children’s Hospital of Chicago, Chicago, Illinois
T Center of Innovation for Complex Chronic Healthcare Edward J. Hines, Jr. Veterans Affairs Hospital, Hines, Illinois
Department of Pediatrics, Northwestern University Feinberg School of Medicine, Chicago, Illinois

ARTICLE INFO ABSTRACT
Article history: Background: Rates of food-induced anaphylaxis among children remain uncertain. In addition, little is
Received for publication December 5, 2014. known about the demographics of children who have experienced food-induced anaphylaxis resulting in

Received in revised form April 30, 2015.

o emergency department (ED) visits and/or subsequent hospitalizations.
Accepted for publication May 11, 2015.

Objectives: To evaluate trends in ED visits and hospital admissions due to food-induced anaphylaxis among
Illinois children and to identify socioeconomic variation in trend distribution.
Methods: Illinois hospital discharge data compiled by the Illinois Hospital Association were used to identify
ED visits or hospitalizations for food-induced anaphylaxis in Illinois hospitals from 2008-2012. Data for
children aged 0 to 19 years who were Illinois residents and received a diagnosis of food-induced anaphylaxis
based on International Classification of Diseases, Ninth Revision, Clinical Modification codes (995.60 through
995.69) were included for analysis.
Results: There was a significant increase in the rate of ED visits and hospital admissions due to food-induced
anaphylaxis among children in Illinois during the 5-year period, with an annual percent increase of 29.1%
from 6.3 ED visits and hospital admissions per 100,000 children in 2008 to 17.2 in 2012 (P <.001). Increases
in visit frequency were observed for all study variables, including age, sex, race/ethnicity, insurance type,
metropolitan status, hospital type, and allergenic food. Visits were most frequent each year for Asian chil-
dren and children with private insurance. However, the annual percent increase in visits was most pro-
nounced among Hispanic children (44.3%, P < .001) and children with public insurance (30.2%, P < .001).
Conclusion: ED visits and hospital admissions for food-induced anaphylaxis have increased during a 5-year
period among children in Illinois, regardless of race/ethnicity and socioeconomic status.

© 2015 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction are beginning to better understand potential variations by race/
ethnicity and socioeconomic status. For example, in one
population-based study’ of more than 40,000 children, black and
Asian children were significantly more likely to report a convincing
food allergy compared with their white counterparts; however,
these children reported lower rates of having physician-diagnosed
asthma. These epidemiologic disparities suggested in the previous
study were corroborated by studies reporting that black children
confront higher odds of being sensitized to food allergens and to
multiple foods.®? To date, disparities describing differences in so-
cioeconomic status suggest that children from families with lower
incomes are both less likely to report a food allergy and less likely to
S have physician-diagnosed asthma.®

Reprints: Ruchi S. QUpta, MD, MPH, Northwestern Feinberg Schqol of Medicine, Although epidemiologic studies are beginning to better under-
Centgr'for Commun}ty Healt.h, 750 N Lake Shore Dr, 6th Floor, Chicago, IL 60611; stand variations by demographics in food allergic children, little is
E-mail: r-gupta@northwestern.edu. A .
Disclosures: Authors have nothing to disclose. known about the demographic profile for the subset of children
Funding: All phases of this study were supported by Food Allergy Research and who have experienced food-induced reactions resulting in emer-
Education (FARE). gency department (ED) visits and/or subsequent hospital

Anaphylaxis is defined as a severe, IgE-mediated, potentially
life-threatening reaction that is rapid in onset, and recent research
suggests that rates are increasing.! > Of the multiple triggers
known to cause anaphylaxis, food allergens are the most common
among the pediatric population.” Similarly, rates of childhood food
allergy have increased to an estimated 8% of the US pediatric
population with 40% of affected children having experienced a se-
vere reaction, including anaphylaxis.®

Although investigation is warranted to better characterize dis-
parities within the food allergic pediatric population, researchers

http://dx.doi.org/10.1016/j.anai.2015.05.006
1081-1206/© 2015 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:r-gupta@northwestern.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.anai.2015.05.006&domain=pdf
www.sciencedirect.com/science/journal/10811206
http://dx.doi.org/10.1016/j.anai.2015.05.006
http://dx.doi.org/10.1016/j.anai.2015.05.006
http://dx.doi.org/10.1016/j.anai.2015.05.006

A.A. Dyer et al. / Ann Allergy Asthma Immunol 115 (2015) 56—62 57

admissions. However, studies specifically examining food-induced
anaphylaxis in industrialized countries suggest increasing rates in
the pediatric population.">''°!? For example, known demographic
predictors of ED visits from a population-based study in Florida
included younger age and female sex, whereas black patients were
less likely to be treated in the ED."> Moreover, children receiving
Medicaid are known to have lower odds of receiving epinephrine
before arrival to the ED, which could place them at higher risk for
hospitalization.'®

Previous research estimating rates and predictors of ED visits
and hospital admissions due to anaphylaxis have yielded mixed
results and do not regularly stratify anaphylaxis trigger (eg, food) by
demographic characteristics (eg, race/ethnicity). Thus, better char-
acterizing who is affected by food-induced anaphylaxis remains
critical to informing targeted public health interventions that
ensure children’s safety where they live, learn, and play. To this end,
we sought to better understand the population of Illinois children
experiencing anaphylaxis through a large database (COMPData) by
(1) evaluating trends in annual ED visits and hospital admissions
and (2) characterizing the distribution of ED visits and hospital
admissions by race/ethnicity and socioeconomic status.

Methods

Institutional review board approval was not required for
completion of this study per the policy of the institutional review
board of Ann & Robert H. Lurie Children’s Hospital of Chicago. Data
reviewed were deidentified and not subject to written or verbal
participant consent.

Study Design

Illinois hospital discharge data (COMPdata) compiled by the Il-
linois Hospital Association were used to identify ED visits or inpa-
tient hospital admissions for food-induced anaphylaxis in Illinois
hospitals between 2008 and 2012. This database, available to sub-
scribing hospitals, includes all hospitals in Illinois with the excep-
tion of the 5 Veterans Affairs hospitals in the state. COMPdata
include administrative data on ED visits and inpatient hospital
admissions. Data elements include admission date, discharge date,
hospital charges, diagnosis codes, procedure codes, age, sex, race/
ethnicity, health insurance provider, and zip code. COMPdata uses
rigorous standards to ensure that data are high quality and accu-
rate. Data were included for Illinois residents aged 0 to 19 years at
the time of ED visit or hospital admission who received a visit-
related diagnosis of food-induced anaphylaxis based on the
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International Classification of Diseases, Ninth Revision, Clinical
Modification codes (995.60 through 995.69).

Demographic data evaluated included age, sex, race/ethnicity,
insurance type, and metropolitan status. Metropolitan status was
based on zip code, which was further categorized into metropolitan
areas using the rural urban commuting area codes. Clinical data
evaluated included allergenic food, hospitalization status, hospital
type, and length of stay. Allergenic foods were only analyzed
individually if responsible for more than 10 cases each year; foods
that did not meet this criteria were analyzed collectively as “other
food.” Cases in which the triggering food was not documented were
analyzed as “unknown food.” Hospital type was determined using
pediatric intensive care unit (PICU) and children’s hospital desig-
nations from the Illinois Department of Public Health.

Statistical Analysis

Rates per 100,000 children were calculated for ED visits and
hospital admission by dividing the appropriate number of cases by
Illinois population estimates per year. Population estimates for
children residing in the state of Illinois were obtained from the US
Census Bureau for the corresponding study period. The 95% Cls
were calculated using the Mid-P Exact test. Joinpoint was used to
calculate the average annual percent change (AAPC) and to test
trends over time.'* Analysis of variance was used to compare mean
length of stay for hospitalizations between groups. Analyses were
performed using SPSS statistical software, version 22 (SPSS Inc,
Cary, North Carolina), and STATA statistical software, version 12
(Stata Corp, College Station, Texas). P < .05 was considered statis-
tically significant.

Results

There were a total of 1,893 ED visits and hospital admissions due
to food-induced anaphylaxis among children in Illinois during the
5-year study period, corresponding to an annual rate of 10.9 ED
visits and hospitalizations per 100,000 children. Among children
presenting to the ED, 203 (10.7%) were hospitalized, corresponding
to an annual rate of 1.2 hospitalizations per 100,000 children (Fig 1
and Table 1). During the 5-year study period, there was one re-
ported death due to food-induced anaphylaxis.

A significant increase in the rate of ED visits and hospitalizations
due to food-induced anaphylaxis was observed from 2008 to 2012,
with an annual percent increase of 29.3% from 6.3 ED visits and
hospitalizations per 100,000 children in 2008 to 17.2 in 2012 (P <
.001). A similar trend was observed for the rate of hospital
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Figure 1. A, Rates of emergency department (ED) visits and hospital admissions due to food-induced anaphylaxis among children in Illinois. B, Annual percent increase in visits
from 2008 to 2012. Asterisk indicates a statistically significant increase from 2008 to 2012 (P < .005).



58

Table 1
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Rates of ED visits and hospital admissions for food-induced anaphylaxis among children in illinois by year, 2008-2012

Rate of ED visits and hospital admissions for food-induced anaphylaxis per 100,000 children (95% CI)

2009 (n = 279)

2010 (n = 319)

2011 (n = 481)

2012 (n = 590)

Variable
2008 (n = 226)
Overall 6.3 (5.5-7.2)
Age group, y
0-4 (n = 840) 11.9 (9.7-14.4)
5-9 (n = 419) 4.6 (3.3-6.2)
10-14 (n = 284) 34 (2.3-4.9)
15-19 (n = 351) 5.3 (4.0-7.1)
Sex
Male (n = 1117) 7.2 (6.1-8.6)
Female (n = 777) 5.4 (4.4-6.6)

Race/ethnicity
Asian, non-Hispanic (n = 124)

12.9 (7.8-20.2)

Black, non-Hispanic (n = 369) 8.0 (5.9-10.6)

White, non-Hispanic (n = 1009) 6.0 (5.0-7.3)

Hispanic (n = 248) 2.8(1.8-4.2)
Insurance type

Private insurance (n = 1374) 7.7 (6.6-8.9)

Public insurance (n = (519) 3.9 (2.9-5.1)

Metropolitan status
Chicago, urban (n = 639)

11.0 (8.7-13.8)

7.8 (6.9-8.8)

15.0 (12.6-17.8)

6.5 (4.9-8.4)
5.1 (3.7-6.9)
4.8 (3.5-6.4)

9.9 (8.5-11.5)
5.6 (4.6-6.9)

11.6 (6.7-18.5)

9.4 (7.1-12.2)
7.6 (6.4-8.9)
3.8 (2.6-5.3)

8.3 (7.2-9.6)
7.0 (5.6-8.6)

14.0 (11.4-17.1)

9.1 (8.2-10.2)

16.8 (14.1-19.8)
7.2 (5.5-9.2)
5.7 (4.2-7.5)
7.3 (5.6-9.2)

11.4(9.9-13.1)
6.7 (5.6-8.1)

15.2 (9.8-22.7)
9.2 (6.9-12.0)

10.1 (8.7-11.7)
45 (3.1-6.2)

11.0 (9.7-11.2)
6.0 (4.7-7.5)

14.0 (11.4-17.8)

13.9 (12.7-15.2)

25.5(22.1-29.2)

12.8 (10.5-15.4)
8.5 (6.7-10.7)
9.4 (7.5-11.6)

152 (13.5-17.2)
12.5 (10.8-14.3)

224 (15.3-31.6)

17.5 (14.2-21.3)

142 (12.5-16.0)
7.4 (5.6-9.5)

16.9 (15.3-18.8)
9.2 (7.7-10.9)

24.7 (21.2-28.7)

17.2 (15.9-18.7)

30.5 (26.9-34.5)
17.7 (15.0-20.7)
9.9 (8.0-12.2)
11.8 (9.7-14.2)

18.9 (17.0-21.1)
15.5 (13.7-17.5)

24.1(16.9-33.3)
20.2 (16.8-24.4)
16.8 (15.0-18.8)
12.5 (10.2-15.2)

18.8 (17.1-20.8)
14.8 (12.8-17.0)

27.6 (23.9-31.7)

Chicago, not urban (n = 978) 7.4 (6.2-8.9)
Outside Chicago, urban (n = 125) 3.2 (1.8-5.9)
Outside Chicago, not urban (N = 142) 1.4 (0.7-2.5)
Hospitalization status
Discharged from ED (n = 1753) 6.0 (5.3-6.9)
Admitted to hospital (n = 203) 0.8 (0.5-1.0)
Food allergen
Peanut (n = 649) 2.2 (1.8-2.8)
Tree nut (n = 318) 0.9 (0.6-1.3)
Fin fish (n = 123) 0.4 (0.3-0.8)
Milk (n = 103) 0.4 (0.2-0.7)
Other food (n = 452) 1.8 (1.4-2.3)
Unknown food (n = 259) 0.6 (0.4-0.9)
Hospital type
Dedicated pediatric hospital (n = 771) 2.6 (2.1-3.2)
Combined adult and pediatric hospital with PICU (n = 349) 1.5 (1.3-1.9)

Combined adult and pediatric hospital without PICU (n = 773) 2.2 (1.8-2.8)

8.5 (7.2-10.0) 10.4 (9.0-12.1) 13.5 (11.8-15.4) 17.8 (15.9-19.9)
2.7 (1.3-4.9) 5.3 (3.2-82) 9.8 (6.9-13.5) 12.2 (9.1-16.2)
3.7 (2.5-5.4) 3.3 (2.1-4.9) 5.2 (3.7-7.2) 5.9 (4.3-7.9)
7.1 (6.2-8.0) 8.5 (7.5-9.5) 12.8 (11.6-14.0) 16.0 (14.7-17.4)
1.0 (0.7-13) 1.2 (0.9-1.6) 1.4 (1.1-1.9) 1.5 (1.1-1.9)
2.2 (1.8-2.8) 3.7 (3.1-4.4) 4.8 (4.1-5.6) 5.6 (4.9-6.5)
1.5 (1.2-2.0) 1.5 (1.1-1.9) 2.3 (1.9-2.9) 2.9 (2.4-3.5)
0.7 (0.5-1.0) 0.4 (0.2-0.7) 0.9 (0.6-1.3) 1.1 (0.7-1.4)
0.4 (0.3-0.7) 0.3 (0.1-0.5) 0.8 (1.5-1.2) 1.0 (0.7-1.4)
2.0 (1.6-2.5) 2.0 (1.5-2.9) 3.1 (2.5-3.7) 41 (2.5-4.9)
1.0 (0.7-1.3) 1.3 (0.9-1.7) 2.0 (1.5-2.5) 2.6 (2.1-32)
3.5 (3.0-4.2) 3.4 (2.9-4.1) 5.7 (5.0-6.6) 6.8 (6.0-7.7)
1.2 (0.9-1.6) 1.9 (1.5-2.5) 2.3 (1.8-2.8) 3.1 (2.5-3.7)
3.1 (2.5-3.7) 3.7 (3.1-4.4) 5.8 (5.1-6.7) 7.4 (6.5-8.3)

Abbreviations: ED, emergency department; PICU, pediatric intensive care unit.

admissions, with an annual percent increase of 18.8% from 0.8
hospitalizations per 100,000 children in 2008 to 1.5 in 2012 (P <
.001) (Fig 1 and Table 2).

Demographic Characteristics

Annual rates of ED visits and hospital admissions increased
significantly from 2008 to 2012 for children of all ages, sexes, races/
ethnicities, insurance types, and metropolitan statuses (Table 2).
The annual percent increase was most pronounced among children
aged 5 to 9 years (40.3%, P < .001), Hispanic children (44.3%, P <
.001), children with public insurance (30.2%, P <.001), and children
in urban neighborhoods outside Chicago (49.1%, P < .001). By de-
mographic variable, visits were most frequent for children aged 0 to
4 years (Fig 2), Asian children (Fig 3), children with private insur-
ance (Table 2), and children in urban Chicago neighborhoods (Fig 4).
They were least frequent for children aged 15 to 19 years, Hispanic
children, children with public insurance, and children in suburban
neighborhoods outside Chicago. Interestingly, black children and
white children had similar rates of ED visits and hospitalizations, as
well as similar annual percent increases. Regarding geographic
distribution, we also calculated the annual percent increase for
geographic categories as follows: urban (AAPC, 27.3; 95% (I, 15.4-
40.4; P < .001), suburban (AAPC, 28.8; 95% CI, 17.4-41.3; P < .001),
and rural (AAPC, 39.4; 95% CI, —13.6 to 125.0; P = .10).

Clinical Characteristics

Anaphylaxis for any diagnosis increased between 2008 and
2012; however, the increase for all causes was substantially lower

than the overall increase in food-induced anaphylaxis (9%
compared with 29%). Annual rates of ED visits and hospital ad-
missions increased significantly from 2008 to 2012 for all allergenic
foods and hospital types (Table 2). Non—food-related anaphylaxis
from 2008 to 2012 increased by 23.6%, which was lower than the
overall percent increase of food-related anaphylaxis. The annual
percent increase was most pronounced for children with tree
nut—induced anaphylaxis (31.7%, P < .001) and for children pre-
senting to a combined adult and pediatric hospital without a PICU
(35.6%, P < .001). Visits were most frequent for children with
peanut-induced anaphylaxis, followed by tree nut, fin fish, and milk
allergy (Fig 5).

The proportion of children admitted to the hospital after pre-
sentation to the ED is listed in Table 3. By variable, hospitalizations
were significantly more frequent for children with milk-induced
anaphylaxis (23.3%, P < .001), children in suburban Chicago
neighborhoods (12.7%, P < .03), and children presenting to a
dedicated pediatric hospital or a combined adult and pediatric
hospital with a PICU (12.3% for both, P < .03). Moreover, for in-
fants, 42% were hospitalized as a result of their food-induced
anaphylaxis compared with only 18% of children 1 year and
older (P = .02).

Among children who were hospitalized, the mean (SD) length of
stay was 1.5 (1.4) days, with a marginally shorter stay among
children admitted to a dedicated pediatric hospital 1.2 (0.68) days
versus 1.6 (1.5) days in a combined adult and pediatric hospital (P =
.16). Length of stay did not vary significantly by age, sex, race/
ethnicity, insurance type, metropolitan status, or food allergen.
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Table 2
Annual percent increase in ED visits and hospital admissions for food-induced
anaphylaxis among children in illinois from 2008 to 2012

Variable Average annual P value
increase, %
Overall 293 <.001
Age group, y
0-4 27.3 <.001
5-9 40.3 <.001
10-14 30.1 <.001
15-19 25.6 <.001
Sex
Male 26.7 <.001
Female 33.6 <.001
Race/ethnicity
Asian, non-Hispanic 21.0 <.001
Black, non-Hispanic 28.1 <.001
White, non-Hispanic 30.6 <.001
Hispanic 443 <.001
Insurance type
Private insurance 39.0 <.001
Public insurance 30.2 <.001
Metropolitan status
Chicago, urban 27.2 <.001
Chicago, suburban 24.8 <.001
Outside Chicago, urban 49.1 <.001
Outside Chicago, suburban 38.5 <.001
Hospitalization status
Discharged from ED 28.9 <.001
Admitted to hospital 19.3 <.001
Food allergen
Peanut 30.2 <.001
Tree nut 31.7 <.001
Fin fish 21.8 .20
Milk 25.9 .200
Other food 234 <.001
Unknown food 43.5 <.001
Hospital type
Dedicated pediatric hospital 271 <.001
Combined adult and pediatric 22.9 <.001
hospital with PICU
Combined adult and pediatric hospital 35.6 <.001
without PICU

Abbreviations: ED, emergency department; PICU, pediatric intensive care unit.

Discussion
Disparities

There was a significant increase in the annual rate of ED visits
and hospitalizations due to food-induced anaphylaxis among
children in Illinois from 2008 to 2012. Specifically, ED visits and
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hospital admissions increased on average 29.3% annually, whereas
hospital admissions increased 18.8%. The upward trend in both ED
visits and hospital admissions was observed, regardless of study
variable analyzed. Moreover, although there was an upward trend
in ED visits during the entire 5-year study period, there was a
marked increase specifically between 2010 and 2012. ED visits and
hospital admissions were most frequent for Asian children and
children with private insurance. However, although Hispanic chil-
dren and children with public insurance less frequently visited the
hospital, these groups were among those with the largest annual
percent increase in visits over time, suggesting trends in distribu-
tion may be in the process of change. Finally, black children and
white children had similar rates of ED visits and hospital admis-
sions, as well as similar increases in visits over the years.

The trends observed in this study are consistent with those re-
ported in a Boston ED from 2001 to 2006, where the rate of ED visits
due to food-induced anaphylaxis doubled with a similar increase in
hospitalizations.!! This finding may suggest, as our study does, that
food allergy is increasing even in socioeconomically and demo-
graphically diverse populations. Understanding socioeconomic
variation may help inform public health efforts and focus resources
on children who are more likely to have an anaphylactic reaction or
less likely to receive adequate health care.

Racial disparities are particularly important to detect, given that
such disparities have been identified repeatedly for other atopic
health conditions, including asthma and atopic dermatitis.”>~'% In
the current study, Hispanic children less frequently visited the
hospital for food-induced anaphylaxis compared with other racial
groups/ethnicity. However, Hispanic children also experienced the
greatest annual percent increase in ED visits and hospitalizations
during the 5-year study period, suggesting that trends in racial
distribution may change in the near future. This finding is consis-
tent with the literature. It has been previously reported that
Hispanic children have one of the lowest rates of ED visits due to
food-induced anaphylaxis but are gradually accounting for a higher
proportion of visits each year.!! Similarly, it has been suggested that
although food allergy prevalence is significantly lower among
Hispanic children, this group accounts for a greater proportion of
disease each year.? We further found that black children had rates
of ED visits and hospitalizations similar to those of white children,
as well as similar annual percent increases in visits.

Our finding is consistent with a study of predictors of hospital
admissions for food-induced anaphylaxis, which found no differ-
ences in rates of ED visits between white and black patients.’’ In
the study by Harduar-Morano et al,'® black patients were 25% more
likely to visit the ED for anaphylaxis due to food. Further work is
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Figure 2. A, Distribution of rates of emergency department (ED) visits and hospital admissions due to food-induced anaphylaxis among children in Illinois by age. B, Annual
percent increase in visits from 2008 to 2012. Asterisk indicates a statistically significant increase from 2008 to 2012 (P < .005).
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Figure 3. A, Rates of emergency department (ED) visits and hospital admissions due to food-induced anaphylaxis among children in Illinois by race/ethnicity. B, Annual
percent increase in visits from 2008 to 2012. Asterisk indicates a statistically significant increase from 2008 to 2012 (P < .005).

warranted to better understand how race/ethnicity may predict the
likelihood of food-induced anaphylaxis.

Similar trends were observed for children with public insurance
as were seen among Hispanic children, namely, less frequent
annual visits but a large percent increase over time. Studies of all
causes of anaphylaxis have previously reported low rates among
patients with public insurance.'®?? Lower odds of food-induced
anaphylaxis have also been estimated for patients with public in-
surance, and children from low-income households are reportedly
less likely to have a food allergy.®'> However, our findings suggest
that although food-induced anaphylaxis may be more commonly
reported in higher socioeconomic groups, current trends are dy-
namic and have the potential to change.

Previous studies of all causes of anaphylaxis reported no asso-
ciation between allergy-related ED visits and metropolitan sta-
tus.”>>* However, we found that ED visits for food-induced
anaphylaxis were most frequent for children from urban Chicago
neighborhoods, which is consistent with our previous work
revealing higher rates of food allergy with increasing population
density.” Like the trends discussed above, this trend may also be
fluid: although children from suburban neighborhoods outside
Chicago less frequently visit the ED for food-induced anaphylaxis,
they represent the greatest annual percent increase in visits. Given
inconsistency in the literature, further research is warranted to
better understand the association between metropolitan status and
food-induced anaphylaxis. Currently, it is imperative that clinicians
recognize the potential for food-induced anaphylaxis in children

living in both urban and suburban environments and effectively
educate families in the recognition and management of food-
induced reactions.

Previous studies characterizing the severity of food allergy re-
actions report that more than half of peanut and tree nut allergic
children experience a severe reaction.® For peanut allergies spe-
cifically, research has found that children experience severe re-
actions, including life-threatening anaphylaxis, at a higher rate
when compared with other allergens.””> 2% Accordingly, our study
found that ED visits for food-induced anaphylaxis were most
frequent for children with peanut and tree nut allergies among
known foods.

Several limitations to this study should be highlighted. COMP-
data are administrative data, and the retrospective nature of our
study design did not allow for verification of diagnosis codes with
laboratory testing or oral food challenges or for validation of
nonclinical data, such as insurance status. Sole reliance on diag-
nostic codes also increases the possibility of inaccurate coding or
misclassification. There is a risk of underdetection of anaphylaxis
because physicians often incorrectly assign a diagnosis of acute
allergic reaction or other causes of respiratory failure or hypoten-
sion as opposed to selecting an International Classification of Dis-
eases, Ninth Revision code consistent with anaphylaxis.> Likewise,
there is a potential risk for overdiagnosis of anaphylaxis due to
inaccurate coding or misclassification, particularly in younger
children. Furthermore, an additional limitation of the COMPdata
database is that the patients are deidentified, which does not allow
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Figure 4. A, Rates of emergency department (ED) visits and hospital admissions due to food-induced anaphylaxis among children in Illinois by metropolitan status. B, Annual
percent increase in visits from 2008 to 2012. Asterisk indicates a statistically significant increase from 2008 to 2012 (P < .005). U indicates urban; S, suburban.
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Figure 5. A, Rates of emergency department (ED) visits and hospital admissions due to food-induced anaphylaxis among children in Illinois by food allergen trigger. B, Annual
percent increase in visits from 2008 to 2012. Asterisk indicates a statistically significant increase from 2008 to 2012 (P < .005).

for examination of patients who may have had more than one ED
visit or hospitalization for food-induced anaphylaxis. In addition, a
limitation of using claims data is that it is difficult to distinguish
between a real change in rates in anaphylaxis vs a change in billing
terms. Because the overall proportion of minorities in Illinois is
increasing and we used the 2010 US Census estimates for race and
ethnicity, it is possible that some of the changes related to race and
ethnicity were due to demographic changes; however, we believe
this is unlikely given the increase in rates in other racial and ethnic
groups. Although we found an upward trend in the number of ED
visits due to anaphylaxis (particularly between 2010 and 2012), our
study was not population based and may not be powered to detect

Table 3
Hospital admissions for food-induced anaphylaxis from 2008 to 2012

Variable % hospitalized, P
(n) value
Age group, y >.05
0-4 10.2 (86)
5-9 9.1 (38)
10-14 11.3 (32)
15-19 13.4 (47)
Sex >.05
Male 11.5 (128)
Female 9.7 (75)
Race/ethnicity >.05
Asian, non-Hispanic 113 (14)
Black, non-Hispanic 11.9 (44)
White, non-Hispanic 9.6 (97)
Hispanic 9.7 (24)
Insurance type >.05
Private insurance 10.7 (147)
Public insurance 10.8 (56)

Metropolitan status .03

Chicago, urban 8.5 (54)
Chicago, suburban 12.7 (124)
Outside Chicago, urban 7.3(9)
Outside Chicago, suburban 11.3 (16)
Food allergen <.001
Peanut 11.0 (71)
Tree nut 11.6 (37)
Fin fish 114 (14)
Milk 23.3 (24)
Other food 8.6 (39)
Unknown 7.3 (19)
Hospital type .03
Dedicated pediatric hospital 12.3 (95)
Combined adult and pediatric hospital with PICU 12.3 (43)
Combined adult and pediatric hospital without PICU 8.4 (65)

Abbreviations: ED, emergency department; PICU, pediatric intensive care unit.

such change. Finally, our findings were limited to hospitals in Illi-
nois and as such may not be generalizable to other areas of the
country.

Our data suggest that the rate of food-induced anaphylaxis is
increasing in Illinois. ED visits and hospitalizations increased on
average 29.3% annually from 6.3 visits per 100,000 children in 2008
to 17.2 in 2012, whereas admissions increased 18.8% from 0.8
hospitalizations per 100,000 children in 2008 to 1.5 in 2012. Sig-
nificant increases in ED visits and hospitalizations were observed
for all study variables analyzed, including race/ethnicity, insurance
type, and metropolitan status. Notably, although Hispanic children
and children with public insurance less frequently visited the
hospital, these groups were among the largest annual percent in-
crease in visits over time. Furthermore, black children and white
children had similar rates of ED visits and hospitalizations, as well
as similar increases in visits. Such findings suggest that trends in
distribution are dynamic and may change in the near future, war-
ranting close monitoring to ensure proper resource allocation for
children at higher risk. Currently, it is critical that physicians are
vigilant in the timely diagnosis of food-induced anaphylaxis and
able to adequately educate patient families about recognition and
management of severe, potentially fatal reactions.

Acknowledgments

We thank Food Allergy Research and Education for their support of
this research. We also thank Jenifer Cartland, PhD, for her valuable
guidance in the conception of this study, as well as Elizabeth Sita,
MD and Madeline Walkner, BS for their assistance in manuscript
preparation and review.

References
1

Decker WW, Campbell RL, Manivannan V, et al. The etiology and incidence of
anaphylaxis in Rochester, Minnesota: a report from the Rochester Epidemi-
ology Project. ] Allergy Clin Immunol. 2008;122:1161—-1165.

[2] Lieberman P, Camargo CA Jr, Bohlke K, et al. Epidemiology of anaphylaxis:
findings of the American college of allergy, asthma and immunology epide-
miology of anaphylaxis working group. Ann Allergy Asthma Immunol. 2006;97:
596—-602.

[3] Liew WK, Williamson E, Tang ML. Anaphylaxis fatalities and admissions in

Australia. J Allergy Clin Immunol. 2009;123:434—442.

Sheikh A, Hippisley-Cox ], Newton ], Fenty J. Trends in national incidence,

lifetime prevalence and adrenaline prescribing for anaphylaxis in England. J R

Soc Med. 2008;101:139—143.

Simons F, Ardusso L, Bilo MB, et al. World Allergy Organization guidelines for

the assessment and management of anaphylaxis. J Allergy Clin Immunol. 2011;

593:1-22.

[4

[5


http://refhub.elsevier.com/S1081-1206(15)00315-4/sref1
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref1
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref1
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref1
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref2
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref2
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref2
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref2
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref2
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref3
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref3
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref3
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref4
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref4
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref4
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref4
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref5
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref5
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref5
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref5

62

[6]

[7

(8]

[9

[10]

[11]

(12]

[13]

[14]

[15]

[16]

(17]

[18]

A.A. Dyer et al. / Ann Allergy Asthma Immunol 115 (2015) 56—62

Gupta RS, Springston EE, Warrier MR, et al. The prevalence, severity, and
distribution of childhood food allergy in the United States. Pediatrics. 2011;
128:e9—e17.

Gupta RS, Springston EE, Smith B, Warrier MR, Pongracic ], Holl JL. Geographic
variability of childhood food allergy in the United States. Clin Pediatr. 2012;
51:856—861.

Kumar R, Tsai HJ, Hong X, et al. Race, ancestry, and development of food-
allergen sensitization in early childhood. Pediatrics. 2011;128:e821—e829.
Sicherer SH, Sampson HA. Food allergy. J Allergy Clin Immunol. 2010;125:
S$116—-S125.

Huang F, Chawla K, Jarvinen KM, Nowak-Wegrzyn A. Anaphylaxis in a New
York City pediatric emergency department: triggers, treatments, and
outcomes. J Allergy Clin Immunol. 2012;129:162—168.e1-3.

Rudders SA, Banerji A, Vassallo MF, Clark S, Camargo CA Jr. Trends in pediatric
emergency department visits for food-induced anaphylaxis. J Allergy Clin
Immunol. 2010;126:385—388.

Yocum MW, Butterfield JH, Klein ]S, Volcheck GW, Schroeder DR,
Silverstein MD. Epidemiology of anaphylaxis in Olmsted County: a
population-based study. J Allergy Clin Immunol. 1999;104:452—456.
Harduar-Morano L, Simon MR, Watkins S, Blackmore C. A population-based
epidemiologic study of emergency department visits for anaphylaxis in
Florida. J Allergy Clin Immunol. 2011;128:594—600.e1.

Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint
regression with applications to cancer rates. Stat Med. 2001;20:655.

Ginde AA, Espinola JA, Camargo CA Jr. Improved overall trends but persistent
racial disparities in emergency department visits for acute asthma,
1993-2005. J Allergy Clin Immunol. 2008;122:313—-318.

Horii KA, Simon SD, Liu DY, Sharma V. Atopic dermatitis in children in the
United States, 1997-2004: visit trends, patient and provider characteristics,
and prescribing patterns. Pediatrics. 2007;120:e527—e534.

McDaniel M, Paxson C, Waldfogel ]. Racial disparities in childhood asthma in
the United States: evidence from the National Health Interview Survey, 1997
to 2003. Pediatrics. 2006;117:e868—e877.

Shaw TE, Currie GP, Koudelka CW, Simpson EL. Eczema prevalence in the
United States: data from the 2003 National Survey of Children’s Health.
J Investig Dermatol. 2010;131:67—73.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Stewart KA, Higgins PC, McLaughlin CG, Williams TV, Granger E, Croghan TW.
Differences in prevalence, treatment, and outcomes of asthma among a
diverse population of children with equal access to care: findings from a
study in the military health system. Arch Pediatr Adolesc Med. 2010;164:
720-726.

Branum AM, Lukacs SL. Food allergy among children in the United States.
Pediatrics. 2009;124:1549—1555.

Banerji A, Rudders SA, Corel B, Garth AP, Clark S, Camargo CA Jr. Predictors
of hospital admission for food-related allergic reactions that present to
the emergency department. Ann Allergy Asthma Immunol. 2011;106:
42—48.

Lin RY, Anderson AS, Shah SN, Nurruzzaman F. Increasing anaphylaxis
hospitalizations in the first 2 decades of life: New York State, 1990-2006. Ann
Allergy Asthma Immunol. 2008;101:387—393.

Gaeta TJ, Clark S, Pelletier AJ, Camargo CA. National study of US emergency
department visits for acute allergic reactions, 1993 to 2004. Ann Allergy
Asthma Immunol. 2007;98:360—365.

Rudders SA, Espinola JA, Camargo CA Jr. North-south differences in US
emergency department visits for acute allergic reactions. Ann Allergy Asthma
Immunol. 2010;104:413—416.

Moneret-Vautrin D, Rance F, Kanny G, et al. Food allergy to peanuts in France-
evaluation of 142 observations. Clin Exp Allergy. 1998;28:1113—1119.
Sicherer SH, Furlong TJ, DeSimone ], Sampson HA. The US Peanut and Tree Nut
Allergy Registry: characteristics of reactions in schools and day care. ] Pediatr.
2001;138:560—565.

Sicherer SH, Furlong TJ, Mufioz-Furlong A, Burks AW, Sampson HA.
A voluntary registry for peanut and tree nut allergy: characteristics of the first
5149 registrants. J Allergy Clin Immunol. 2001;108:128—132.

Sicherer SH, Mufioz-Furlong A, Burks AW, Sampson HA. Prevalence of peanut
and tree nut allergy in the US determined by a random digit dial telephone
survey. J Allergy Clin Immunol. 1999;103:559—562.

Taylor-Black S, Wang ]. The prevalence and characteristics of food
allergy in urban minority children. Ann Allergy Asthma Immunol. 2012;109:
431-437.

Klein JS, Yocum MW. Underreporting of anaphylaxis in a community
emergency room. J Allergy Clin Immunol. 1995;95:637—638.


http://refhub.elsevier.com/S1081-1206(15)00315-4/sref6
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref6
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref6
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref6
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref7
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref7
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref7
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref7
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref8
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref8
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref8
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref9
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref9
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref9
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref10
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref10
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref10
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref10
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref10
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref10
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref11
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref11
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref11
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref11
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref12
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref12
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref12
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref12
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref13
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref13
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref13
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref13
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref14
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref14
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref15
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref15
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref15
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref15
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref16
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref16
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref16
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref16
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref17
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref17
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref17
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref17
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref18
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref18
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref18
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref18
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref19
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref19
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref19
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref19
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref19
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref19
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref20
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref20
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref20
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref21
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref21
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref21
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref21
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref21
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref22
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref22
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref22
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref22
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref23
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref23
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref23
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref23
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref24
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref24
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref24
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref24
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref25
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref25
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref25
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref26
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref26
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref26
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref26
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref27
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref27
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref27
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref27
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref28
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref28
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref28
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref28
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref29
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref29
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref29
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref29
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref30
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref30
http://refhub.elsevier.com/S1081-1206(15)00315-4/sref30

	Pediatric emergency department visits and hospitalizations due to food-induced anaphylaxis in Illinois
	Introduction
	Methods
	Study Design
	Statistical Analysis

	Results
	Demographic Characteristics
	Clinical Characteristics

	Discussion
	Disparities

	Acknowledgments
	References


