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Abstract

Background: The US older adult populatior@5 years) is increasing and may be at increased
risk for severe anaphylaxis. Little is known abtié healthcare utilization for acute allergic
reactions (AAR), including anaphylaxis, among oldéults.

Objectives: To characterize trends in emergency department ¥ and hospitalizations for

AAR and anaphylaxis among US older adults from 2064, and to examine factors associated

with severe anaphylaxis.
M ethods: We performed cross-sectional analyses of tren&®irisits and hospitalizations among
older adults using data from the Nationwide Emecgddepartment Sample and the National
(Nationwide) Inpatient Sample in 2006-2014. We usgetnational Classification of Diseases,
Ninth Revision, Clinical Modification diagnostic codes to identify visits for AAR, inclod
anaphylaxis. Multivariable logistic regression mimggwas used to identify factors associated
with severe anaphylaxis (cardiac arrest, intubadioth death).

Resaults: In 2006-2014, older adults experienced approxingeltg19,967 AAR-related ED
visits; 173,844 AAR-related hospitalizations; 9F @haphylaxis-related ED visits; and 72,677
anaphylaxis-related hospitalizations. While AARateld ED visit and hospitalization rates
remained stable (P-trends=0.28 and 0.16, respégtiamaphylaxis-related ED visit and
hospitalization rates significantly increased awee (37 visits per 100,000 population in 2006
to 51 in 2014, P-trend<0.001; 13 hospitalizatioas 100,000 population in 2006 to 23 in 2014,
P-trend<0.001), especially hospitalization ratesifaig-related anaphylaxis (47 hospitalizations
per 100,000 population in 2006 to 85 in 2014, RdrH.001). Risk factors for anaphylaxis-

related death included older age and drug-relaiggetr.
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Conclusions: In a nationally representative sample of US oldkits, the rate of anaphylaxis-
related ED visits and hospitalizations increaseet ¢wne. Drug-related triggers represented a
substantial portion of the increased healthcatization and are a growing risk in this

vulnerable population.
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Highlights Box

What isalready known about thistopic?

Little is known about national healthcare utilipatipatterns for acute allergic reactions,

including anaphylaxis, in the US older adult popiola (age=65 years).

What doesthisarticle add to our knowledge?

Older adults had a higher anaphylaxis-related halsmtion rate than younger adults.
Anaphylaxis-related ED visits and hospitalizatioespecially drug-related, have increased over
time. Risk factors for anaphylaxis-related deatituded older age, especialt§5 years of age,

and drug-related trigger.
How doesthis study impact current management guidelines?

Anaphylaxis, especially drug-related anaphylads growing risk for the US older adult
population. It may be important to establish agprapriate clinical guidelines for anaphylaxis

in this vulnerable population with unique exposward comorbidities.

Key Words: anaphylaxis; allergy; allergic reaction; older agelderly; emergency department;

hospitalization

Abbreviations:

AAR: Acute allergic reaction

ED: Emergency department

ICD-9-CM: International Classification of Diseasdinth Revision, Clinical Modification
NEDS: Nationwide Emergency Department Sample

NIS: National Inpatient Sample and Nationwide lgratSample

US: United States
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Introduction

Nearly 46 million older adults (age5 years) currently live in the United States (US).
The older adult population is rapidly growing, cied to more than double in size by 2660.
Anaphylaxis is potentially life-threatening, andaleanaphylaxis has been associated with older
age, especially among those with multiple co-matiaisi®* While an increase in anaphylaxis-
related visits have been observed in younger ptpuok little is known about the trends in acute
allergic reactions (AAR), including anaphylaxis,@my US older adult3Few studies have
examined risk factors for severe anaphylaxis is thinerable populatioh.

The objective of this study was to characterizeperal trends in emergency department
(ED) visits and hospitalizations for AAR (includimgaphylaxis) among US older adults and to
examine factors associated with severe anaphyldxssimportant to better understand the
trends in anaphylaxis, healthcare utilization, aedere outcomes in this rapidly growing US

older adult population to inform future policy adihical guidelines.
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M ethods

We performed a series of cross-sectional analysgs@nducted a retrospective cohort study
using discharge data from 2006 to 2014 from theddatde Emergency Department Sample
(NEDS) and the National (Nationwide) Inpatient S&T(NIS), Healthcare Cost and Utilization
Project (HCUP), Agency for Healthcare Research@uallity®*° NEDS is the largest all-payer
ED database in the US and provides nationally-ssrative data from approximately 145
million ED visits each yedrNIS is a large, publicly available all-payer inieat US healthcare
database, which contain data from approximatelyllfom hospital stays per year and provides
national estimates of inpatient utilization andammes’ This study was approved by the Mass
General Brigham Institutional Review Board anddhé are protected by a data use agreement.
Definitions

We defined adults as patient$8 years of age at the time of the ED visit or htasipation and
older adults as patients who wei@5 years of age at the time of the ED visit or tadipation.

We used the following definitions for older adulfeasubgroups: early-old (65-74 years), middle-
old (75-84 years), late-ol&85 years).* We used the followintnternational Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic codes to determine
cases.

Acute allergic reactions

We used the first-listed discharge diagnostic doddetermine cases for acute allergic reactions
using ICD-9-CM codes for drug allergy, venom allergnd other allergy (sekable E1 in the
Online Repository). Drug allergy was defined by KOECM codes 693.0, 995.2, 995.1, 9954,

14 venom allergy was defined by first-listed ICD-9-Gldde 989.5 Food allergy was defined



115 by 693.1, 995.60-78 °Other allergy was defined by 995.0, 995.3, 708999.4, 999.41,

116  999.42, 999.49’

117  Anaphylaxis

118 We defined anaphylaxis-related visits using twohods (sed able E2 andFigure E1 in the

119 Online Repository$: ** For the first method, we used the following ICOE®4 diagnostic codes:
120 995.60-995.69, 995.0 listed in any of the repodisgharge diagnoses. For the second method,
121 we used a previously validated algorithm for idicdtion of anaphylaxis cases based on ICD-9-
122  CM diagnostic codes and external cause-of-injudesaE-codes) We excluded cases with the
123 following E-codes: E905.0, E905.1, E905.6. We usHo-9-CM codes to categorize

124 anaphylaxis cases according to trigger (drug, verioad) based on previously described

125 methods** **drug (693.0, 995.2, 995.4, E930-E930.9, E931-E®31venom (989.5, E905.3,
126 E905.5), and food (995.60-69, 995.70). Anaphyla®lated visits that were not included in the
127 above categories were classified as other, inctudisits with multiple trigger types.

128 Covariates

129 Covariates included year of discharge, patient sgpe, race/ethnicity (only available in NIS),
130 primary health insurance, quartile of median hookemcome based on ZIP code of residence,
131 season of discharge, hospital region, urban/rurélteaching status of hospital, and weekend
132 presentation. Administration of epinephrine in B2 was determined by current procedural
133 terminology (CPT) code J0170 (2006-2010) and J§2©11-2014). Presence of any chronic
134 conditions was identified using the Chronic Comaitindicator (maintained by HCUP), which
135 identifies chronic conditions likely present prioradmissiort® The Elixhauser comorbidity

136 index was also used to capture the comorbidity dmuechd specific comorbidities were included

137  (e.g. chronic pulmonary disease) in Nfs*
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Outcomes

The outcomes included hospitalization (NEDS ordgxdiac arrest, intubation, and death, which
were proxies used for severe anaphylaxis. Hogmatabn was defined using NEDS disposition
variable. Cardiac arrest was defined using ICD-9-&de 427.5% Endotracheal intubation was
defined using procedural code of invasive mech&nmatilation (96.7) and endotracheal
intubation (96.04%° Death was determined using disposition varialsid$EDS or NIS dataset,
which only includes death in the hospital (eith& & inpatient).

Statistical analysis

NEDS and NIS do not include patient-level ident8igherefore, the unit of analysis was ED
visit or hospitalization rather than patient. Ta@aunt for the complex sampling design, yearly
trend (for 2006 to 2011) or discharge (for 2012®@344) weights provided by HCUP were used
to provide estimates for the entire US populafibf Analyses were conducted using Stata IC
15.1 (StataCorp, College Station, TX). We presegighted frequencies, means (for continuous
variables), percentages (for categorical variablsl 95% confidence intervals. Incidence per
100,000 population were calculated using age-sippguifpulation estimates from the US Census
Bureau. We used ordinary least squares regressiast for linear trends over time. To
determine factors associated with severe anaplsylaxiltivariable logistic regression models
were constructed for demographic and clinical fasitors, accounting for the survey weighting
in all models. Separate models were fit using ceteptase analysis for each data source and

outcome.
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Results

Acute allergic reactions

Emergency Department Visits

In 2006-2014, the total number of ED visits for AAfat occurred among older adults was
1,019,967 (95%CI: 984,410-1,055,525). The numbé&ivisits for AAR among older adults
increased from 106,073 in 2006 to 127,493 visi®dh4 (P-trend<0.001). The rate of ED visits
for AAR for older adults did not increase over ti@85 visits per 100,000 population in 2006
and 276 visits per 100,000 population in 2014;dPd=0.28). ED visit rates for AAR among
early-old adults was slightly higher than the fatemiddle-old adults and late-old adults (e.g.,
2014: early-old, 294 visits per 100,000 populatimiddle-old, 272; and late-old, 205; see
Figure E2 in the Online Repository). The rate of ED visits AAR for early-old, middle-old,
and late-old subgroups did not significantly inceaver time (P-trends=0.28, 0.81, 0.09). The
rate of ED visits for drug-related AAR among ol@elults was much higher than the rate of ED
visits for venom-related and food-related AAR (g2f)14: drug, 95 visits per 100,000
population; venom, 57 visits per 100,000; and f@aaisits per 100,000). ED visit rates for drug-
related AAR slightly decreased over time, while m@nrelated and food-related ED visit rates
were stable over time (P-trends=0.02, 0.71, and, 0e&pectively, seeigure E3 in the Online
Repository).

Hospitalizations

In 2006-2014, the total number of hospitalizati@rsAAR that occurred among older adults
was 173,844 (95%ClI: 169,243-178,444). The numbhospitalizations for AAR among older
adults increased from 14,856 in 2006 to 19,55@i42(P-trend=0.001). The rate of

hospitalizations for AAR was stable from 2006 td 2@P-trend=0.16). The hospitalization rates
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for AAR among late-old adults were higher than tfaniddle-old and early-old adults (e.g.,
2014: late-old, 105 visits per 100,000; middle-a1d,per 100,000; early-old, 74 per 100,000; see
Figure E4 in the Online Repository). Hospitalization ratesdrug-related AAR among older
adults were much higher compared to venom-relatdédoal-related AAR (e.g., 2014: drug, 20
visits per 100,000; venom, 2 visits per 100,000gfdl visit per 100,000; séggure E5in the
Online Repository). Hospitalization rates for foedated AAR marginally decreased over time
while venom-related and drug-related AAR hospitdlan rates were stable over time (P-
trends=0.003, 0.10, and 0.55, respectively).

Anaphylaxis

Emergency Department Visits

From 2006-2014, the unweighted number of ED visitanaphylaxis among US older adults
was 20,989 visits, with survey weighting resultingn overall estimate of 93,795 (95%CI:
89,797-97,794) ED visits for anaphylaxis occurrdmgong US older adults during this time
period(Tablel). The majority of these ED visits for anaphylaxisepatients ages 65-74 years,
female, with public insurance, and visiting urbasitals Tablel). Approximately 2% of
anaphylaxis-related ED visits among older adults d@cumentation of epinephrine use, which
was less than that for younger adults ages 18-&r5\(@&%; sed@ able E3 in the Online
Repository). The majority of anaphylaxis-related #8its among older adults involved patients
with any chronic condition (87%), which was moreduent than that for younger adults (54%).
Drug-related triggers were more frequent amongradelts compared to younger adults (35%
vs 18%, respectively). Food-related triggers wess ffrequent among older adults compared to

younger adults (6% vs 19%, respectively). Amonguidits for anaphylaxis among older
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203 adults, 59% of these visits resulted in hospitélira 17% of these visits involved

204 intubation/ventilation, and 3% of these visits te=liin inpatient or ED deatfT &blel).

205 The number of ED visits for anaphylaxis among oktults increased more than 50%
206 from 7941 visits in 2006 to 13,127 visits in 20P4t(end<0.001). The rate of ED visits for

207 anaphylaxis also increased over time among oldgtsaftom 37 visits per 100,000 population
208 in 2006 to 51 visits per 100,000 in 2014 (P-tren@8Q). A similar trend was observed among
209 younger adults 18-64 years old (P-trend<0.@0durel). There was a slight increase in ED
210 visits over time in early-old and middle-old adulBstrends <0.001). Among older adults, the
211 ED visit rate for drug-related anaphylaxis werehleigthan for venom-related or food-related
212 causes across all years (e.g., 2014: drug, 1&sit 100,000; venom, 2 visits per 100,000; food,
213 2 visits per 100,000). Drug-related ED visit raamsl food-related ED visit rates for anaphylaxis
214 increased over time among older adults (P-tren@§40and <0.001, respectiveligurell).

215 Drug-related ED visit rates for anaphylaxis amoltgpadults were nearly double the rates for
216 all adults=18 years old across the study period (e.g., 20Q4isits per 100,000 population; 6
217 visits per 100,000, respectively), and food-reld€&dvisit rates for anaphylaxis among older
218 adults were about half the rates for all adeli8 years old (e.g., 2014: 2 visits per 100,000

219 population; 5 visits per 100,000 population, respety).

220 Hospitalizations

221 From 2006-2014, the unweighted number of hospéatbns for anaphylaxis among US older
222 adults was 14,990 visits, with survey weightinguiBsg in an overall estimate of 72,677

223  (95%CI: 70,450-74,904) hospitalizations for anapkid among older adults during this time
224  period(Tablel). The majority of these hospitalizations for anapliid were patients ages 65-74

225 years, female, white race, with public insurance] @siting large hospitals in urban areas
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(Tablel). The mean length of stay for these hospitalirstiwas 6.4 days. Around 90% of these
hospitalizations were from patients with 3 or moneonic conditions. Of the total
hospitalizations for anaphylaxis occurring betw2606-2014 among older adults, 28% of these
visits involved intubation/ventilation, 3% involveardiac arrest, and 5% of these visits resulted
in inpatient death.

Among older adults, the number of hospitalizatitoisanaphylaxis more than doubled
from 4,973 anaphylaxis-related hospitalization2006 to 10,680 hospitalizations in 2014 (P-
trend<0.001). The anaphylaxis-related hospitaliratate for older adults was more than double
the rate for younger adults across all years acidased from 13 visits per 100,000 population
in 2006 to 23 visits per 100,000 population in 20R4rend<0.001Figurelll). There was an
increase in the hospitalization rate for anaphglaxier time in early-old and late-old adults (P-
trends<0.001Figurelll). The hospitalization rates for drug-related ayégphs among older
adults were much higher compared to hospitalizates for venom-related or food-related
anaphylaxis (e.g., 2014: drug, 85 visits per 100 06pulation; food, 8 visits; venom, 4 visits,
respectivelyFigure V). Among older adults, drug-related anaphylaxigitagzations
significantly increased over time (P-trend<0.00d campared to hospitalizations for venom-
related or food-related (P-trends=0.46 and 0.CG&peetively).

Severe anaphylaxis

Demographic factors associated with hospitalizatzoproxy used for severe anaphylaxis, for
anaphylaxis-related ED visits included older agalensex, public insurance, lowest quatrtile of
median household income based on ZIP code of msgd@r visit at a metropolitan hospital,
compared to respective counterpaiitalfle I1). Clinical factors associated with hospitalization

for anaphylaxis-related ED visits included a dretgted or other trigger, no documentation of
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receiving epinephrine in the ED, or having a checarundition compared to the respective
counterparts.

Using NEDS data, demographic factors associatdd eaitdiac arrest/intubation included
male sex, public insurance, lower quartiles of mediousehold income based on ZIP code of
residence, or visit at a metropolitan hospital, pared to respective counterparts. Clinical
factors associated with cardiac arrest/intubatimtuded drug-related trigger, no documentation
of receiving epinephrine in the ED, or having acetic condition compared to the respective
counterparts.

Using NEDS data, demographic factors associatdu d@ath after anaphylaxis-related
ED visits included older age or visit at a metragaml teaching hospital, and clinical factors
associated with death after anaphylaxis-related/iSits included drug-related or other trigger or
having a chronic condition compared to respectounterparts.

Using NIS data, demographic factors associated ed@ttiac arrest/intubation included
male sex, Black race, lowest quartiles of mediamsktold income based on ZIP code of
residence, or visit at a metropolitan hospital, pared to respective counterpaislflel11).
Clinical factors associated with cardiac arrestifvattion include drug-related or other trigger, or
having a co-morbidities of alcohol abuse, diabdtgpertension, or obesity, compared to
respective counterparts. Demographic factors aatutivith death after anaphylaxis-related
hospitalization in the NIS cohort included oldeeayy other race, and clinical factors associated
with death after anaphylaxis-related hospitalizatiecluded drug-related or other trigger,
compared to respective counterparts. A sensitaiiglysis with patients only identified by
method | for anaphylaxis-related visits was perfednasing both NEDS and NIS data, which

showed similar results (S@able E4 andTable E5 in the Online Repository).
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Discussion

Little is known about national trends in healthecatilization for AAR (including anaphylaxis)
among older adults in the US. While the rate for\EgXs and hospitalizations for AAR

remained stable over the study period (2006-204d)pbserved a significant increase in the rate
of anaphylaxis-ED visits and hospitalizations ambt&jolder adults.

The observed increase may be secondary to an secheghe true prevalence of severe
anaphylaxis in the older adult population or atttdal to an increasing awareness of anaphylaxis
and allergic disorders among clinicians and pagidatior studies examining anaphylaxis-related
US trends have examined the general adult popuofétfdor primarily focused on the pediatric
population® 2 2°0f the recent studies including anaphylaxis trefodslder adults in the US,
there have been conflicting data with a reportedeiase in anaphylaxis-related hospitalization
rate in New York Stafeand a stable rate across the ¥$his variability may be due to use of
different case definitions of anaphylaxis; our studes previously validated algorithms for
anaphylaxig?**

While the older adult population had similar EDiwrates for anaphylaxis compared to
younger adults, we found that the older adult pagoh had higher anaphylaxis-related
hospitalization rates compared to younger aduteviBus studies have noted that older adults
may more likely be hospitalizéd ** or experience severe anaphylaxiS: *?Older adults may
have comorbid conditions, atypical clinical presgioins, receive delayed administration of
epinephrine, or experience adverse effects fromegbirine use, leading to severe
anaphylaxig:®

Among older adults, we also found higher ratesbisits and hospitalizations for

drug-related AAR and anaphylaxis compared to venelated or food-related events, which has
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been previously reportéd?® **Hospitalization rates for drug-related anaphyldaisolder adults
also increased over the time period. Drug-relasea fanaphylaxis has been previously reported
to have increased in the US from 1999 to 281Rurther studies will need to monitor this
growing risk, especially in the older adult popidat

Recent guideliné§ continue to recommend epinephrine as the firgtiharmacotherapy
for anaphylaxis. We report a very low percentagdamfumented ED epinephrine use which
could be secondary to decreased use of epineghrthés population, pre-hospital or self-
administered use of epinephrine, or lack of docuaten due to the clinical acuity of ED cases.
Previous studies have shown conflicting data raggraddministration of epinephrine in the older
adult population for anaphylaxis with reported gased use in a European registmyd
decreased use in a study examining US older apigtenting to ED for anaphylaxisThe
older adult population have been noted to be lkshylto fill a prescription for epinephrine
autoinjectors after ED visit or hospitalization fmaphylaxis® Adverse cardiac complications

'3 and >80 year old populatic,

after epinephrine use have also been noted inltlee adul
so further work may need to elucidate these factors

We found that the factors consistently associatiéld severe anaphylaxis outcomes
(hospitalization, cardiac arrest/intubation, andttigafter ED visit included drug-related triggers
or having a chronic condition. We observed thaeokbe and drug-related triggers were
consistently associated with death, after contrglfor multiple comorbidities. Both older &g
and drug-related trigger® *®have previously been noted to be a risk factofdta

anaphylaxis. Patients who are older may be expseulltiple drugs or have underlying

comorbidities (e.g. cardiovascular disease) thadigpose them to worse outcomes.
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Interestingly, low median household income was @ased with cardiac
arrest/intubation. This could be due to poor actessre or delayed presentation to the ED. We
also found that co-morbidities such as diabetegetignsion, and obesity were risk factors for
cardiac arrest/intubation, and these potentialfaskors merit further investigation in severe
anaphylaxis.

Limitations of this study include potential mis@dgation of AAR/anaphylaxis cases
and triggers. However, we used previously validaigdrithms* and also conducted sensitivity
analyses examining each ascertainment method &phgtexis and found similar trends. Coding
errors and variation in documentation or reporéing a limitation when using administrative
data; however, coding errors are likely random ssg no significant changes in coding over
the years and typically not subject to systematisds. Additionally, administration of
epinephrine is not well documented and may havaroed during the pre-hospital setting,
which may be subject to bias and misclassificatou: analyses were limited to factors reported
in the administrative data, so other social facferg. access to specialist), or clinical factors
(e.g. timing of anaphylaxis), could not be measufattiitionally, NIS restructured the sampling
strategy to be a sample of discharges in 2011 @ngkior years it was a sample of hospitals;
however, the new sampling strategy were thougptaduce more precise estimates. Moreover,
the study period ends in 2014, as diagnostic codiragmges from ICD-9-CM tmternational
Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) in 2015
complicated interpretation of temporal trends irren@cent years. Another limitation is a
violation of the independence assumption in theeggjon models used given that the unit of

analysis is at the visit-level rather than at theemt level, though the magnitude of this bias is
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likely small. Lastly, there may be potential regsiloconfounding in the associations or
unmeasured confounders.

The strengths of the study include the use ofgelanationally representative database to
understand trends and utilization of AAR, includartpphylaxis, which is an uncommon event.
Our study also focuses on older adults, a rapiddyvang vulnerable population, which have
been less studied in allergy and anaphylaxis reBe@ur results are generalizable to the US
older adult population, and there have not beemifstgnt practice changes to anaphylaxis
management guidelines affecting this populationes2014%°
Conclusion
Overall, in two nationally representative databasgsreport an increase in anaphylaxis-related
ED visits and hospitalizations, especially drugttetl, among US older adults during 2006-2014.
Older age and drug-related triggers were signifiéactors associated with fatal anaphylaxis.
Given the rapidly growing older adult populatiortire US and other industrialized nations,
these findings emphasize the importance of progidige-appropriate management and
treatment of anaphylaxis for older adults. As mim&a accumulate on older adults with
anaphylaxis, we anticipate the increasing needt@béish age-appropriate clinical guidelines for

anaphylaxis in this vulnerable population with wegexposures and comorbidities.
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Table E1.1CD-9-CM diagnostic codes used for acute allergiceactions

Acute Allergic Reactions

ICD-9-CM Code

Drug Allergy

693.0

Dermatitis due to drug

995.2

Unspecified adverse effect due to unspeciied

995.1

Angioneurotic edema

995.4

Shock due to Anesthesia

Venom Allergy

989.5

Toxic effect of venom

Food Allergy

693.1

Dermatitis due to food

995.60

Anaphylactic shock due to unspecified food

995.61

Anaphylactic shock due to peanuts

995.62

Anaphylactic shock due to crustaceans

995.63

Anaphylactic shock due to fruits & vegetable

995.64

Anaphylactic shock due to tree nuts & seeds

995.65

Anaphylactic shock due to fish

995.66

Anaphylactic shock due to food additives

995.67

Anaphylactic shock due to milk products

995.68

Anaphylactic shock due to eggs

995.69

Anaphylactic shock due to other specifiamtifo

995.70

Adverse food reaction, not classified elsawh

Other Allergy

995.0

Other anaphylactic shock

995.3

Allergy, unspecified

708.0

Allergic urticaria

999.4

Anaphylactic reaction to serum

999.41

Anaphylactic reaction due to administrattbblood and blood products

999.42

Anaphylactic reaction due to vaccination

999.49

Anaphylactic reaction due to other serum




Table E2. ICD-9-CM diagnostic codes and algorithm sed for anaphylaxis

Anaphylaxis Method | 995.60| Anaphylactic shock due to unspecified food

995.61| Anaphylactic shock due to peanuts

995.62| Anaphylactic shock due to crustaceans

995.63| Anaphylactic shock due to fruits & vegetable

995.64| Anaphylactic shock due to tree nuts & seeds

995.65| Anaphylactic shock due to fish

995.66| Anaphylactic shock due to food additives

995.67| Anaphylactic shock due to milk products

995.68| Anaphylactic shock due to eggs

995.69| Anaphylactic shock due to other specifientifo

995.0| Other anaphylactic shock

Anaphylaxis Method I1**

Symptoms
Conjunctival edema (372.73), Edema of eyelid (32%.Bdema of larynx (478.6), Edema of pharynx or
nasopharynx (478.25), Flushing (782.62), Urticériad), Allergic urticaria (708.0), Idiopathic uréica
Skin-mucosal tissue (708.1), Urticaria due to cold and heat (708.2);ratographic urticaria (708.3), Vibratory urtica(#8.4),
involvement Cholinergic urticaria (708.5), Other specified catia (708.8), Urticaria, unspecified (708.9), Rus and

related conditions (698), Pruritus of genital orgé98.1), Other specified pruritic conditions (698
Unspecified pruritic disorder (698.9)

Acute respiratory failure (518.81), acute respinattistress (518.82), dyspnea/respiratory dist{é86,

Respiratory compromise 786.00-786.09), stridor (786.1), extrinsic asthA®8(0) or unspecified asthma (493.9)

Reduced blood pressure | Hypotension (458, 458.0, 458.2, 458.8, 458.9) yacepe/collapse (780.2)

Gastrointestinal symptoms Allergic gastroenteritis/colitis (558.3), nauseanhring (787.0), nausea with vomiting (787.01), vang
alone (787.03), or abdominal pain (789.0).

Algorithm Skin-mucosal tissue involvement was foumadonjunction with shock caused by anesthesia.®9

Respiratory compromise was found in conjunctiorhwihock caused by anesthesia (995.4) or angiotieuro
edema (995.1)

Reduced blood pressure was found in conjunctioh skin-mucosal involvement, angioneurotic edema
(995.1), the toxic effect of venom (989.5), or aoée indicating the cause of poisoning was a vemnsmo
animal/plant (E905, E905.3, E905.5, E905.8, E905.9)




Reduced blood pressure and gastrointestinal syngptegne found in conjunction with an unspecified &ade
effect caused by the correct administration ofugdmedicinal, and biologic substance (995.2) or an
unspecified allergic reaction (995.3)

Reduced blood pressure and skin-mucosal tissudviewent were found in conjunction with an unspecifi
adverse effect caused by the correct administrati@ndrug, medicinal, and biologic substance (8p&r an
unspecified allergic reaction (995.3)

Respiratory compromise and reduced blood pressere fsund in conjunction with an unspecified adeers
effect caused by the correct administration ofugdmedicinal, and biologic substance (995.2) or an
unspecified allergic reaction (995.3)

Respiratory compromise and gastrointestinal symptaere found in conjunction with an unspecifiedeade
effect caused by the correct administration ofugdmedicinal, and biologic substance (995.2); rspacified
allergic reaction (995.3); skin-mucosal involvemehe toxic effect of venom (989.5); or an Ecoddid¢ating
the cause of poisoning was a venomous animal/pEgQ5, E905.3, E905.5, E905.8, E905.9)

Respiratory compromise and skin-mucosal tissueltavoent were found in conjunction with an unspedifi
adverse effect caused by the correct administrati@andrug, medicinal, and biologic substance (29%n
unspecified allergic reaction (995.3); the toxifeef of venom (989.5); or an Ecode indicating thase of
poisoning was a venomous animal/plant (E905, EQ@R85.5, E905.8, E905.9)

Gastrointestinal symptoms and skin-mucosal tissuelvement were found in conjunction with an unsfped
adverse effect caused by the correct administrati@endrug, medicinal, and biologic substance (89&n
unspecified allergic reaction (995.3); the toxifeef of venom (989.5); or an Ecode indicating thase of
poisoning was a venomous animal/plant (E905, EQ@ER85.5, E905.8, E905.9)




Table E3. Characteristics of anaphylaxis-related EDvisits among younger adults (18-64 years) and oldadults (=65 years) in
the US, 2006-2014 National Emergency Department Saie

Adults (18-64 years) Older Adults £65 years)
Unweighted Weighted Frequency Unweighted Weighted Frequency
Frequency Frequency
Characteristics Frequency % 95% ClI Frequency % 95% CI
Overall number 81,169 365,509 100 20,989 93,795 0 10
Sex
Male 32,676 147,311 40 40-41 8,200 36,801 39 4(B9-
Female 48,479 218,130 60 59-60 12,786 56,973 61 60-61
Missing 14 <10
Epinephrine Use 5,354 24,100 7 6-7 418 1,933 P 2138-
Number of ED procedures
0 74,311 333,408 91 90-92 19,757 88,143 M 93-95
1 2,668 12,224 2 3-4 493 2,203 2 2-3
2 or more 4,190 19,878 5 4-6 739 3,415 4 3-4
Any chronic condition 43,933 196,606 54 53-55 18,19 81,230 87 86-87
Type of Trigger
Drug 14,968 67,158 18 18-19 7,428 33,013 35 34-36
Venom 5,647 25,142 7 6-7 1,267 5,711 6 5.7-6.5
Food 14,900 68,103 19 18-19 1,304 5,920 i 6.0-6.7
Other/multiple 45,654 205,107 56 56-57 10,990 189, 52 52-53

Abbreviations: US, United States; Cl, confidendetlival; ED, emergency department.



Table E4. Clinical risk factors for severe anaphylais (hospitalization, cardiac arrest/intubation, ordeath) among US older
adults — Method | only, 2006-2014 National EmergencDepartment Sample

Hospitalization Cardiac arrest/Intubation Death

Risk Factors OR 95% ClI OR 95% CI OR 95% ClI
Year 0.92 0.89-0.94 0.99 0.96-1.02 1.03 0.97-1.09
Age

65-74 years 1.00 (referent) 1.00 (referent) Tréferent)

75-84 years 1.43 1.27-1.62 1.34 1.16-1.55 1.29 -0.96

=85 years 2.12 1.72-2.62 1.46 1.18-1.80 2.81 1.97-4.01
Sex

Male 1.00 (referent) 1.00 (referent) 1.00 (refigre

Female 0.83 0.75-0.93 0.83 0.72-0.96 0.98 0.74-131
Primary Health Insurance

Private 1.00 (referent) 1.00 (referent 1.004rent)

Public 1.37 1.15-1.62 1.27 0.99-1.63 1.22 0.65-2.27

Self-pay 1.39 0.74-2.64 1.32 0.58-3.03 Not calculated

Other 1.13 0.61-2.10 1.10 0.41-2.94 1.77 0.36-8.61
Median household income quartile

1 (lowest) 1.38 1.14-1.66 1.59 1.28-1.98 1.18 .80

2 1.18 0.99-1.40 1.40 1.14-1.72 1.38 0.94-2.02

3 1.16 0.98-1.37 1.24 1.00-1.52 1.17 0.78-1.75

4 (highest) 1.00 (referent 1.00 (referent 1(1@ederent)
Season of Discharge

First quarter (Jan - Mar) 1.00 (referent) 1.00d(rent) 1.00 (referent)

Second quarter (Apr - Jun) 1.00 0.86-1.17 0.83 0.68 0.77 0.52-1.15

Third quarter (Jul - Sep) 0.93 0.80-1.07 0.80 e[S 0.86 0.59-1.27

Fourth quarter (Oct - Dec) 1.06 0.90-1.25 0.99 a.8n 0.96 0.66-1.41
Hospital Region

Northeast 1.00 (referent 1.00 (referent 1.@fefrent)

Midwest 0.61 0.49-0.77 0.77 0.61-0.97 0.55 0.35-0.8

South 0.52 0.41-0.64 0.85 0.69-1.05 0.56 0.38-0.84

West 0.64 0.51-0.81 1.06 0.84-1.35 0.67 0.42-1.08
Hospital Status

Non-Metropolitan 1.00 (referent 1.00 (referent 1.00 (referent)

Metropolitan, Non-teaching 1.77 1.48-2.12 1.68 12318 1.79 0.98-3.28

Metropolitan Teaching 1.98 1.65-2.37 2.15 1.68-2.7p 2.42 1.34-4.40
Weekend presentation




No 1.00 (referent) 1.00 (referent 1.00 (refe)
Yes 0.94 0.83-1.07 0.96 0.80-1.14 1.02 0.72-1.43
Type of Trigger
Food 1.00 (referent) 1.00 (referent 1.00 fefi®)
Drug 3.75 3.10-4.54 2.39 1.80-3.18 5.60 2.47-12.770
Venom 0.52 0.29-0.94 1.60 0.70-3.65 Not calculated
Other 1.95 1.68-2.28 2.09 1.62-2.69 5.23 2.37-11.54
Epinephrine use in ED
Yes 1.00 (referent) 1.00 (referent 1.00 (rexfier
No 11.59 7.12-18.88 5.21 2.08-13.10 2.07 0.50-8.68
Any chronic condition
No 1.00 (referent) 1.00 (referent) 1.00 (refigre
Yes 15.77 12.70-19.58 19.96 10.69-37.26 17.96 4.13378/1

Note: Number of chronic conditions had to be cakgdue to unstable estimates for the 2 or mongpgro
Survey weights were used to construct this modelvéighted n = 8,273 (due to missing data); weigimted37,092.



Table E5. Clinical risk factors for severe anaphylais (cardiac arrest/intubation or death) among US ler adults — Method |
only, 2006-2014 National Inpatient Sample

Cardiac arrest/Intubation Death

Risk Factors OR 95% CI OR 95% ClI
Year 1.00 0.97-1.02 0.98 0.93-1.04
Age

65-74 years 1.00 (referent) 1.00 (referent)

75-84 years 1.12 0.96-1.30 1.30 0.95-1.77

=85 years 0.89 0.70-1.12 2.13 1.47-3.09
Sex

Male 1.00 (referent) 1.00 (referent)

Female 0.90 0.79-1.03 0.93 0.71-1.22
Race/Ethnicity

White 1.00 (referent) 1.00 (referent)

Black 1.50 1.17-1.92 1.21 0.76-1.95

Hispanic 1.11 0.84-1.45 0.86 0.49-1.52

Asian 1.03 0.70-1.51 0.96 0.45-2.06

Other 1.24 0.84-1.82 2.01 1.09-3.71
Primary Health Insurance

Private 1.00 (referent) 1.00 (referent)

Public 0.86 0.68-1.07 1.40 0.80-2.45

Self-pay 0.78 0.32-1.89 1.78 0.29-10.92

Other 1.30 0.61-2.79 3.11 0.97-9.97
Median household income quartile

1 (lowest) 1.13 0.92-1.39 1.07 0.71-1.61

2 1.04 0.85-1.26 1.05 0.71-1.55

3 0.98 0.81-1.18 1.02 0.70-1.51

4 (highest) 1.00 (referent) 1.00 (referent)
Season of Discharge

First quarter (Jan - Mar) 1.00 (referent) 1.00e(rent)

Second quarter (Apr - Jun) 1.10 0.91-1.33 1.16 Q.79

Third quarter (Jul - Sep) 0.97 0.80-1.16 0.89 L6tk

Fourth quarter (Oct - Dec) 1.00 0.83-1.21 1.10 am
Hospital Region

Northeast 1.00 (referent) 1.00 (referent)




Midwest 1.03 0.84-1.28 0.76 0.49-1.19

South 0.98 0.82-1.18 0.93 0.64-1.36

West 1.14 0.93-1.40 1.08 0.72-1.63
Hospital Status

Non-Metropolitan 1.00 (referent 1.00 (referent]

Metropolitan, Non-teaching 1.10 0.87-1.41 1.03 01530

Metropolitan Teaching 1.40 1.10-1.78 1.05 0.61-1.82
Weekend presentation

No 1.00 (referent) 1.00 (referent)

Yes 0.99 0.83-1.17 1.17 0.83-1.65
Type of Trigger

Food 1.00 (referent) 1.00 (referent)

Drug 0.90 0.69-1.19 1.56 0.69-3.50

Venom 151 0.35-6.45 Not cal culated

Other 1.15 0.90-1.47 2.88 1.38-6.05
Elixhauser Index Score 1.06 1.05-1.07 1.08 1.06-1.10
Any chronic condition

No 1.00 (referent) 1.00 (referent)

Yes 1.17 1.03-1.32 1.11 0.85-1.45
Comorbidities* (referent: no for each condition)

Alcohol 2.64 1.65-4.22 1.81 0.78-4.24

Congestive Heart Failure 0.81 0.66-0.99 0.73 5040..06

Chronic Pulmonary Disease 1.21 1.05-1.40 0.91 .68-0.22

Diabetes 1.11 0.95-1.29 1.15 0.84-1.56

Hypertension 1.03 0.88-1.19 0.84 0.63-1.11

Liver Disease 0.45 0.24-0.86 0.79 0.28-2.21

Obesity 1.58 1.26-1.97 1.57 1.01-2.46

Oncologic 0.62 0.49-0.78 0.64 0.42-0.98

Renal Failure 0.76 0.63-0.93 0.92 0.64-1.32

Rheumatoid arthritis/collagen vascular diseases 0.94 0.67-1.32 1.36 0.74-2.50




Tablel. Characteristics of Emergency Department visits and hospitalizations for anaphylaxis among US older adults (age >65
years), 2006-2014 National Emer gency Department Sample and National | npatient Sample

ED Visits Hospitalizations
Unweighted Weighted Frequency Unweighted Weighted Frequency
Frequency Frequency
Characteristics Frequency % (95% CI) Freque % (95% CI)
ncy
Overall number 20989 93795 100 14990 72677 100
Age
65-74 years 11504 51385 55 54-56 7509 36387 50 49-51
75-84 years 6784 30282 32 32-33 5105 24636 34 33-35
>85 years 2701 12095 13 12-13 2376 11530 16 15-17
Sex
Male 8200 36801 39 39-40 5988 29025 40 39-41
Female 12786 56973 61 60-61 9001 43570 60 59-61
Missing <10 <10
Race/Ethnicity
White N/A 9661 46916 73 72-74
Black N/A 1949 9387 15 14-15
Hispanic N/A 861 4185 7 6-7
Asian N/A 356 1724 3 2-3
Other N/A 391 1890 3 3-3
Missing 1772
Primary Health Insurance
Public 18515 24608 88 87-89 13398 64834 89 89-90
Private 2083 25118 10 9-11 1332 6566 9 9-10
Self-pay 173 22070 0.9 0.7-1 86 423 0.6 0.4-0.8
Other 199 20029 1.0 0.8-1 156 769 1 0.9-1.3
Missing 19 18
Median household income quartile
1 (lowest) 5577 24608 27 26-28 4105 19821 28 27-29
2 5575 25118 27 26-28 3739 18183 26 25-26
3 4916 22070 24 23-25 3499 16923 24 23-25
4 (highest) 4480 20029 22 20-23 3342 16266 23 22-24
Missing 441 305
Season of Discharge
First quarter (Jan - Mar) 4836 21632 23 22-24 3601 17448 24 23-25
Second quarter (Apr - Jun) 5161 23100 25 24-25 3818 18528 26 25-26




Third quarter (Jul - Sep) 5903 26398 28 28-29 3761 18251 25 24-26
Fourth quarter (Oct - Dec) 5086 22654 24 24-25 3804 18421 25 25-26
Missing <10 <10

Hospital Region
Northeast 3364 1565 17 15-18 2720 13375 18 17-20
Midwest 4492 2229 24 22-26 3790 18382 25 24-27
South 9707 4035 43 41-45 5706 27471 38 36-39
West 3426 1551 17 15-18 2774 13448 19 17-20

Hospital Designation
Rural 3577 16985 18 17-19 1820 8775 12 11-13
Urban 17412 76810 82 81-83 13091 63536 88 87-89
Missing 79

Hospita Status
Metropolitan, Non-teaching 9333 39070 42 40-44 5869 28284 39 38-41
Metropolitan Teaching 8079 37740 40 38-43 7222 35252 49 47-50
Non-Metropolitan 3577 16985 18 17-19 1820 8775 12 11-13
Missing 79

Hospital Bedsize
Small N/A 2144 10019 14 13-15
Medium N/A 3804 18605 26 25-27
Large N/A 8963 43686 60 59-62
Missing 79

Medication Use
Diphenhydramine 1306 5802 6 6-7 N/A
M ethylpredni solone 1352 5998 6 6-7 N/A
Epinephrine Use 418 1933 2 1.8-2.3 N/A

Length of Stay (Inpatient), mean N/A 14988 6.4 6.3-6.6

days
Missing <10

Number of ED procedures
0 19757 88143 94 93-95 N/A
1 493 2203 2 2-3 N/A
2 or more 739 3415 4 3-4 N/A

Number of chronic conditions
0 2795 12544 13 13-14 134 729 1.0 0.8-1.2
1-2 4410 19701 21 20-22 1364 6628 9 9-10
3 or more 13784 61550 66 65-67 13492 65321 90 89-90
Any chronic condition 18194 81230 87 86-87




Comorbidities

Alcohol N/A 407 1977 3 2-3
Congestive Heart Failure N/A 2353 11347 16 15-16
Chronic Pulmonary Disease N/A 4423 21416 29 29-30
Diabetes N/A 3950 19085 26 26-27
Hypertension N/A 10655 51565 71 70-72
Liver Disease N/A 282 1372 1.9 1.7-2.1
Obesity N/A 1700 8263 11 11-12
Oncologic N/A 1271 6145 8 8-9
Renal Failure N/A 2754 13333 18 18-19
Rheumatoid arthritis/ collagen
vascular diseases N/A 517 2518 3 3-4
Elixhauser Comorbidity Index, N/A 14990 8.1 7.9-8.3
mean
Severe Anaphylaxis 12494 55965 60 59-61 4409 21370 29 29-30
Hospitaization 12446 55761 59 58-61 N/A
Cardiac arrest 380 1724 1.8 1.6-2.1 443 2150 3 2.7-3.3
Intubation/Ventilation 3592 15974 17 16-18 4130 20026 28 27-28
Death 525 2420 3 2-3 689 3306 5 4-5
Type of Trigger
Drug 7428 33013 35 34-36 5,537 26,821 37 36-38
Venom 1267 5711 6 5.7-6.5 258 1,272 1.8 15-2.0
Food 1304 5920 6 6.0-6.7 595 2,956 4.1 4.1-4.4
Other/multiple 10990 49152 52 52-53 8,600 41,628 57 56-58




Tablell. Clinical risk factorsfor severe anaphylaxis (hospitalization, cardiac arrest/intubation, or death) among US older
adults, 2006-2014 National Emer gency Department Sample

Hospitalization Cardiac arrest/Intubation Death

Risk Factors OR 95% CI OR 95% CI OR 95% CI
Y ear 0.95 0.93-0.97 1.03 1.01-1.05 0.99 0.95-1.03
Age

65-74 years 1.00 (referent) 1.00 (referent) 1.00 (referent)

75-84 years 1.43 1.33-1.54 1.08 0.99-1.19 1.55 1.27-1.91

=85 years 219 1.96-2.45 0.98 0.86-1.11 2.96 2.34-3.75
Sex

Mae 1.00 (referent) 1.00 (referent) 1.00 (referent)

Female 0.83 0.78-0.89 0.80 0.74-0.88 0.92 0.77-1.11
Primary Health Insurance

Private 1.00 (referent) 1.00 (referent) 1.00 (referent)

Public 1.31 1.16-1.48 1.23 1.04-1.45 1.12 0.74-1.70

Self-pay 1.18 0.79-1.78 1.10 0.64-1.88 0.77 0.17-3.54

Other 0.94 0.63-1.40 1.11 0.67-1.83 0.78 0.22-2.70
Median household income quartile

1 (lowest) 1.23 1.09-1.39 1.55 1.35-1.78 1.35 1.00-1.81

2 1.09 0.97-1.22 1.27 1.11-1.46 1.28 0.97-1.70

3 0.98 0.87-1.10 1.11 0.96-1.27 1.04 0.77-1.40

4 (highest) 1.00 (referent) 1.00 (referent) 1.00 (referent)
Season of Discharge

First quarter (Jan - Mar) 1.00 (referent) 1.00 (referent) 1.00 (referent)

Second quarter (Apr - Jun) 0.95 0.86-1.05 0.92 0.81-1.03 0.88 0.68-1.13

Third quarter (Jul - Sep) 0.95 0.86-1.04 0.84 0.75-0.95 0.94 0.73-1.22

Fourth quarter (Oct - Dec) 1.01 0.91-1.11 0.97 0.86-1.08 0.90 0.70-1.16
Hospital Region

Northeast 1.00 (referent) 1.00 (referent) 1.00 (referent)

Midwest 0.67 0.58-0.79 0.75 0.64-0.89 0.59 0.43-0.80

South 0.54 0.47-0.63 0.85 0.73-0.99 0.64 0.48-0.86

West 0.76 0.64-0.89 0.97 0.83-1.15 0.75 0.54-1.05
Hospital Status

Non-Metropolitan 1.00 (referent) 1.00 (referent) 1.00 (referent)

Metropolitan, Non-teaching 1.77 1.57-1.99 1.91 1.61-2.26 1.34 0.83-2.16

Metropolitan Teaching 1.98 1.75-2.24 2.50 2.11-2.97 1.64 1.03-2.61
Weekend presentation

No 1.00 (referent) 1.00 (referent) 1.00 (referent)




Yes 0.92 0.85-0.99 0.96 0.88-1.05 0.85 0.68-1.06

Type of Trigger

Food 1.00 (referent) 1.00 (referent) 1.00 (referent)

Drug 2.75 2.35-3.21 5.21 4.11-6.60 5.64 2.60-12.25

Venom 0.47 0.38-0.59 0.29 0.19-0.46 0.23 0.03-1.86

Other 1.48 1.28-1.71 1.04 0.82-1.31 3.66 1.68-7.97
Epinephrine usein ED

Yes 1.00 (referent) 1.00 (referent) 1.00 (referent)

No 9.89 6.48-15.09 9.62 3.76-24.62 2.24 0.54-9.27
Any chronic condition

No 1.00 (referent) 1.00 (referent) 1.00 (referent)

Yes 15.61 13.37-18.21 21.57 13.72-33.91 14.68 5.29-40.72

Note: Number of chronic conditions had to be collapsed due to unstable estimates for the 2 or more group
Survey weights were used to construct this model. Unweighted n = 20,989; weighted n = 93,795.




Tablelll. Clinical risk factorsfor severe anaphylaxis (cardiac arrest/intubation or death) among US older adults, 2006-2014

National Inpatient Sample

Cardiac arrest/Intubation Death
Risk Factors OR 95% CI OR 95% CI
Y ear 1.02 1.00, 1.04 0.97 0.93,1.01
Age
65-74 years 1.00 (referent) 1.00 (referent)
75-84 years 1.04 0.94, 1.15 1.39 113,171
>85 years 0.77 0.68, 0.89 2.21 1.75,2.78
Sex
Male 1.00 (referent) 1.00 (referent)
Female 0.89 0.81, 0.97 1.00 0.84,1.20
Race/Ethnicity
White 1.00 (referent) 1.00 (referent)
Black 1.92 1.71,2.16 1.12 0.86, 1.46
Hispanic 1.17 0.98, 1.39 1.09 0.77, 1.54
Asian 1.20 0.92, 1.58 1.05 0.62, 1.76
Other 1.28 1.00, 1.64 1.59 1.05, 241
Primary Health Insurance
Private 1.00 (referent) 1.00 (referent)
Public 0.95 0.81, 1.10 1.02 0.74, 1.42
Self-pay 0.80 0.48, 1.31 1.33 0.41, 4.27
Other 0.74 0.47,1.16 1.32 0.59, 2.96
Median household income quartile
1 (lowest) 1.27 1.11,1.45 0.93 0.72,1.20
2 1.12 0.98, 1.28 0.95 0.74,1.21
3 111 0.97, 1.26 0.98 0.77, 1.26
4 (highest) 1.00 (referent) 1.00 (referent)
Season of Discharge
First quarter (Jan - Mar) 1.00 (referent) 1.00 (referent)
Second quarter (Apr - Jun) 1.08 0.96, 1.22 0.96 0.75, 1.22
Third quarter (Jul - Sep) 0.95 0.84, 1.07 0.90 0.71,1.14
Fourth quarter (Oct - Dec) 1.05 0.93,1.18 1.02 0.80, 1.30




Hospital Region

Northeast 1.00 (referent) 1.00 (referent)
Midwest 0.84 0.73, 0.97 0.61 0.46, 0.82
South 0.92 0.81, 1.04 0.89 0.70, 1.14
West 1.06 0.92,1.21 0.92 0.70, 1.21
Hospital Status
Non-Metropolitan 1.00 (referent) 1.00 (referent)
Metropolitan, Non-teaching 1.50 1.27,1.78 1.32 0.89, 1.96
Metropolitan Teaching 1.80 1.52,2.13 1.44 0.98, 2.13
\Weekend presentation
No 1.00 (referent) 1.00 (referent)
Yes 1.02 0.93,1.13 1.07 0.87,1.30
Type of Trigger
Food 1.00 (referent) 1.00 (referent)
Drug 2.75 2.19, 3.46 2.78 1.33,5.78
Venom 0.50 0.31,0.81 0.74 0.16, 3.55
Other 0.67 0.53, 0.84 2.11 1.02, 4.39
Elixhauser Index Score 1.04 1.04, 1.05 1.07 1.06, 1.08
Any chronic condition
No 1.00 (referent) 1.00 (referent)
Yes 1.05 0.97,1.14 1.18 0.97,1.43
Comorbidities* (referent: no for each condition)
Alcohal 2.08 1.62, 2.67 1.29 0.79, 2.12
Congestive Heart Failure 1.05 0.92,1.19 0.92 0.74, 1.15
Chronic Pulmonary Disease 1.06 0.96, 1.17 0.86 0.72,1.04
Diabetes 1.16 1.05,1.28 1.19 0.98, 1.44
Hypertension 1.45 1.30, 1.62 0.84 0.70, 1.01
Liver Disease 0.60 0.43, 0.82 1.08 0.65, 1.81
Obesity 1.69 1.49,1.93 1.31 0.97, 1.77
Oncologic 0.88 0.74,1.04 0.98 0.74,1.30
Renal Failure 0.72 0.64, 0.80 0.80 0.64, 1.00
Rheumatoid arthritis/collagen vascular diseases 0.81 0.64, 1.03 0.91 0.56, 1.46

Survey weights were used to construct this model. Unweighted n =14,990; weighted n = 72,677.




Figure E1l. Flow diagram for acute allergic reactions and anaphylaxis-related ED visits and hospitalizationsin the U.S. from
2006-2014, National Emergency Department Sample (NEDS) and National I npatient Sample (NIS)

Acute Allergic Reactions

ICD-9-CM codes in first-listed discharge code fields in any of

the following categories (Table E1)

Anaphylaxis-related

Method |
Anaphylaxis-related ICD-9-CM codes

Unweighted n= 229,335 (NEDS); Unweighted n = 32,866 (NIS)

Drug-related
693.0,995.2,995.1,995.4
Unweighted n= 80,809 (NEDS);
Unweighted n = 17,308 (NIS)

Food-related
693.1, 995.60-70
Unweighted n= 8,078 (NEDS);
Unweighted n = 632 (NIS)

Venom-related
989.5
Unweighted n= 43,693 (NEDS);
Unweighted n = 1,271 (NIS)

Other
995.0, 995.3, 708.0, 999.4,
999.41, 999.42, 999.49
Unweighted n= 87,076 (NEDS);
Unweighted n = 3,633 (NIS)

in any of 10 discharge code fields
995.60-995.69, 995.0
Unweighted n= 8,636 (NEDS);
Unweighted n = 5,925 (NIS)

l

Method Il
Anaphylaxis-related symptoms with
listed trigger in any of 10 discharge
code fields and 3 E-codes (Table E2)

Unweighted n= 12,705 (NEDS);
Unweighted n = 9,361 (NIS)

l

Anaphylaxis-related visits or hospitalizations*
Unweighted n= 20,989 (NEDS); Unweighted n = 14,990 (NIS)

Drug-related
693.0, 995.2, 995.4, E930-

E930.9, E931-E931.9
Unweighted n= 7,428 (NEDS);
Unweighted n = 15,174 (NIS)

Venom-related
989.5, E905.3, E905.5
Unweighted n= 1,293 (NEDS); Unweighted n= 1,495 (NEDS);
Unweighted n = 527 (NIS)

Food-related
995.60-69, 995.70

Unweighted n = 595 (NIS)

*We also included an “other” category for anaphylaxis-related visits which included visits with multiple triggers or those visits that were not included in the above categories.




Figure E2. Rate of emergency department visitsfor acute allergic reactions per 100,000 population among all adults (>18
years) in the US, 2006-2014 National Emer gency Department Sample
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Figure E3. Rate of emergency department visitsfor acute allergic reactions per 100,000 population among older adults (>65
years) in the US, 2006-2014 National Emer gency Department Sample
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Figure E4. Rate of hospitalizations per 100,000 population for acute allergic reactions among all adults (>18 years) in the US,
2006-2014 National I npatient Sample
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Figure E5. Rate of hospitalizations per 100,000 population for acute allergic reactions among older adults (>65 years) in the
US, 2006-2014 National Inpatient Sample

30.0
25.0
= C
H o
< =
r< 20.0 Drug P-trend=0.55
Z5
On
l_
<&
S8
:(l s 15.0
=8
[y
of
Tao 10.0
5.0
. N = N ﬁAVenom P-trend=0.10
0.0 §F > s = > —X Food P-trend=0.003
2006 2007 2008 2009 2010 2011 2012 2013 2014

VISIT YEAR

==Drug —/r=\/enom == F00d



HOSPITALIZATION RATE
(POER 100,000 POPULATION)

35

30

25

20

*P-trend <0.001

P-trend = 0.003

“\mio.om

15
10 *P-trend <0.001
f = =
'_J/: =
5 3 =
0
2006 2007 2008 2009 2010 2011 2012 2013 2014

VISIT YEAR

—H=—18-64 years* ==A==065-74 years* ==>¢=75-84 years -—=—2>85 years*



ED VISIT RATE
(PER 100,000 POPULATION)

12

10

8 [

|

!

Drug P-trend = 0.001

Food P-trend < 0.001

W

Venom P-trend = 0.11

2006

2007

2008 2009 2010 2011 2012

VISIT YEAR

=&F=—Drug =—A=—\enom =>Food

2013

2014



HOSPITALIZATION RATE
(POER 100,000 POPULATION)

100

90

80

70

60

50

40

30

20

10

Drug P-trend <0.001

Food P-trend = 0.05

SN

R

N

A A
pmy ymy

A
gy

A
A =y

b3

—AVenom P-trend = 0.46

2006

2007

2008 2009

=== Drug

2010
VISIT YEAR

—te—\/enom

2011 2012

== Fo00d

2013

2014



ED VISIT RATE
(PER 100,000 POPULATION)

35

30

25

20

15

10

2006

*P-trend <0.001

P-trend = 0.02

2007 2008 2009 2010 2011 2012 2013 2014

VISIT YEAR

—==—18-64 years* —s—065-74 years* —>—75-84 years* —&—2>85 years



