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What is already known
about this subject

< Until recently, there were no
approved therapies for peanut
allergy.

e Although the economic burden of
food allergy is large, costs specific
to patients with peanut allergy
experiencing reactions to peanuts
remain to be evaluated.

ABSTRACT

BACKGROUND: The economic burden of food
allergy is large; however, costs specific to
individuals with peanut allergy experiencing
reactions to peanuts remain to be evaluated.
As the prevalence of peanut allergy continues
to increase in children, a better understanding
of the cost of care is warranted.

OBJECTIVE: To assess the cost of care of
peanut allergy among privately insured and
Medicaid-insured pediatric patients in the
United States.
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What this study adds

* In the United States, privately insured
and Medicaid-insured pediatric patients
with peanut allergy and evidence of
reactions triggering medical services
have significantly higher comorbidity
burdens (including depression and
asthma) and economic burdens,
regardless of asthma-related costs.

Until recently, allergen avoidance

was the only option to mitigate

allergic reactions following accidental
exposure to peanuts; therefore, a better
understanding of cost of care associated
with peanut allergen avoidance was
warranted.

METHODS: This retrospective matched-
cohort study included patients aged 4-17
years from the Optum Health Care Solutions
and Medicaid Claims databases (January 1,
2007-March 31, 2017). Patients were clas-
sified into 2 cohorts: peanut allergy (with
peanut allergy diagnosis codes and reactions
triggering health care resource utilization
[HRU]) and peanut allergy—free (no peanut
allergy diagnosis codes in claims). Peanut
allergy patients were matched 1:10 to pea-
nut allergy—free patients based on baseline
covariates. Comorbidities including anxiety
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and depression, HRU, and direct health care
costs were compared between cohorts and
reported for both perspectives separately.

RESULTS: Compared with peanut allergy—
free patients (n=30,840 privately insured;
n=12,450 Medicaid), peanut allergy

patients (n=3,084 privately insured; n=1,245
Medicaid) had higher prevalence of asthma,
atopic dermatitis/eczema, other food aller-
gies, allergic rhinitis, depression, and anxiety
(all P<0.01). Peanut allergy patients had
higher HRU per patient per year (PPPY),
including 90% more emergency department
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visits among both privately insured and Medicaid patients (P<0.01)
and higher direct health care costs PPPY, with incremental costs of
$2,247 total or $1,712 excluding asthma-related costs for privately
insured patients and $2,845 total or $1,844 excluding asthma-related
costs for Medicaid patients (all P<0.01).

CONCLUSIONS: Pediatric patients in the United States with pea-

nut allergy and reactions triggering HRU had significantly higher
comorbidity burdens, HRU, and direct health care costs, regardless of
asthma-related costs, versus those without peanut allergy.

The onset of peanut allergy occurs most often during
childhood, and unlike other food allergies, peanut allergy
typically persists into adulthood.! The childhood prevalence
of peanut allergy in the United States ranges from 1.2% to
2.2%%° and has been seen to increase over time.’

Approximately 12% of children with peanut allergy suf-
fer from recurrent, potentially life-threatening allergic
reactions annually,’ and peanut-induced anaphylaxis (i.e.,
life-threatening systemic hypersensitivity reaction) is
increasing in incidence.”® Accordingly, the rate of emer-
gency department (ED) visits for food-related anaphylaxis
has also been increasing,'*! albeit without a concomitant
increase in deaths.”

Despite the risk of severe peanut anaphylaxis,” there is
currently no established classification system for peanut
allergy severity.! Over the course of this study, on January
31, 2020, the U.S. Food and Drug Administration (FDA)
approved peanut (Arachis hypogaea) allergen powder-dnfp
(PTAH; previously known as AR101), the first oral immuno-
therapy indicated for the mitigation of allergic reactions,
including anaphylaxis, that may occur with accidental
exposure to peanuts, when used in conjunction with a
peanut-avoidant diet.* Therefore, until recently, patients
with peanut allergy had no other FDA-approved preventa-
tive options beyond allergen avoidance and treatment of an
allergic reaction due to accidental ingestion/exposure with
antihistamines, epinephrine autoinjector, and/or a visit
to the ED.'> Consequently, the stress of extreme dietary
vigilance and constant uncertainty may substantially
diminish quality of life and increase psychological distress
for patients with peanut allergy and their families.'0"”
Further adding to the disease burden are the comorbidities
frequently associated with food and/or peanut allergy,
including atopic dermatitis/eczema,”® other food allergies,?
allergic rhinitis,'”® mental health issues,'”?" and asthma, of
which acute exacerbations are a particularly important
problem in patients with concomitant peanut allergy.'$»23

Accordingly, the economic burden of food allergy is
large.?*?® The overall cost of childhood food allergy in
the United States was estimated at $24.8 billion annually
in 2011, with inpatient (IP), outpatient (OP), and ED visits
being the main cost drivers.?® One recent study by Shaker
et al. (2010) on peanut allergy in the United States showed
high health care resource utilization (HRU) in commercially
insured patients.”® However, the study did not assess the
long-term costs associated with peanut allergy beyond
1year from diagnosis. Additionally, it is evident that despite
the practice of peanut avoidance, accidental exposure is
common,* highlighting the current unmet treatment needs
in these young patients, who may also be insured through
other types of health plans, namely those enrolled in the
public Medicaid program.® Thus, a more comprehensive
understanding of the specific cost of care associated with
peanut allergy is warranted, particularly among pediatric
patients with evidence of reactions to peanuts for whom
allergen avoidance alone is not sufficient.

This retrospective, claims-based, matched-cohort study
assessed the economic burdens related to peanut allergy
among privately insured and Medicaid-insured pediatric
patients with evidence of reaction to peanuts in the United
States, taking into account the HRU and costs associ-
ated with comorbidities frequently associated with peanut
allergy such as asthma.®?22

Methods

DATA SOURCE

The Optum Health Care Solutions database (privately
insured patients) and Medicaid Claims Database (Medicaid
patients from Iowa, Kansas, Mississippi, Missouri, New
Jersey, and Wisconsin) from 2007 to 2017 were used (see
Additional Methods in the supplementary materials, avail-
able in online article).

STUDY DESIGN AND SAMPLE SELECTION

Aretrospective matched-cohort design using administrative
claims data was used. Patients aged 4-17 years were clas-
sified into 2 mutually exclusive cohorts: (a) peanut allergy
cohort and (b) peanut allergy-free cohort (Supplementary
Figures 1 and 2, available in online article). Patients in
the peanut allergy cohort were required to have peanut
allergy (i.e., medical service claims with an International
Classification of Diseases, Ninth/Tenth Revision, Clinical
Modification [ICD-9/10-CM] diagnosis of peanut allergy or
a diagnosis of anaphylactic reaction due to peanuts: 995.61,
V15.01, T78.01xx, or Z91.010) and evidence of reactions to
peanuts resulting in HRU via 2 criteria: (a) patients coded
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with a diagnosis of anaphylactic reaction due to peanuts or
(b) patients coded with a diagnosis of peanut allergy and
an indicator of allergic reactions during the same medi-
cal service. Indicators of allergic reactions included an
ED visit with a diagnosis of peanut allergy, a diagnosis of
anaphylactic reaction due to unspecified food with a diag-
nosis of peanut allergy, or a diagnosis related to symptoms
of reaction to peanuts with a diagnosis of peanut allergy
(Supplementary Table 1, available in online article). Patients
in the peanut allergy-free cohort were required to have no
coded diagnoses of peanut allergy or anaphylactic reaction
due to peanuts at any time during the study.

Patients in the peanut allergy cohort were matched 1:10
to patients in the peanut allergy-free cohort based on age,
sex, region/state of residence, type of health plan, race
(Medicaid patients), and calendar year of index date, all of
which were measured as of the index date.

For patients in the peanut allergy cohort, the index
date was the date with the first evidence of reaction to
peanuts resulting in medical service use or a prescription of
epinephrine autoinjector in pharmacy claims. For patients
in the peanut allergy-free cohort, the index date was set
to the same date of the matched patient from the peanut
allergy cohort. As a code-based claims study, all patients
were required to have continuous health plan coverage for
>12 months following the index date to ensure sufficient
data were available to allow a comprehensive understand-
ing of the annual economic burden in this population. The
duration of the study period varied by patient and spanned
from the index date until the end of data or end of continu-
ous health plan coverage, whichever occurred first, in order
to use all available data.

STUDY OUTCOMES
Study outcomes measured during the study period included
comorbidities, HRU, and direct health care costs.

Comorbidities frequently associated with peanut allergy
in the literature were identified in medical claims with
a diagnosis of asthma,'®?2 atopic dermatitis/eczema,®
multiple food allergies (other than peanut allergy),® aller-
gic rhinitis,”® depression,”” or anxiety®?° and reported as
prevalence (see Additional Methods in the supplemen-
tary materials, available in online article). Quan-Charlson
Comorbidity Index (Quan-CCI) was reported for both
cohorts.

HRU was reported as annual incidence rates and included
IP admissions and days, ED visits, days with OP services,
and prescription fills for epinephrine autoinjector.

All-cause total direct health care costs were reported
per patient per year (PPPY) in 2017 USD from a payer’s
perspective (paid amounts) and included all-cause medical
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service costs (IP, ED, and OP costs) and pharmacy costs
(including costs for epinephrine autoinjector). Medical and
pharmacy costs associated with each of asthma, atopic der-
matitis/eczema, other food allergy, and mental health were
also measured (not mutually exclusive; Additional Methods
in the supplementary material). To further characterize the
source of pharmacy costs, the most frequently prescribed
drugs (excluding epinephrine) based on Generic Product
Identifier were identified for patients in the peanut allergy
cohort. Additionally, patient total out-of-pocket health care
expenses (i.e., deductible, coinsurance, and copay) were
reported for privately insured patients.

Considering the association between asthma and peanut
allergy and important HRU and costs associated with
asthma, a sensitivity analysis was performed to exclude
asthma-related HRU and costs from the annual incidence
rates and total all-cause health care costs, respectively.

STATISTICAL ANALYSIS
Patient characteristics were summarized using descriptive
statistics and presented separately for the peanut allergy
cohort and peanut allergy-free cohort after matching.
Standardized differences between the 2 cohorts of 2|0.2]
suggested imbalance.?*34

Comorbidities frequently associated with peanut allergy
were compared between the matched cohorts using
McNemar tests and Bonferroni correction to account for
multiple comparisons.

HRU events were compared by category between the
matched cohorts using generalized linear models with a
Poisson distribution, with P values and 95% CIs estimated
using a nonparametric bootstrap technique. Results were
reported as an incidence rate ratio (IRR).

Incremental direct health care costs associated with
peanut allergy were estimated by comparing costs incurred
by the matched cohorts using weighted 2-part models.
P values were estimated using a nonparametric bootstrap
technique.

Results

PATIENT CHARACTERISTICS

Among privately insured patients, 52.5% of those diagnosed
with peanut allergy had evidence of reactions to peanuts
resulting in HRU (Supplementary Figure 1, available in
online article). After sample selection, 6,971 patients in the
peanut allergy cohort were matched to 69,710 patients in
the peanut allergy-free cohort, of which 3,084 and 30,840
patients, respectively, were between the ages of 4 and 17.
Among patients aged 4-17 years, the mean age was 8.3 years,
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TABLE 1 Demographic and Clinical Characteristics Among Privately Insured and Medicaid Pediatric Patients

Privately Insured Medicaid
Peanut Allergy Peanut Allergy- Peanut Allergy Peanut Allergy-
Cohort Free Cohort Cohort Free Cohort

Patient Characteristics® n=3,084 n=30,840 n=1,245 n=12,450
Age as of the index date, mean +SD (median), y 8.3+3.6 (7.0) 8.3+3.6 (7.0) 79+3.7 (7.0) 7.9+3.7 (7.0)
Male, n(%) 1,839  (59.6) 18,390  (59.6) 703 (56.5) 7,030 (56.5)
Race,® n (%)

White - - 467 (37.5) 4,670 (37.5)

Black - - 523 (42.0) 5230 (42.0)
Region of residence,” n (%)

Northeast 1,104 (35.8) | 11,040 (35.8) - -

South 793 (25.7) 7930 (25.7) - -

West 560 (18.2) 5600 (18.2) - -

Midwest 513 (16.6) 5130 (16.6) - -
State of residence, n (%)

lowa - - 271 (21.8) 2,710 (21.8)

Kansas - - 103 (8.3) 1,030 (8.3)

Mississippi - - 411 (33.0) 4,110 (33.0)

Missouri - - 182 (14.6) 1,820 (14.6)

New Jersey - - 235 (18.9) 2,350 (18.9)

Wisconsin - - 43 (3.5 430 (3.5)
Health plan type,® n (%)

PPO 1971 (63.9) 19,710 (63.9) - -

POS 437 (14.2) 4370 (14.2) - -

HMO (9.4) 2,890  (9.4) 421 (33.8) 4,210 (33.8)

Non-HMO - - 824 (66.2) 8,240 (66.2)

and 59.6% were male in both cohorts (Table 1). The mean
length of the study period was 4.5 years for the peanut
allergy cohort and 4.1 years for the peanut allergy-free
cohort (standardized difference=0.17).

Among Medicaid patients, 40.3% of those diagnosed
with peanut allergy had evidence of reactions to peanuts
resulting in HRU (Supplementary Figure 2, available in
online article). After sample selection, 2,799 patients in the
peanut allergy cohort were matched to 27,990 patients in
the peanut allergy-free cohort, of which 1,245 and 12,450
patients, respectively, were between the ages of 4 and 17.
Among patients aged 4-17 years, the mean age was 7.9 years,
and 56.5% were male in both cohorts (Table 1). The mean
length of the study period was 4.0 years for the peanut
allergy cohort and 4.2 years for the peanut allergy-free
cohort (standardized difference=0.08).

continued on next page

COMORBIDITY BURDEN

The proportion of privately insured patients with comorbid-
ities frequently associated with peanut allergy was higher
among those in the peanut allergy cohort than those in
the peanut allergy-free cohort, as evidenced by the preva-
lence of asthma (54.8% vs. 13.7%), atopic dermatitis/eczema
(34.9% vs. 13.3%), other food allergies (42.2% vs. 0.8%), aller-
gic rhinitis (66.4% vs. 20.5%), depression (13.6% vs. 9.7%),
and anxiety (10.8% vs. 7.5%), respectively (all P<0.01; Table 1).
Privately insured patients in the peanut allergy cohort had a
higher mean CCI score than those in the peanut allergy-free
cohort (0.6 vs. 0.2, respectively; P<0.01). A lower propor-
tion of patients in the peanut allergy cohort had a CCI score
of zero compared with patients in the peanut allergy-free
cohort (43.5% vs. 82.9%, respectively; P<0.01).

Vol. 27, No. 4 | April 2021 | JMCP.org


https://www.jmcp.org:443/pb%2Dassets/Supplmental%20Material/SupplementaryMaterials20389.pdf

m Economic burden of peanut allergy in pediatric patients with evidence of reactions to peanuts in the United States

TABLE 1

(continued)

Demographic and Clinical Characteristics Among Privately Insured and Medicaid Pediatric Patients

Privately Insured Medicaid
Peanut Allergy Peanut Allergy- Peanut Allergy Peanut Allergy-
Cohort Free Cohort Cohort Free Cohort
Patient Characteristics® n=3,084 n=30,840 n=1,245 n=12,450
Year of index date, n (%)
2007 496 (16.1) 4960 (16.1) 69 (5.5) 690 (5.5)
2008 307 (10.0) 3,070 (10.0) 84 6.7) 840 (6.7)
2009 430 (139 4,300 (13.9) 149 (12.0) 1,490 (12.0)
2010 509 (16.5) 5,090 (16.5) 157  (12.6) 1,570 (12.6)
2011 312 (10.) 3120 (10.1) 194 (15.6) 1,940 (15.6)
2012 323  (10.5) 3,230 (10.5) 179  (14.4) 1,790 (14.49)
2013 243 (7.9) 2,430 (7.9) 151 (121) 1,510 (121)
2014 263 (8.5) 2,630  (8.5) 138 (11.1) 1,380 (11.1)
2015 173 (5.6) 1,730 (5.6) 101 (8.1) 1,010 (8.1)
2016 28 0.9) 280 0.9) 23 (1.8) 230 (1.8)
Length of study period, months; median+SD (median) 54.5+£29.5(49.2) | 49.4+28.8(43.2) | 47.8+273(41.9) | 49.9+26.5(44.5)
Comorbidities frequently associated with peanut allergy during the study period, n (%)°
Asthma 1,690 (54.8) 4,210 (13.7) 777  (62.4) 2,299 (18.5)
Atopic dermatitis/eczema 1,076  (34.9) 4106 (13.3) 631 (50.7) 2,220 (17.8)
One or more specified food allergies (other than peanut) 1,300 (42.2) 247 0.8) 518 (41.6) 59 (0.5)
Allergic rhinitis 2,049 (66.4) 6,320 (20.5) 876 (70.4) 3321 (26.7)
Depression 420 (13.6) 2,998 (9.7) 192 (15.4) 1,730 (13.9)
Anxiety 332 (10.8) 2,309 (7.5) 104 (8.4) 762 6.1)

°Patient characteristics were balanced, with a standardized difference of 0.00 for all covariates, except length of study period (0.17 for privately insured patients

and 0.08 for Medicaid patients).

®Only the most prevalent categories were reported; unknown category was not reported.
cComparisons between the peanut allergy and peanut allergy-free cohorts were statistically significant (all P<0.01).
HMO =health maintenance organization; POS=point of service; PPO =preferred provider organization.

The proportion of Medicaid patients with comorbidities
frequently associated with peanut allergy was also higher
among those in the peanut allergy cohort than those in the
peanut allergy-free cohort, as evidenced by the prevalence
of asthma (62.4% vs. 18.5%), atopic dermatitis/eczema
(50.7% vs. 17.8%), other food allergies (41.6% vs. 0.5%), aller-
gic rhinitis (70.4% vs. 26.7%), depression (15.4% vs. 13.9%),
and anxiety (8.4% vs. 6.1%), respectively (all P<0.01; Table 1).
Medicaid patients in the peanut allergy cohort had a higher
mean CCI score than those in the peanut allergy-free
cohort (0.7 vs. 0.3, respectively; P<0.01). A lower proportion
of patients in the peanut allergy cohort had a CCI score of
0 compared with patients in the peanut allergy-free cohort
(34.0% vs. 76.2%, respectively; P<0.01).
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HEALTH CARE RESOURCE UTILIZATION

Privately insured patients in the peanut allergy cohort had
higher HRU compared with those in the peanut allergy-
free cohort, as evidenced by 0.04 versus 0.02 IP admissions
PPPY, respectively (i.e., 65% more in the peanut allergy
cohort; IRR=1.65; P<0.01; Figure 1A); 0.51 versus 0.27 ED
visits PPPY (i.e., 90% more in the peanut allergy cohort;
IRR=1.90; P<0.01); 9.44 versus 5.21 days with OP services
PPPY (i.e., 81% more in the peanut allergy cohort; IRR=1.81;
P<0.01); and 1.31 versus 0.03 prescription fills for epineph-
rine autoinjector PPPY (i.e., >50 times more in the peanut
allergy cohort; IRR=50.42; P<0.01). Results were consistent
when excluding asthma-related HRU, with patients in the
peanut allergy cohort having more IP admissions (IRR=1.31;
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FIGURE 1 Comparison of HRU in Privately Insured Pediatric Patients and Medicaid Pediatric Patients

A. Comparison of HRU in Privately Insured Pediatric Patients in the Peanut Allergy Cohort (n=3,084)
versus Peanut Allergy-Free Cohort (n=30,840)

Lower incidence in Higher incidence in
peanut allergy cohort peanut allergy cohort
«—

HRU component:

*

IP admissions '
1.65 (1.39-1.90)°

ED visits
1.90 (1.78-2.04)°

Days with OP services ! R .
1.81 (1.71-1.94)

L 4

1.0 11 1.2 13 14 15 1.6 1.7 1.8 19 2.0 21

Epinephrine autoinjector
prescription fills ——

50.42 (45.51-55.86)°

T T T T T T T T T T T 1
1.0 60 11.0 160 210 260 310 360 410 460 510 560 610

IRR (95% Cl)

B. Comparison of HRU in Medicaid Pediatric Patients in the Peanut Allergy Cohort (n=1,245) versus
Peanut Allergy-Free Cohort (n=12,450)

Lower incidence in Higher incidence in
peanut allergy cohort peanut allergy cohort
- >

HRU component:

L 4

IP admissions !
1.71(1,44-2.02)*
ED visits !

1.90 (1.72-2.10)¢

4

Days with OP services ' ° .
1.27 (1.20-1.34)°

1.0 11 1.2 13 14 15 16 17 18 19 2.0 21 2.2

Epinephrine autoinjector
prescription fills
63.37 (55.29-73.69)°

T T T T T T T T T T T T T T T 1
10 6.0 11.0 16.0 21.0 26.0 31.0 36.0 41.0 46.0 51.0 56.0 61.0 66.0 71.0 76.0 81.0

IRR (95% Cl)

P <0.01.
ED=emergency department; HRU =health care resource utilization; IP=inpatient; IRR =incidence rate ratio; OP=outpatient.
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Comparison of Direct Health Care Costs in Privately Insured Pediatric Patients in the Peanut

Allergy Cohort (n=3,084) Versus Peanut Allergy-Free Cohort (n=30,840) and in Medicaid Pediatric
Patients in the Peanut Allergy Cohort (n=1,245) Versus Peanut Allergy—Free Cohort (n=12,450)

All-cause yearly total
health care cost difference:
$2,8452
—Excluding asthma-related costs: $1,8442

7,000 ;
All-cause yearly total 6,239 WP
6.000 health care cost difference: WED
' $2,247° mor
—Excluding asthma-related costs: $1,712° 1,188 B Pharmacy
99 (excluding
5,000 ; B epinephrine)
M Epinephrine
4336 autoinjector

Mean Costs PPPY (2017 USD)

Peanut Allergy
Cohort

Peanut Allergy—Free
Cohort
Privately Insured

Peanut Allergy
Cohort

Peanut Allergy—Free
Cohort
Medicaid

P<0.01.
bThis cost does not equal the sum of the cost components due to rounding.

ED=emergency department; IP=inpatient; OP=outpatient; PPPY =per patient per year; USD=U.S. dollar.

P=0.02); ED visits (IRR=1.81; P<0.01); and days with OP ser-
vices (IRR=1.71; P<0.01) PPPY compared with patients in the
peanut allergy-free cohort (Supplementary Table 2, avail-
able in online article).

Medicaid patients in the peanut allergy cohort had
higher HRU compared with those in the peanut allergy-free
cohort, as evidenced by 0.55 versus 0.32 IP admissions PPPY,
respectively (i.e., 71% more in the peanut allergy cohort;
IRR=1.71; P<0.01; Figure 1B); 0.82 versus 0.43 ED visits PPPY
(i.e., 90% more in the peanut allergy cohort; IRR=1.90;
P<0.01); 20.01 versus 15.70 days with OP services PPPY (i.e.,
27% more in the peanut allergy cohort; IRR=1.27; P<0.01);
and 1.06 versus 0.02 prescription fills for epinephrine
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autoinjector PPPY (i.e., >63 times more in the peanut
allergy cohort; IRR=63.37; P<0.01). Results were consistent
when excluding asthma-related HRU, with patients in the
peanut allergy cohort having more IP admissions (IRR=1.27
P=0.03); ED visits (IRR=1.74; P<0.01); and days with OP
services (IRR=1.22; P<0.01) PPPY compared with patients
in the peanut allergy-free cohort (Supplementary Table 2,
available in online article).

HEALTH CARE COSTS

Privately insured patients in the peanut allergy cohort
incurred $2,247 higher direct health care costs PPPY com-
pared with patients in the peanut allergy-free cohort
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TABLE 2

Comparison of Direct Health Care Costs Among Privately Insured and Medicaid Pediatric Patients
During the Study Period

Privately Insured, mean PPPY+SD Medicaid, mean PPPY+SD
Peanut Allergy | Peanut Allergy- Peanut Allergy | Peanut Allergy-
Direct Health Care Costs Cohort Free Cohort Cost Difference Cohort Free Cohort Cost Difference
(2017 USD) n=3,084 n=30,840 (95% CI) n=1,245 n=12,450 (95% Cl)
é\;lr'gac‘éssfstotal health 4,336+29,273 | 2,089+11,522 | 2,247 (1,195-3,936)° | 6,239+13,988 | 3,393+8,832 | 2,845 (2,086-3,728)°
Asthma-related costs 619+3,696 84+903 535 (396-731)° 1,116+4,894 114+1,026 | 1,001 (747-1,313)
Atopic dermatitis/ . a
oo ] st 60+443 10+99 50  (34-76) 230+3,230 17+223 213 (119-371)
Other food allergy- 484233 138 47 (40-57) 127+1,729 0422 127 (50-240)°
related costs
2"095';;3[ health-related 244+1,366 224+1,710 20 (-37-87) 1,156 +6,338 834+3,999 322 (-36-678)
Medical service costs 2,155+4,554 1,624+10,533 531 (347-734) 4,590+13,168 2,882+8,333 1,708 (993-2,552)
Pharmacy costs 2181+28,840 | 465+3,404 | 1716 (746-3,289)  1,649+3,320 511+1,469 | 1,138 (948-1,373)
Out-of-pocket all-cause 962+3,284 400+692 562 (448-735) - - -
total health care costs

P<0.01
PPPY =per-patient per-year; USD=U.S. dollars.

(P<0.01; Figure 2). Asthma-related costs, atopic dermati-
tis/eczema-related costs, other food allergy-related costs,
and mental health-related costs accounted for 23.8%,
2.2%, 2.1%, and 0.9% of the cost difference, respectively
(all P<0.01 except for mental health-related costs; Table 2).
Excluding asthma-related costs, patients in the peanut
allergy cohort incurred $1,712 higher costs PPPY compared
with patients in the peanut allergy-free cohort (P<0.01;
Figure 2). Additionally, patients in the peanut allergy cohort
incurred $562 higher out-of-pocket all-cause total health
care costs PPPY compared with patients in the peanut
allergy-free cohort (P<0.01). When combining patient out-
of-pocket and payers’ contribution perspectives, the total
incremental cost was of $2,809 PPPY. Excluding epineph-
rine, the most frequently prescribed drugs to patients in
the peanut allergy cohort were amoxicillin, albuterol, and
azithromyecin.

Medicaid patients in the peanut allergy cohort incurred
$2,845 higher direct health care costs PPPY compared
with patients in the peanut allergy-free cohort (P<0.01;
Figure 2). Asthma-related costs, atopic dermatitis/eczema-
related costs, other food allergy-related costs, and mental
health-related costs accounted for 35.2%, 7.5%, 4.5%, and
11.3% of the cost difference, respectively (all P<0.01 except
for mental health-related costs; Table 2). Excluding asthma-
related costs, patients in the peanut allergy cohort incurred

$1,844 higher costs PPPY compared with patients in the
peanut allergy-free cohort (P<0.01; Figure 2). Excluding
epinephrine, the most frequently prescribed drugs to
patients in the peanut allergy cohort were albuterol, amoxi-
cillin, and prednisolone.

Discussion

This retrospective matched-cohort study assessed the cost
of care associated with peanut allergy in privately insured
and Medicaid-insured pediatric patients aged 4-17 years in
the United States. Our results indicate that the comorbidity
burden, HRU, and direct health care costs are significantly
higher in pediatric patients with peanut allergy compared
with those without peanut allergy, from both the private
and public perspectives. Given the use of claims databases
and the onset of peanut allergy largely during childhood,' we
targeted patients for whom the journey would reasonably
include early or delayed introduction to peanuts,® allergy
testing, and early experience with food allergy avoidance to
observe failure with reactions to peanuts resulting in HRU.
In addition, as caregiver vigilance at a young age is likely
to mitigate the risk of accidental exposure to peanuts, this
study focuses on pediatric patients 4-17 years old with evi-
dence of unmet treatment needs, a period when children
and adolescents are being integrated into educational and
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social interactions and are developing the knowledge and
skills needed to reduce their exposure risk.

As a claims-based study, reaction to peanuts could not be
confirmed without clinical data, so patients were selected
using HRU as a proxy. Approximately half of all patients
diagnosed with peanut allergy had evidence of reactions
to peanuts resulting in HRU at some point in data (52.5%
among privately insured patients; 40.3% among Medicaid
patients). Accordingly, this study suggests that reactions to
peanuts requiring medical attention are likely not uncom-
mon for children with peanut allergy at the population
level. Despite the practice of allergen avoidance, accidental
exposure is common,*® with the resulting reaction being of
variable and unpredictable severity.* Indeed, in a study of
children with confirmed peanut allergy, accidental expo-
sure occurred at a rate of 12.4% per year, with 66% of the
resulting reactions classified as moderate or severe.” Taken
together, this suggests that under food allergen avoidance
alone without preventative therapy options, patients with
peanut allergy are still at risk of allergic reactions warrant-
ing medical attention at any time.

Although most previous studies estimated costs associ-
ated with food allergy in general,>*?” an analysis of private
insurance claims in the United States found that patients
with a diagnosis of peanut allergy incurred medical service
charges of $237 PPPY, whereas patients diagnosed with ana-
phylactic reaction to peanuts incurred $429 PPPY.?® These
estimates are much lower than the costs reported in the
present study, likely because the former study only included
medical service costs associated with diagnosis claims and
did not include pharmacy costs,”® which accounted for
25%-50% of the total health care costs in the present study.
Our results were consistent with the recent study of Shaker
et al. on cost observed in commercially insured pediatric
patients of $2,247 PPPY, which reported similarly high
excess direct health care costs including patient out-of-
pocket expenses during the first year of diagnosis, ranging
from $2,278 PPPY (aged 4-11 years) to $4,340 PPPY (aged
12-18 years).? In this study, we also assessed the economic
burden in the Medicaid-insured population, representing
an important proportion of children with peanut allergy in
the United States,* showing incremental total health care
costs of $2,845 PPPY.

Regarding medical services, recent studies have shown
that the rate of ED visits for food-related anaphylaxis is
increasing'®" and that the true frequency may be underes-
timated.*® ED visits and IP hospitalizations have previously
been identified as major components of medical costs asso-
ciated with food allergy.?>* Although patients with peanut
allergy experienced high rates of ED visits in the present
study, medical services were mainly driven by OP visits.
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This is in line with other studies that have found similar
HRU and cost allocations for food allergy in general.?"?
Regardless of the distribution of medical service use, costs
associated with peanut allergy management and peanut
anaphylaxis remain high.

Further contributing to the high costs are comorbidities
associated with peanut allergy. With the common coexis-
tence of allergic conditions such as food allergy, asthma,
allergic rhinitis, and eczema,?> the presence of these
comorbidities was unsurprisingly a driver in the high health
care costs associated with peanut allergy in this study. In
particular, a strong association between asthma and food
allergy has been demonstrated in the literature,'®?>?* with
children with food allergy demonstrating a higher risk of
developing asthma (odds ratio=2.16) in 1 United States ret-
rospective study.® Asthma was observed in more than half
of patients with peanut allergy in the current study (54.8%
of privately insured patients; 62.4% of Medicaid patients),
which is consistent with a previous study.*® Furthermore,
asthma-related costs were significantly higher in patients
with peanut allergy, suggesting that the coexistence of
both conditions may lead to disease exacerbations requir-
ing additional HRU and subsequent costs. Interestingly,
albuterol and prednisolone—medications commonly used
to treat asthma—were among the most prescribed drugs
contributing to pharmacy costs in Medicaid patients with
peanut allergy. Other drugs commonly prescribed included
antibiotics, possibly associated with use for other co-mor-
bidities such as atopic dermatitis/eczema and asthma*?
however, additional analyses are required to confirm this
finding, because antibiotics are commonly prescribed to
children and adolescents, particularly for upper respiratory
infections.**-% Despite the presence of comorbidities, even
when excluding asthma-related HRU and costs, patients
with peanut allergy still incurred significantly more IP,
ED, and OP visits and higher health care costs by almost
$2,000 PPPY compared with those without peanut allergy,
underscoring the substantial economic burden of peanut
allergy that is not solely driven by its frequently associated
comorbidities.

In addition to costs, food allergies also negatively affect
quality of life in children; increased bullying, missed social
activities, separation at mealtimes, and not being allowed
to visit friends’ homes to play all induce a sense of isolation
and anxiety among children with peanut allergy.*® Indeed, a
cross-sectional study of quality of life in families of children
with peanut allergy found that children with peanut allergy
had higher separation anxiety and poorer emotional quality
of life and psychosocial health than their siblings.?’ This
is consistent with the results of the current study, which
estimated higher rates of depression and anxiety among
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children with peanut allergy than
those without, demonstrating the
far-reaching consequences of peanut
allergy beyond economic burden. Of
note, mental health-related costs
did not differ between the 2 cohorts,
likely because they included all types
of resource use for any mental health-
related condition observed in the
claims data (not specific to depression
or anxiety). This point is particularly
relevant among the Medicaid popula-
tion, which includes a large baseline
proportion of individuals with mental
illnesses, particularly serious men-
tal illnesses,* regardless of peanut
allergy status.

LIMITATIONS
This study should be interpreted in
the context of some limitations. The
study sample for the cost of care anal-
ysis was limited to privately insured
and Medicaid-insured individuals
from 6 states and their dependents;
thus, the generalizability to the overall
United States or Medicaid population
may be limited, in part by the variabil-
ity in state-specific Medicaid income
eligibility and level of coverage. Claims
databases contain diagnostic and pro-
cedure codes that are recorded for
reimbursement purposes and may be
subject to coding errors or data omis-
sions. However, the economic burden
in patients with peanut allergy can
only be comprehensively quantified
using diagnoses in claims databases.
Given that nonallergic food reac-
tions, such as food intolerance, are
frequently confused with food allergy
(diagnosis of peanut allergy solely)!
and that laboratory results from
diagnostic test (e.g., allergen-specific
serum IgE to peanut test) or severity
grades of allergic reaction were not
available, patients with a diagnosis of
peanut allergy with evidence of reac-
tions to peanuts resulting in HRU were
identified based on an algorithm using
diagnoses and location of medical

services. Although this minimizes
the misclassification associated with
using peanut allergy ICD-9/10-CM
diagnosis codes, it may also result
in a sample with an overrepresenta-
tion of more severe peanut allergy
phenotype. This algorithm to identify
allergic reactions to peanuts has not
been validated, but we developed a
definition that can be used to analyze
claims databases that reflect real-
world practice.

Additionally, because many patients
with peanut allergy also have other
food allergies,® patients with reac-
tions to peanuts identified through
criterion 2 may have also included
those with reactions to other foods.
Nevertheless, peanut is the most
prevalent food allergy,>? thereby likely
representing the majority of patients
identified through criterion 2. Similar
to patient selection, asthma-, atopic
dermatitis/eczema-, and other food
allergy-related costs were identified
based on an algorithm using diagno-
ses and prescriptions.

Finally, the cohort of patients with
peanut allergy included a high propor-
tion of patients with asthma. Although
asthma exacerbation can be triggered
by allergic reactions to peanuts as
part of the burden of peanut allergy,
a conservative sensitivity analysis was
conducted to exclude the HRU and
costs directly associated with asthma.

Conclusions
Despite the practice of peanut
avoidance, privately insured and

Medicaid-insured pediatric patients
aged 4-17 years in the United States
with peanut allergy and evidence
of allergic reactions triggering HRU
had significantly higher comorbidity
burdens, HRU, and direct health care
costs, regardless of asthma-related
costs, compared with those without
peanut allergy. Accordingly, there is
a significant unmet need for efficient

preventive therapies to treat this
costly condition.
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