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Background: Current guidelines recommend that any patient who has experienced anaphylaxis should
be prescribed one or more epinephrine autoinjectors (EAI) for immediate self-treatment. However, the
etiology of anaphylaxis and prescription patterns of EAI have not been widely examined in Japan.
Methods: This was a retrospective cohort study using a large Japanese claims database (JMDC, Tokyo,
Japan). We included patients with severe anaphylaxis who received epinephrine in a hospital or
outpatient clinic from 2011 to 2016. We extracted patients who were prescribed EAIs and examined the
annual trend of EAI prescription rates and refill patterns.
Results: We identified 1255 eligible patients. Among them, 361 patients (28.8%) were prescribed EAIs
within 30 days after their initial severe anaphylactic episode. In patients who were prescribed EAIs, 65.9%
were prescribed EAIs from the same facility in which initial treatment was given for severe anaphylaxis.
The prescription rates of EAI significantly increased from 11.1% in 2011 to 30.9% in 2016. Among patients
with initial EAI prescriptions, 97.3% refilled their EAI prescriptions at least once and 40.5% refilled their
prescriptions annually during the 3 year follow up period.
Conclusions: EAI prescription rates were relatively low in patients who experienced severe anaphylaxis
in Japan. Physicians should prescribe EAIs to all patients who were treated for anaphylaxis under their
care and avoid delegating the responsibility of prescribing EAIs to other facilities. Initial prescription of
EAIs can result in improved regular refill and dissemination practices.
Copyright © 2020, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Anaphylaxis, a relatively common encounter in the realm of
emergency medicine, is a potentially life-threatening systemic re-
action affecting up to 2% of the population.1 Epinephrine (also
known as adrenaline) is the cornerstone of emergency treatment
for anaphylaxis; however, failure to inject epinephrine in a timely
manner significantly hinders its effectiveness and may result in
impaired clinical outcomes.2,3
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An epinephrine autoinjector (EAI) is recommended as the pri-
mary treatment in patients with anaphylaxis under the conditions
of self-treatment.2e4 Current guidelines recommend that any pa-
tient who has experienced anaphylaxis should be prescribed one or
more EAIs.3,5 However, previous studies have demonstrated the
existence of a number of barriers limiting the proper dissemination
of EAIs such as: low prescription rates3,4,6 (patients never having
been prescribed EAI regardless of past severe anaphylactic
episode); high costs (patients could not afford to purchase EAIs);
limited shelf life of 12 months (EAI was expired at the time of
anaphylaxis onset); and number of doses to dispense7,8 (current
guidelines recommend that patients at risk of anaphylaxismaintain
two EAIs on-hand at all times3,5).
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Although the prescription of EAIs is of life-dependent impor-
tance to patients and physicians, the etiology of EAI prescription
patterns have not been examined in Japan at the broad-scale level.
The aim of the present study was to elucidate EAI prescription
patterns in Japan using a widely utilized public health insurance
database.

Methods

Data source

We conducted a retrospective cohort study using the JMDC
database (JMDC Inc., Tokyo, Japan),9 which has been described in
detail in previous reports.10e13 The database collects data from
more than 60 insurers with approximately 5.6 million individuals
registered in 2018.9Most of the enrollees are employees of Japanese
companies and their family members. More than 95% of the cohort
were under the age of 65 in 2013.9 The JMDC database includes
information on administrative claims data (inpatient/outpatient/
pharmacy) and annual health screenings. The database also in-
cludes the following data for each patient: age; sex; dates of hos-
pital or clinic visit; diagnoses recorded under the International
Classification of Diseases, Tenth Revision (ICD-10) codes; pre-
scription of drugs categorized according to the World Health Or-
ganization Anatomical Therapeutic Chemical classification system.

Ethics

The study was approved by the Institutional Review Board at
The University of Tokyo (approval number, 10862e1). Due to the
anonymous nature of the data, the requirement for informed con-
sent was waived.

Patient selection

We retrospectively extracted data for patients with a history of
severe anaphylaxis between September 2011 and December 2016
(EAI was made available under coverage of the Japanese National
Health Insurance system from August 2011 in Japan). Diagnosis of
anaphylaxis was defined as ICD-10 codes: T780 (diagnosis of
anaphylactic reaction or shock due to adverse food reaction), and
T782 (anaphylactic shock, unspecified). We enrolled patients with
severe anaphylaxis defined as patients who were administered
epinephrine at a hospital or outpatient clinic with the above
diagnosis.

Code T886 (anaphylactic shock due to adverse effect of correct
drug or medicament properly administered) and T805 (anaphy-
lactic shock due to serum, i.e., blood transfusion) are generally
applied in cases of anaphylactic shock resulting from interventions
occurring during hospitalization and therefore patients falling un-
der these classifications were excluded from the study. When a
patient develops anaphylaxis in response to contrast media,
transfusion or drugs during hospitalization, the patient will receive
epinephrine in the hospital; however, patients with T886 and T805
are not optimal candidates for EAI prescription as they will not
routinely encounter exposure to contrast media and transfusions
outside of the hospital setting. Patients who had undergone cardiac
resuscitation (ICD-10 code, I46) with epinephrine were also
excluded because post-cardiac arrest patients have been adminis-
tered epinephrine during emergency resuscitation and therefore
are generally not prescribed EAIs. Patients aged 3 and under were
also excluded from the study because EAIs of 0.15 mg cannot be
prescribed in patients whose body weight is less than 15 kg.
Please cite this article as: Nakajima M et al., Epinephrine autoinjector
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Exclusion criteria should be based on weight and not age. Unfor-
tunately, because the database fails to reflect body weight, we
resorted to the adoption of an age-based cut off of age 3 because the
median weight of Japanese children at the age of 3 is 15 kg.
Patient characteristics

Among the patients described above, we extracted patients who
were prescribed EAIs (EpiPenR 0.15 mg or 0.3 mg, Mylan EPD,
Tokyo, Japan) within 30 days after their initial severe anaphylactic
episode. Individual characteristics were documented for each pa-
tient regardless of whether or not the patient was prescribed an
EAI. The characteristics included the following variables: age; sex;
diagnosis (ICD-10 code, T780 or T-782); type of hospital in which
the patient was administered epinephrine for severe anaphylaxis
(outpatient clinic, non-acute care hospital, acute care hospital or
academic hospital); type of facility prescribing EAI (i.e. was the
patient prescribed EAI from the same facility in which the initial
treatment was administered for severe anaphylaxis or a separate
facility).
Trend of EAI prescription

After tallying the numbers of severe anaphylactic patients on an
annual basis, the prescription rate of EAIs (prevalence of EAI pre-
scription) within a 30-day period from the initial onset of
anaphylaxis was calculated.
EAI refill patterns

Among patients who were prescribed EAIs, we identified pa-
tients who refilled the EAI prescription at least once after their
initial prescription. We compared the characteristics of those pa-
tients who did or did not refill EAI prescriptions. Refill opportu-
nities (patterns) were defined in brackets of 12 months after the
initial dispensing of the EAI:�12 months, 13e24months, or 25e36
months after initial EAI dispensing. In addition, we describe EAI
prescription patterns in patients without an initial EAI prescription.
We limited our analysis to patients who experienced severe
anaphylaxis prior to December 2013 due to the required minimum
follow-up period of 3 years (36 months) to observe refill patterns.

We tallied the total number of EAIs that were prescribed during
the defined observational periods of each individual. Next, we
calculated the number of devices prescribed divided by the length
of each observational period (annual basis, EAIs/year) and defined
this as our “annual prescription index.” A zero means no refill
history, 0e1 means at least one history of refill and �1 indicates
annual refilling. A histogram reflecting the annual prescription in-
dex was generated.
Statistical analysis

Continuous variables were reported as median and interquartile
range (IQR), and categorical variables were reported as number and
percentage. Continuous variables were compared between the
groups via the Wilcoxon rank-sum test, and categorical variables
were compared by the chi-square test. To assess annual trends
during the study period, we used the CochraneeArmitage test for
proportions. Two-sided p-values of <0.05 were considered signifi-
cant. All analyses were performed using Stata MP15 (StataCorp,
College Station, TX, USA).
prescription patterns for severe anaphylactic patients in Japan: A
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Fig. 1. Annual prescription rate of epinephrine autoinjector in patients with severe
anaphylaxis. yCochraneeArmitage trend test. EAI, epinephrine autoinjector.

Table 2
Characteristics of patients who were prescribed initial epinephrine autoinjectors.

Variables Never refilled
EAI (n ¼ 161)

Refilled EAI at
least once
(n ¼ 200)

p-value

Age, years, median (IQR) 24 (12, 47) 10 (6, 16) <0.001
Age category, years
4e6 26 (16.1) 58 (29.0) <0.001
7e12 19 (11.8) 60 (30.0)
13e18 25 (15.5) 42 (21.0)
19e 91 (56.5) 40 (20.0)

Male 98 (60.9) 119 (59.5) 0.79
Hospital category (initial anaphylactic episode)
Outpatient clinic 25 (15.5) 36 (18.0) 0.84
Non-acute care hospital 14 (8.7) 20 (10.0)
Acute care hospital 110 (68.3) 132 (66.0)
Academic hospital 12 (7.5) 12 (6.0)

Hospital category (initial EAI prescription)
Outpatient Clinic 38 (23.6) 45 (22.5) 0.63
Non-acute care hospital 16 (9.9) 27 (13.5)
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Results

Patient characteristics

We identified 1255 patients within the target period after
applying the inclusion and exclusion criteria. Of these patients, 361
(28.8%) were prescribed EAIs within 30 days after their initial se-
vere anaphylactic episode. The characteristics of patients with se-
vere anaphylaxis are shown in Table 1. The patients who were
prescribed EAIs were significantly younger than those who were
not. In the patients who were prescribed EAIs, 238 patients (65.9%)
were prescribed EAIs from the same facility in which the initial
treatment was administered for severe anaphylaxis.

Trend of EAI prescription

After EAIs were approved under the Japanese universal
healthcare coverage system in August 2011, the prescription rate of
EAIs significantly increased from 11.1% in 2011 to 30.9%, 31.9%,
30.9% in 2014, 2015 and 2016, respectively (p for trend 0.003)
(Fig. 1). The sum total of the proportion of patients being prescribed
EAIs spanning the entire data spectrum (2011e2016) was 28.8%.

EAI refill patterns

Among patients who were prescribed EAIs, 200 patients (55.4%)
refilled their EAI prescriptions at least once after their initial pre-
scription. Table 2 shows the characteristics of those patients who
did or did not refill EAI prescriptions. Younger patients were more
likely to refill EAI prescriptions.

Table 3 shows EAI refill patterns for severe anaphylactic patients
in the cohort for �3 years. In patients with an initial EAI prescrip-
tion, 40.5% refilled their prescriptions annually. Over 97% of pa-
tients refilled EAI prescriptions at least once within the 3 year
follow up period. In patients without an initial EAI prescription,
16.5% were prescribed EAIs after 30 days of the initial anaphylactic
episode.
Table 1
Characteristics of patients with severe anaphylaxis regardless of whether or not the
patient was prescribed an epinephrine autoinjector.

Variables Initial EAI prescriptiony P-value

No (n ¼ 894) Yes
(n ¼ 361)

Age, years, median (IQR) 30 (12, 46) 13 (7, 37) <0.001
Age category, years
4e6 121 (13.5) 84 (23.3) <0.001
7e12 105 (11.7) 79 (21.9)
13e18 82 (9.2) 67 (18.6)
19e 586 (65.5) 131 (36.3)

Male 497 (55.6) 217 (60.1) 0.14
Hospital category (initial anaphylactic episode)
Outpatient clinic 223 (24.9) 61 (16.9) 0.007
Non-acute care hospital 56 (6.3) 34 (9.4)
Acute care hospital 553 (61.9) 242 (67.0)
Academic hospital 62 (6.9) 24 (6.6)

Hospital category (initial EAI prescription)
Outpatient clinic 83 (23.0)
Non-acute care hospital 43 (11.9)
Acute care hospital 204 (56.5)
Academic hospital 31 (8.6)

EAI prescription from same facilityz 238 (65.9)

EAI, epinephrine auto-injector; IQR, interquartile range.
Data are shown as n (%) otherwise specified.

y EAI prescription within 30 days of the initial severe anaphylactic episode.
z EAI prescription from the same facility in which the initial treatment was

administered for severe anaphylaxis or a separate facility.

Acute care hospital 95 (59.0) 109 (54.5)
Academic hospital 12 (7.5) 19 (9.5)

EAI, epinephrine auto-injector; IQR, interquartile range.
Data are shown as n(%) otherwise specified.
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Figure 2 shows the distribution of the annual prescription index.
The median was 0.83 EAIs/year (IQR, 0.60e1.17). In 5 patients, the
annual prescription index was �2 EAIs/year.
Discussion

Approximately 30% of patients experiencing severe anaphylactic
episode were prescribed EAIs in the present study. One-third of
these patients were prescribed EAIs from the same facility inwhich
initial treatment was administered for severe anaphylaxis. Among
patients who were initially prescribed EAIs, over half refilled their
EAI prescriptions at least once. Forty percent of patients refilled
their prescriptions on an annual basis. The median annual pre-
scription index was less than one.

Although a trend analysis revealed a significant increase in the
prescription rate of EAIs on an annual basis, the prescription rate
plateaued after 2014. An important finding to note is that even in
patients who have experienced a severe anaphylactic episode
necessitating an epinephrine injection, merely 30% of which were
prescribed EAIs within 30 days after their initial anaphylactic
episode. International EAI prescription rates vary among studies:
prescription patterns for severe anaphylactic patients in Japan: A
ational, https://doi.org/10.1016/j.alit.2020.02.008



Table 3
Initial prescription and refill patterns for epinephrine autoinjector in the cohort for
�3 years.

In patients with initial EAI prescription (n ¼ 74)

Initial EA prescription EAI refill opportunity
(months)

n (%)

�12 12e23 24e36

YES NO NO NO 2 (2.7)
YES NO NO YES 0 (0.0)
YES NO YES YES 0 (0.0)
YES NO YES NO 0 (0.0)
YES YES NO NO 14 (18.9)
YES YES NO YES 10 (13.5)
YES YES YES NO 18 (24.3)
YES YES YES YES 30 (40.5)

In patients without initial EAI prescription (n ¼ 243)

Initial EA prescription EAI prescription and refill
opportunity (months)

n (%)

�12 12e23 24e36

NO NO NO NO 203 (83.5)
NO NO NO YES 7 (2.9)
NO NO YES YES 7 (2.9)
NO NO YES NO 3 (1.2)
NO YES NO NO 4 (1.6)
NO YES NO YES 1 (0.4)
NO YES YES NO 5 (2.1)
NO YES YES YES 13 (5.3)

EAI, epinephrine auto-injector.

Fig. 2. Histogram of the annual prescription index in severe anaphylactic patients. yThe
total number of EAIs divided by the length of each observational period (per year
basis). EAI, epinephrine autoinjector.
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11%,14 16%,15 37%16 and 61%.17 Considering the international EAI
prescription rates, the 30% achieved in Japan may appear deceiv-
ingly average or nominal.

The Japanese healthcare system conveys a number of strategic
advantages to patients which can be summed up in three parts.
First, EAIs are relatively affordable in terms of price (EpiPen®
0.3 mg in Japan, $98 US dollars [$1USD ¼ 108JPY]). Second, the
universal healthcare coverage system in Japan only requires pa-
tients to pay 10e30% of their medical fees (including medication)
and therefore the actual cost of an EAI for the patient is comparably
low. Third, most local government administrations offer a special-
ized subsidy system for children and therefore pediatric patients
can often be prescribed EAIs at zero or minimal cost. Thus, socio-
economic barriers are negligible with respect to EAI prescriptions
Please cite this article as: Nakajima M et al., Epinephrine autoinjector
retrospective analysis of health insurance claims data, Allergology Intern
in Japan. Nevertheless, even after a documented improvement from
11.1% in 2011, the EAI prescription rate remains at a minimally
satisfactory 30%.

Among patients who were prescribed EAIs within 30 days after
their initial severe anaphylactic episode, two-thirds were pre-
scribed EAIs from the same medical facility in which the initial
treatment was administered. These results underscore an advan-
tageous prescription rate for patients who have been prescribed
EAIs by the same physician treating the initial anaphylactic episode.
This is most likely attributed to the convenience of having an EAI
prescription upon discharge. In contrast, the need for a follow-up
visit to one's primary care physician or a different healthcare fa-
cility merely for the sake of obtaining an EAI would result in lower
prescription rates.

In addition, there are some other plausible reasons for the low
prescription rate of EAIs in Japan. First, the limited shelf life of EAIs
is an existential barrier when considering the prescription of an
EAI. When anaphylactic patients are hospitalized, EAIs are gener-
ally prescribed at discharge. As a general practice, prescription
medications provided to patients at the time of discharge are
prepared from internal hospital pharmacies. Because of the
limited shelf life and relative rarity of EAI prescriptions, the vast
majority of hospitals in Japan do not routinely stock EAIs. There-
fore, a significant portion of patients cannot be provided EAIs at
discharge. Second, only physicians licensed by the manufacturer
can prescribe EAIs in Japan and therefore only a small number of
emergency care physicians might have this authority. Third, the
physician who treats the anaphylactic episode may adopt an
optimistic outlook and assume that the chances of the patient ever
experiencing the next severe anaphylactic episode necessitating
epinephrine is low and fails to prescribe an EAI. Fourth, the cul-
tural differences between pediatricians and internists may also
contribute to the low prescription rate of EAIs. Anaphylaxis is
more common in children than adults. Therefore, pediatricians are
more experienced with EAI prescriptions. On the other hand, in-
ternists (not including allergists) may experience more reluctance
when prescribing EAIs due to their lack of experience with the
device. Finally, the shortage of allergists might also effect the low
prescription rate of EAIs in Japan.

The EAI refill patterns revealed in the present study show that
among patients who were prescribed EAIs on at least one occasion,
less than half refilled their prescriptions annually but the majority
of patients refilled their prescriptions at least once during the
subsequent 3 year period. In an observational study conducted in
the US, 46% of the patients refilled their prescriptions at least once
and only 11% refilled consistently at all expected refill intervals
during the subsequent 5 year period.18 Japanese patients may
display a higher adherence to refills once they are prescribed EAIs.
Additionally, among patients who were not prescribed EAIs
following an initial anaphylactic episode, approximately 17%
eventually received an EAI prescription out of necessity within 3
years of initial onset. These results suggest that the initial pre-
scription of EAI is crucial in proper dissemination of EAIs.

Although current guidelines recommend that patients at risk of
anaphylaxis maintain two EAIs on-hand at all times,3,5 virtually no
patients presented with an annual prescription index �2 (EAIs/
year). The implication here is that only a small fraction of patients
had over two EAIs available at any given timeframe. A recent report
revealed that 16e36% of anaphylactic patients required a second
dose of epinephrine during an anaphylactic episode.19 Therefore,
physicians should refrain from assuming a false sense of security by
prescribing a single EAI.

The present study has several limitations. First, we may have
underestimated the number of actual anaphylactic episodes. In the
prescription patterns for severe anaphylactic patients in Japan: A
ational, https://doi.org/10.1016/j.alit.2020.02.008
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present study, we detected the number of anaphylactic episodes
using ICD-10 codes but because the diagnosis in the claims data-
base is not well-validated, we adopted the combination of thera-
peutic management of epinephrine use in the outpatient clinic or
hospital to refine our search. Previous observational studies have
shown that 16e64% of anaphylactic patients received epinephrine
in emergency departments.17,20e22 Patients were often treated with
second-line therapies, including antihistamines and steroids.7

Anaphylactic patients who were treated using antihistamines or
steroids were not included in this study. However, even among
patients who were administered epinephrine, the prescription rate
of EAIs was low. Second, the data we retrieved did not contain the
causes of the anaphylaxis. Although bee stings are the most com-
mon causes of anaphylaxis in Japan, we could not identify any
specific details in the ICD-10 based diagnosis. Third, the details in
which the EAI prescriptions were refilled are unknown. We
assumed that the EAI prescriptions following the initial prescrip-
tionwas simply a refill; however, the second prescription may have
been issued as a result of another anaphylactic episode. Due to the
limited information available on the database, we were unable to
distinguish whether the EAI was prescribed due to another
anaphylactic episode or it was simply a regular refill in response to
an approaching expiration date. Fourth, because this study was
based on the universal healthcare coverage system in Japan, the
findingsmay not be applicable to other countries adopting different
health care provision strategies.
Conclusions

The prescription rate for EAIs was relatively low in patients with
severe anaphylaxis in Japan. Primary and emergency care physi-
cians should endeavor to prescribe EAIs to all patients who have
experienced an anaphylactic episode under their care and avoid
delegating the responsibility of prescribing EAIs to other facilities.
This is a critical issue to note as initial prescription of EAIs resulted
in improved regular refill practices.
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