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Purpose: Japanese guidelines recommend that patients with uncontrolled asthma be referred by non-specialists to specialists
(allergists and/or pulmonologists). This study investigated the reality of clinical practice in asthma patients referred to specialists in
Japan.

Patients and Methods: This was a retrospective, observational cohort study of asthma patients in a health insurance claim database
(Cross Fact) referred from facilities with non-specialists to those with specialists from January 2016 to December 2018. The referred
asthma patients were defined as patients with >4 inhaled corticosteroid (ICS)-containing prescriptions during a 1-year baseline period,
with an asthma diagnosis, and who had visited a facility with specialists. Asthma exacerbation, maintenance treatment, laboratory
tests, and medical procedures before and after referral were analyzed.

Results: Data for 2135 patients were extracted, of which 420 with referral codes were analyzed. The proportion of patients with
asthma exacerbations was 50.2% (95% confidence interval [CI]: 45.4-55.1%) before referral and 37.4% (95% CI: 32.7-42.2%) after,
a significant decrease (P<0.001; McNemar test). The proportions of patients prescribed ICS alone, long-acting beta-agonists (LABA),
and ICS/LABA were lower after referral than before, but the proportions of patients prescribed long-acting muscarinic antagonists
(LAMA), ICS/LABA/LAMA, and biologics increased after referral. More asthma-related laboratory tests were performed after
referral, and spirometry incidence increased from 16.4% before referral to 51.4% after referral.

Conclusion: This study shows a decrease in asthma exacerbations, change in asthma treatments, and increase in laboratory tests after
referral to a specialist, suggesting that referrals to specialists lead to better management of asthma.
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Introduction

Asthma is a chronic heterogeneous disease that affects the airways.' Patients with asthma have a history of respiratory
symptoms that vary over time, including wheezing, shortness of breath, coughing, and chest tightness, along with
variable limitations in expiratory airflow.' Worldwide, 0.9-29% of the population suffer from asthma at some point in
their lives.” In Japan, asthma symptoms are recognized as a highly prevalent health problem affecting 9—10% of the adult
population.’

Asthma treatment aims to control the symptoms and reduce the risk of exacerbations, asthma-related mortality,
persistent airflow limitations, and treatment side-effects.' Various treatments, including inhaled corticosteroid (ICS)
monotherapy or ICS/long-acting beta-agonists (LABA) combinations, are available and known to reduce the frequency
of asthma exacerbations; however, they may not fully prevent them.* Patients with asthma exacerbations have an
increased risk of future exacerbations, which may contribute to worsening respiratory function and increasing medical
expenditure.”’ Therefore, patients with uncontrolled asthma need better management to prevent asthma exacerbations,
which may include referral to specialists.
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International guidelines suggest that referrals to specialists may be appropriate in cases of difficult to confirm
diagnosis, suspected occupational asthma, difficult to control, frequent exacerbations, asthma-related death risk, treat-
ment side-effects, sub-types of asthma, complications or for various other reasons in children aged 6-11 years."

To prevent asthma exacerbations and provide better asthma management in Japan, local treatment guidelines for
physicians have also been developed. The Japanese Guidelines for Adult Asthma 2021 recommend referral to
a specialist, such as an allergist and/or pulmonologist, if step-up treatment fails to improve asthma control.® The
Practical Guidelines for Asthma Management 2022 suggest referral to a specialist if: a) asthma is difficult to diagnose
because of non-response to initial asthma treatment; b) there is poor asthma control despite treatment for severe asthma
during the long-term management of asthma; or c) repeated exacerbations or severe acute exacerbations are occurring.”
Specialists commonly evaluate asthma control status, asthma treatment adherence, inhalation technique, comorbidities,
and asthma phenotype/endotype in referred asthma patients and provide appropriate maintenance treatment as recom-
mended in treatment guidelines.®’

In the United States and Israel, studies found that referrals to specialists reduced asthma exacerbations and the use of
systemic steroids.'®!'" However, it is difficult to extrapolate overseas results directly to the clinical setting in Japan,
particularly as there are differences in the medical and insurance systems between Japan and other countries.'? While
there are clear recommendations for which groups of patients should be referred to specialists, there is still little evidence
of the results of referral in the general asthma population. Thus, the reality of clinical practice in asthma patients referred
to specialists in Japan has not been well elucidated.

This study aimed to clarify the reality of asthma exacerbations, asthma treatment, and the asthma-related laboratory
tests of asthma patients who were referred by a physician or self-referred to a facility with specialists in Japan. These
results may confirm the significant benefits of being referred or self-referred for asthma management in patients with
uncontrolled or inadequately controlled asthma.

Materials and Methods

Study Design

This study was a retrospective, observational cohort study using a health insurance claim database (Cross Fact; Intage
Real World Inc., Japan) of asthma patients referred from non-specialists to specialists. Cross Fact is an administrative
database comprising medical and pharmacy claims data for salaried workers and their family members. This database
included around 7 million or more insured persons as of December 2019. In this database, a unique identifier is assigned
to each individual; thus, individuals can be followed up even if they transfer to another institution. The health insurance
claim database used data from employees’ national health insurance, and covers all institutions including diagnosis
procedure combination (DPC) hospitals, which is the claims-based payment system used by numerous large acute care
hospitals in Japan. DPC is a comprehensive daily payment system based on the diagnosis group classification for acute
hospitalization.

The dataset was completely anonymized and contained patient demographic information, inpatient and outpatient
medical and pharmacy claims data, with clinical diagnoses coded under the International Classification of Diseases, 10th
revision (ICD-10) classification, drug prescriptions information coded according to the Anatomical Therapeutic Chemical
(ATC) classification, as well as healthcare procedures. In addition, the facility with which the respiratory specialist and/or
allergist was associated was recorded by the database vendor, with confirmation of the anonymity of individuals, using
information from the website of the Japanese Society of Allergology and the Japanese Respiratory Society, with
permission.'>'*

The study protocol and its amendment were approved by the NPO-MINS Institutional Review Board (Approval
No. 220217 in July 2022). This observational study was performed in accordance with ethical principles consistent with
the Ethical Guidelines for Biomedical Research Involving Human Subjects, the Declaration of Helsinki, and the Japanese
Act on the Protection of Personal Information. Informed consent was waived because the data were anonymized.
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Patients

Data from January 1, 2015, to December 31, 2019, were analyzed. The index date was defined as the first visit date at
a facility with a specialist. Adult asthma patients with visits to a facility with specialists were included if they met all of
the inclusion criteria and did not meet any of the exclusion criteria (Figure 1). Inclusion criteria were: 1) asthma patients
aged >17 years at the index date; 2) patients that could be followed up for 1 year (365 days) before and after the index
date; 3) patients with >4 records of ICS-containing prescriptions ATC code: R03D1, RO3F1) with an asthma diagnosis
from a facility without specialists during the baseline period; and 4) patients with a visit to a facility with specialists.
Patients were excluded if they had been diagnosed with autoimmune disease, multiple sclerosis, or nephrotic syndrome
(see Supplementary Table 1).

Among those asthma patients with a visit to a facility with specialists, physician-referred asthma patients were defined
as those with a referral code (180016110). For each patient, asthma diagnosis and referral were confirmed based on ICD-
10 codes (J45 and J46) and the referral code.

We also recorded the rate of reverse-referred patients in all groups, defined as patients referred from a facility with
specialists to a former facility with non-specialists.

Definitions of Asthma Exacerbation-Related Events

The primary objective was to investigate the proportions of asthma patients with asthma exacerbations before and after
referral in the physician-referred population (Figure 2). The secondary objectives were to investigate the number of
asthma exacerbations, the proportions of patients taking asthma-related treatments by treatment type, and the proportions
of patients with related laboratory tests or medical procedures before and after referral.

Patients were considered to have asthma exacerbation if they met at least one of the following criteria: 1) having
experienced asthma-related hospitalization, defined as any hospitalization with asthma as the main disease; 2) having
received injectable steroids, defined as a record of an injectable steroid prescription with coexistence of an asthma
diagnosis; and/or 3) having received an oral corticosteroid (OCS) burst, defined as a record of an OCS prescription with

Inclusion assessment window
Day [0, 0]

Inclusion criteria
- Asthma patients (=17 years old at index date)
- Patients with visit to facility with specialist

Index date (Day 0)

< >
Baseline period: 1 year before index date Outcome period: 1 year after index date
Inclusion/exclusion assessment window Follow-up window
Day [-364, 0] Day [1, 365]
Inclusion criteria Outcomes

- Patients can be followed up for 1 year

- Patients with 24 records of ICS-containing prescription
(ATC code: R03D1, R0O3F1) with asthma diagnosis
(ICD-10 code: J45, J46) in facility without specialist Exclusion criteria

- Patients diagnosed with autoimmune disease, multiple
sclerosis, or nephrotic syndrome

Inclusion criteria
- Patients can be followed up for 1 year

Exclusion criteria
- Patients diagnosed with autoimmune disease, multiple
sclerosis, or nephrotic syndrome

Figure | Study design.
Abbreviations: ATC, Anatomical Therapeutic Chemical; ICD-10, International Classification of Diseases, 10th revision; ICS, inhaled corticosteroid.
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Patient population with asthma diagnosis in health insurance claim
database (Cross Fact) from Jan 2015 to Dec 2019

¥

Patients with all criteria described below
- 217 years old at index date
- Followed up 1 year (365 days) before and after index date N=2855
- 24 |CS-containing prescriptions with asthma diagnosis
(ICD-10 code: J45, J46) in facility without specialist during baseline period

N=1,725,691

\ 4

Excluded with autoimmune disease N=720

A\ 4

Full analysis population
Patients with/without referral code (180016110) within 1 month N=2135
before index date

v

Physician-referred population
Patients referred from n=420
non-specialists to specialists

J A 4

Physician-referred frequent Self-referred population
exacerbations population  n=148 Patients who initiated n=1715
Referred patients with =2 specialist visit without referral

asthma exacerbations

Figure 2 Analysis populations.
Abbreviations: ICD-10, International Classification of Diseases, |0th revision; ICS, inhaled corticosteroid.

a dose of >20 mg/day or a record of an OCS prescription with a dose increase of >10 mg/day compared with the previous
OCS prescription, with coexistence of an asthma diagnosis.

Patient Demographics and Clinical Variables

The demographic characteristics recorded included age, sex, comorbidities (Quan—Charlson comorbidity index score,
respiratory infection, allergic rhinitis, gastroesophageal reflux disease [GERD], chronic obstructive pulmonary disease
[COPD], diabetes mellitus, chronic paranasal sinusitis, atopic dermatitis, osteoporosis, sleep apnea, pneumonia, psychia-
tric disorder, and cardiovascular disease), facility for asthma treatment (with or without specialist), asthma-related
prescriptions (short-acting beta-agonists [SABA], ICS alone, LABA, long-acting muscarinic antagonists [LAMA],
ICS/LABA, ICS/LABA/LAMA, OCS, LT receptor antagonist [LTRA], theophylline, and biologics), and asthma-
related laboratory tests and medical procedures (spirometry, eosinophil count, total immunoglobulin E [IgE], radio-
allergosorbent test [RAST], fractional exhaled nitric oxide [FeNO], and C-reactive protein [CRP]). High, middle, and low
doses of any ICS were defined as >1600, 800—<1600, and <800 pg per day budesonide equivalent dosage, respectively, in
accordance with both global and Japanese guidelines.'®

Statistical Analysis
The patient demographics and characteristics are summarized descriptively. For categorical variables, the number and the
proportion of patients were calculated. For quantitative variables, the number of patients, mean, and standard deviation
(SD) were calculated.

Patients who met all of the inclusion criteria and did not meet the exclusion criteria were defined as the full analysis
population (FAP) (Figure 2). The physician-referred population consisted of asthma patients in the FAP with a referral
code within 1 month before the index date. Patients in the physician-referred frequent exacerbators population were
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defined as those with referral codes and >2 asthma exacerbations, while patients in the FAP who presented independently
to specialists (ie, with no referral code) were defined as the self-referred population.

The proportions of patients with asthma exacerbations, laboratory tests, and medical procedures before and after
referral were tested by McNemar’s method. For each component of asthma exacerbation, proportions of asthma patients
before and after referral were calculated along with 95% confidence intervals (CIs). The number of asthma exacerbations
before referral was compared with that after referral using the Wilcoxon signed-rank test. The statistical tests were
exploratory and, therefore, were not adjusted for multiplicity. Statistical significance was assessed by two-sided 0=0.05
type I error. All analyses were conducted in SAS Viya version 3.5 (SAS Institute Inc., Cary, North Carolina).

Results

Cohorts and Patient Characteristics

Approximately 1.7 million asthma patients were included in the database between 2015 and 2019 (Figure 2). The FAP
included 2135 asthma patients, of whom 420 were physician-referred to specialists and 1715 were self-referred. A total
of 148 patients in the physician-referred population had >2 asthma exacerbations (physician-referred frequent
exacerbators).

In the physician-referred population, 226 patients (53.8%) were female and the mean (SD) age was 47.8 (12.4) years
(Table 1). The mean (SD) Quan—Charlson comorbidity index score was 3.0 (2.3). The common comorbidities (>10% in
prevalence) were allergic rhinitis (79.3%), respiratory infection (60.7%), pneumonia (46.9%), GERD (35.2%), diabetes
mellitus (34.1%), COPD (30.7%), chronic paranasal sinusitis (29.8%), cardiovascular disease (23.8%), psychiatric
disorder (20.5%), and sleep apnea (20.2%). Patient characteristics of the FAP and subpopulations are shown in
Supplementary Table 2.

Asthma Exacerbations Before and After Referral
In the physician-referred population, significantly fewer patients had asthma exacerbations in the outcome period (37.4%
[95% CI: 32.7-42.2%)] than in the baseline period (50.2% [95% CI: 45.4-55.1%]; P<0.001; McNemar test) (Figure 3).

Table | Patient Demographics and Characteristics of the Physician-Referred Population

Physician-Referred
(n=420)
Sex
Female 226 (53.8)
Age, years® 47.8 [12.4]
240 years 312 (74.3)
Comorbidity®
Quan—Charlson comorbidity index score 3.0 [2.3]
Allergic rhinitis 333 (79.3)
Respiratory infection 255 (60.7)
Pneumonia 197 (46.9)
Gastroesophageal reflux disease 148 (35.2)
Diabetes mellitus 143 (34.1)
Chronic obstructive pulmonary disease 129 (30.7)
Chronic paranasal sinusitis 125 (29.8)
Cardiovascular disease (myocardial infarction, stroke, heart failure) 100 (23.8)
Psychiatric disorder (depression, anxiety) 86 (20.5)
Sleep apnea 85 (20.2)
Atopic dermatitis 29 (6.9)
Osteoporosis 23 (5.5)

Notes: Data are n (%) or mean [standard deviation]. *Age at index date. "Comorbidities before or on the index
date. The counts duplicated among comorbidities.
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Figure 3 Proportion of asthma patients with asthma exacerbation before/after referral in asthma patients referred from non-specialist to specialist in the physician-referred
population.
Notes: P-value of two-sided McNemar test in exploratory evaluation. Error bars denote 95% confidence intervals.

In the physician-referred population, there was a numerical decrease from before to after referral to specialists in the
proportion of patients with asthma-related hospitalization (8.3% [95% CI: 5.9-11.4%] vs 6.7% [95% CI: 4.5-9.5%];
P=0.354) and receiving OCS bursts (25.0% [95% CI: 20.9-29.4%] vs 21.4% [95% CI: 17.6-25.7%]; P=0.158); however,
this difference was only significant for those receiving injectable steroids (35.2% [95% CI: 30.7—40.0%] vs 26.7% [95%
CI: 22.5-31.2%]; P=0.002; McNemar test) (Figure 3).

The respective proportions of patients with 0, 1, 2, 3, or >4 asthma exacerbations were 49.8%, 26.7%, 9.5%, 4.5%,
and 9.5% in the baseline period, and 62.6%, 17.4%, 7.1%, 3.8%, and 9.1% in the outcome period in the physician-
referred population (Supplementary Table 3). This represented a significant decrease in the number of exacerbations

between the two periods (P=0.012; Wilcoxon signed-rank test).

Asthma-Related Treatment, Laboratory Tests, and Medical Procedures Before and
After Referral

In the physician-referred population, significantly fewer patients were prescribed ICS alone (baseline period vs outcome
period: 21.0% vs 14.5%), LABA (19.3% vs 9.8%), ICS/LABA (92.9% vs 82.4%), LTRA (75.2% vs 65.5%), or
theophylline (42.1% vs 26.0%; all P<0.001; McNemar test) in the outcome period (Table 2) compared with the baseline
period. Conversely, significantly more patients were prescribed LAMA (9.5% vs 14.1%; P=0.004), ICS/LABA/LAMA
(0.0% vs 1.2%; P=0.025), and biologics (0.7% vs 2.1%; P=0.014; McNemar test) in the outcome period compared with
the baseline period. In the physician-referred population, prescription of any ICS (high dose 56.7% vs 42.9%, middle
dose 28.8% vs 23.3%, low dose 11.3% vs 19.3%) was not significantly changed in the outcome period (Table 2)
compared with the baseline period. However, patients with no ICS prescription comprised 11.3% of the population in the
outcome period.

SABA (46.7% vs 31.4%) and OCS (43.3% vs 32.6%) were prescribed to fewer physician-referred patients in the
outcome period compared with the baseline period (all P<0.001; McNemar test) (Table 2). The proportion of patients
receiving maintenance OCS was 1.2% in the baseline period and 2.4% in the outcome period in the physician-referred
population (P=0.025; McNemar test) (Table 2). The increase in the proportion of patients receiving maintenance OCS
was not consistent with the decrease in the proportion of patients with exacerbations. Furthermore, the proportion of
patients receiving a biologic was extraordinarily low in the baseline period.
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Table 2 Prescription of Asthma Treatment Before/After Referral in Asthma

Patients Referred from Non-Specialist to Specialist in the Physician-Referred

Population
Physician-Referred (n=420)
Baseline Period Outcome Period | P-value®
Drug for asthma
SABA 196, 46.7 (41.8-51.6) | 132,31.4 (27.0-36.1) <0.001
ICS alone 88,21.0 (17.2-252) | 61, 145 (11.3-18.3) <0.001
LABA 81, 19.3 (15.6-23.4) 41, 9.8 (7.1-13.0) <0.001
LAMA 40, 9.5 (6.9-12.7) 59, 14.1 (10.9-17.7) 0.004
ICS/LABA 390, 92.9 (90.0-95.1) | 346, 82.4 (78.4-85.9) <0.001
ICS/LABA/LAMA 0, 0.0 (0.0-0.9) 5, 1.2 (0.4-2.8) 0.025
ocCs 182, 43.3 (38.5-48.2) | 137, 32.6 (28.2-37.3) <0.001
LTRA 316,752 (70.8-79.3) | 275, 65.5 (60.7-70.0) <0.001
Theophylline 177,42.1 (37.4-47.0) | 109, 26.0 (21.8-30.4) <0.001
Biologics 3,0.7 (0.2-2.1) 9, 2.1 (1.04.0) 0.014
OCS prescription
Maintenance OCS 5, 1.2 (0.4-2.8) 10, 2.4 (1.2-4.3) 0.025
Any ICS prescription
High dose 238,56.7 (51.8-61.5) | 180, 42.9 (38.1-47.8) NA
Middle dose 121, 28.8 (24.5-33.4) | 98, 23.3 (19.4-27.7) NA
Low dose 61, 14.5 (11.3-18.3) | 81, 19.3 (15.6-23.4) NA

Notes: Data are n, % (95% Cl). *Two-sided P-value of McNemar test in exploratory evaluation.
Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; LAMA, long-acting
muscarinic antagonist; LTRA, LT receptor antagonist; NA, not applicable; OCS, oral corticoster-
oid; SABA, short-acting beta-agonist.

The proportions of patients (baseline period vs outcome period) receiving laboratory tests and medical procedures
were as follows: spirometry, 16.4% vs 51.4%; eosinophil count, 40.5% vs 60.7%; total IgE, 16.0% vs 43.1%; RAST,
13.8% vs 31.2%; FeNO, 10.0% vs 38.6%; and CRP, 48.1% vs 74.3% (Table 3). These were all significantly higher in the
outcome period than in the baseline period (all P<0.001; McNemar test).

Table 3 Presence of Laboratory Tests and Medical Procedures Before/

After Referral in Asthma Patients Referred from Non-Specialist to

Specialist in the Physician-Referred Population

Physician-Referred (n=420)
Baseline Period Outcome Period P-value®

Spirometry 69, 16.4 (13.0-20.3) | 216, 51.4 (46.5-56.3) <0.001
Spirometry, n (%)

0 351 (83.6) 204 (48.6)

| 7(1.7) Il (2.6)

2 44 (10.5) 123 (29.3)

3 2 (0.5) 13 (3.1)

24 16 (3.8) 69 (16.4)
Eosinophil count 170, 40.5 (35.7-45.3) | 255, 60.7 (55.9-65.4) <0.001
Total IgE 67, 16.0 (12.6-19.8) | 181, 43.1 (38.3-48.0) <0.001
RAST 58, 13.8 (10.7-17.5) | 131, 31.2 (26.8-35.9) <0.001
FeNO 42, 10.0 (7.3-13.3) 162, 38.6 (33.9—43.4) <0.001
C-reactive protein | 202, 48.1 (43.2-53.0) | 312, 74.3 (69.8-78.4) <0.001

Notes: Data are n, % (95% Cl) unless otherwise stated. “Two-sided P-value of McNemar test in

exploratory evaluation.

Abbreviations: FeNO, fractional exhaled nitric oxide; IgE, immunoglobulin E; RAST, radio-

allergosorbent test.
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Asthma Exacerbations
In the physician-referred frequent exacerbators population, the proportion of patients with asthma exacerbations was
100% in the baseline period and 59.5% in the outcome period (Supplementary Table 4). In this group, the occurrence of

hospitalization, receiving injectable steroids, and receiving an OCS burst were numerically low after referral to
a specialist, and the relative difference (baseline period vs outcome period) was greater than that in the physician-
referred population.

In the patient population who self-referred, the proportion of patients with asthma exacerbations was 41.3% in the
baseline period and 30.4% in the outcome period (Supplementary Table 5). The proportions of patients with asthma-

related hospitalization, receiving injectable steroids, and receiving OCS bursts were lower in the outcome period.
In all subpopulations, the proportions of patients with laboratory tests were higher in the outcome period and the
treatment drugs were changed similarly (Supplementary Tables 6-9).

Reverse Referral
The proportions of reverse-referred patients were 62.9% in the physician-referred population, 55.4% in physician-

referred frequent exacerbators, and 39.5% in self-referred patients (Supplementary Table 10). In the physician-referred

population, there were more reverse referrals from DPC system hospitals' than non-DPC hospitals (67.2% vs 47.9%)
and from hospitals with >20 beds than those with <20 beds (67.3% vs 35.2%).

Discussion

To the best of our knowledge, this is the first study to clarify asthma exacerbations, asthma-related treatment, and
laboratory tests before and after specialist referral in Japan. In the physician-referred population, the proportion of
patients with asthma exacerbation was significantly lower after referral to a specialist (37.4%) than before (50.2%).
Referral to specialists led to improvements in asthma exacerbation-related outcomes in this study. Moreover, a change of
asthma-related treatment and greater execution of asthma-related laboratory tests were observed after referral. These
findings may indicate the benefit of referring Japanese asthma patients to specialists.

Overall, the sex and age distribution of patients in this study were generally consistent with previous reports.'®!”
However, the distribution of comorbidities of the referred patients in this study was higher than in those previous
reports.'®!” It is possible that these patients were referred not only for managing asthma but also for managing
complications. The proportion of asthma exacerbations (composite) was significantly decreased (P<0.001) after referral.
Similarly, real-world studies in the United States'® and Israel'' also showed that the proportion of patients with asthma
exacerbations decreased after referral to specialists. In each component of asthma exacerbation, injectable steroid use was
significantly decreased in this study (P=0.002). The administration of OCS burst and frequency of asthma-related
hospitalization decreased numerically but not significantly (P=0.158 and P=0.354, respectively) in this study. It may
be surmised that an OCS burst may be associated with decreased asthma-related hospitalization.

In addition to the proportions of patients with asthma exacerbations, the proportions of patients stratified by the number of
asthma exacerbations (composite; 0, 1, 2, 3, or >4) also were significantly different after referral (P=0.012). Consistent results
were shown in this study population for a decrease in the proportion of patients experiencing asthma exacerbations and the
number of asthma exacerbations after referral. The number of asthma exacerbations decreased significantly after referral to
a specialist; in particular, the proportion of patients with 1 asthma exacerbation decreased numerically. However, the proportion
of patients with >4 asthma exacerbations was similar before and after referral, suggesting that some patients could not decrease
their exacerbations even after being referred to a specialist. This may be because the asthma was difficult to control during the
1-year outcome period after referral because of the severity, the characteristics of the patient, treatment adherence, or
complications.

In the physician-referred frequent exacerbators population, the proportion of asthma exacerbations decreased from
100% to 59.5% after referral. This was consistent with the overall physician-referred population, and the extent of the

asthma exacerbation decrease was more prominent.
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The asthma-related medications used changed after referral to a specialist. Prescriptions for ICS alone, LABA,
ICS/LABA, LTRA, and theophylline decreased, but prescriptions for medications often used in severe cases,
including LAMA and biologics, increased. To improve treatment outcomes, specialists could take a “treatable
traits” approach, wherein they focus on treatment adherence management, inhalation technique confirmation,
treatment monitoring with asthma-related tests evaluating airflow limitation and type 2 inflammation, and manage-
ment of comorbidities.® This approach might lead to more appropriate drug selection and dosage. Specialists
might cut back on some excessive treatments and add other treatments, including LAMA and biologics, for
patients with more severe asthma. The proportions of patients with prescriptions for OCS and SABA for
exacerbations also decreased after referral in this study, similar to a previous study.'® In clinical practice, referral
to a specialist might result in a decrease in asthma attacks requiring OCS and SABA.

The proportions of patients receiving some laboratory assessments were significantly higher in the outcome
period than in the baseline period. Spirometry, eosinophil count, and FeNO are important details for the manage-
ment of asthma.'®® Spirometry is an objective index for examining the degree of airflow limitation and is useful
for monitoring asthma.'”'® Blood eosinophil and FeNO are important biomarkers for type 2 inflammation in
asthma.'®?? Assessing and monitoring the treatable traits of airflow limitation and type 2 inflammation reduce
exacerbation risk and improve asthma control.”® This assessment and monitoring could contribute to treatment
adherence management, inhalation technique improvement, management of comorbidities, and improvement of
outcomes. Nonetheless, laboratory tests were only conducted for 40—-60% of referred patients. This may be
attributable to the pre-referral test results being used as a reference. More asthma-related laboratory tests were
performed after referral to a specialist compared with before referral, and these test results were checked to
implement appropriate asthma management and asthma treatment necessary for severe asthma patients.

The proportions of reverse-referred patients were higher in DPC hospitals than in non-DPC hospitals and in facilities
with >20 beds than facilities with <20 beds. In DPC hospitals and larger hospitals, reverse referral is generally
recommended, which may be the reason more patients had reverse referrals.”* The advantage of referral to a specialist
is that the patient is more likely to be reverse-referred, which may lead to optimization of medical resources in asthma
treatment.”* These results suggest the importance of hospital collaboration through referrals.

The proportion of reverse-referred patients was higher in the overall physician-referred population than in the
physician-referred frequent exacerbators population (Supplementary Table 10). It may be that the proportion of

reverse referral in physician-referred frequent exacerbators was less than in the overall physician-referred popula-
tion because the physician-referred frequent exacerbators population comprised less well-controlled asthma
patients who might need continuous specialist care. In self-referred patients, the rate of reverse referral was
lower than in the other groups. In these patients, visiting a facility with a specialist after attending a facility
without a specialist was based on patient decision. The specialists may have difficulty reverse-referring a self-
referred patient to a former facility with non-specialists with patients who are not adequately treated. To increase
the rate of reverse referral, non-specialists should consider referring patients to a specialist via a referral letter.
This study had some limitations. First, there were no patient-reported or medical record data. Thus, the actual symptoms
and asthma control status may have been inaccurate. Second, the majority of patients included in this claims database were
working-age individuals, and elderly patients may be under-represented. Therefore, our results cannot be applied to the
elderly population. Third, there was a gap between the period when specialists were flagged, and the period used for analysis.
Fourth, the reason for referral might not have necessarily been asthma. In this study, to increase the accuracy for referral by
asthma, referred patients were defined as those with a visit to a facility with a specialist and with an asthma diagnosis.

Conclusion

This is the first study in Japan to clarify asthma exacerbation, asthma-related treatments, and laboratory tests before and
after physician- or self-referral to a specialist. Our findings showed a decrease in asthma exacerbations, change in asthma
treatments, and increases in laboratory tests following referral or self-referral to a specialist, suggesting that both
physician-referral and self-referral to a specialist lead to better management of asthma.
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