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Abstract

Background: Burden of severe eosinophilic asthma (SEA) data in Asia are limited.

Objective: This retrospective, observational study characterized SEA epidemiology, healthcare resource use (HCRU) 
and costs for adult patients in Taiwan.

Methods: Data from Taichung Veterans General Hospital electronic medical record database, between 2013 to 2016, 
were extracted. Eligible general asthma patients were ≥ 18 years at index date, with ≥ 1 medical claim with an asthma 
diagnosis after the index date. Patients with SEA (meeting additional criteria: Global Initiative for Asthma Step 4/5 
treatment guidelines [within 3 months preceding index date], ≥ 2 clinically significant exacerbations, and eosinophil 
counts ≥ 300 cells/µL [within 12 months preceding index date] or ≥ 150 cells/µL [on index date]) and SEA patients 
using high-dose inhaled corticosteroids (HD ICS) were also identified. Twelve months’ pre-index data were used to 
evaluate exacerbation frequency, treatment patterns, HCRU, and costs (2016 US Dollars). 

Results: Of 2,601 eligible general asthmatic patients, 162 (6.2%) met predefined criteria for SEA; of SEA patients, 
72/162 (44.4%) had used HD ICS. SEA and HD ICS SEA patients experienced more clinically significant exacerbations 
than general asthma patients (1.6 ± 3.3 and 1.5 ± 2.6 vs 0.6 ± 2.0, p < 0.01). HD ICS SEA and SEA patients incurred 
at least 2–2.5-fold higher total asthma-related and all-cause costs than general asthma patients and had significantly 
greater HCRU.

Conclusions: Of eligible Taiwanese general asthma patients, 6.2% met predefined SEA criteria. Compared with general 
asthma patients, SEA and HD ICS SEA patients used more respiratory medications, experienced more exacerbations, 
and incurred greater HCRU and higher costs.
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Introduction
Most asthma cases are controlled with available medica-

tion or stepped up if they remain uncontrolled. For patients 
with Severe Asthma (SA), however, most still have poor asth-
ma control, persistent airflow limitation, and frequent severe 
exacerbations.1,2 

Estimates, predominantly from Western countries, indi-
cate low prevalence of SA (5–10%),1 however, this group con-
tributes to disproportionally high health-care resource use

(HCRU, ~50%) due to treatment of frequent acute exacerba-
tions.3 Compared with controlled asthma, uncontrolled dis-
ease imposes substantial direct and indirect costs through 
lost working days,4 increased total and asthma-related health-
care costs,5,6 decreased health-related quality of life,7,8 and in-
creased risk of death.9 As current therapies do not adequately 
control symptoms for all patients with SA, there is an unmet 
need for therapeutic options to reduce SA-related morbidity 
and mortality.
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Study procedures and evaluations 
See Appendix S1 for further details.

Demographics and clinical characteristics
These were described for patients at study index date.

Exacerbations
Clinically significant asthma exacerbations were re-

corded during the 12-month follow-up period (inclusive 
of index date) and were defined as an asthma-related ED 
visitor hospital admission, or an exacerbation treated with 
OCS.

Asthma medication
Asthma medication exposure, including pattern of 

medication use, adherence, and OCS average daily dose, 
were defined as:

Medication use: The distribution of patients pre-
scribed ≥ 1 asthma medications over the 12-month 
index period were summarized. 
Medication adherence: Adherence to controller 
therapy at index date was assessed over 365 days 
using proportion of days covered (PDC). 
OCS average daily dose: The average daily dose for 
OCS was described for OCS episodes (defined as 
a sequence of OCS claims that occurred ≤ 7 days 
apart. 

Healthcare resource use
Asthma-related HCRU data (encompassing medical 

claims with an asthma diagnosis in the primary position) 
were examined during the 12-month follow-up period 
(inclusive of index date). Frequency of out-patient depart-
ment (OPD) visits, ED visits, hospitalizations (≥ 1 day to 
distinguish from patients who received diagnostic services 
or procedures), average length of stay, and intensive care 
unit (ICU) admission (Yes/No) were analyzed. 

All-cause and asthma-related healthcare costs
Healthcare costs comprised all medical fees (medica-

tion, examination, surgeries, inpatient hospital admissions, 
OPD, ER, wards, etc.) charged to the patient. 

Statistical analysis
For medication adherence, PDC was multiplied by 100 to 

yield a percentage and categorized as high (> 80%), medium 
(80% ≥ PDC ≥ 50%), low (50% > PDC ≥ 30%), and very low 
(< 30%) based on published literature.15,16

For HCRU, frequency rates (number of events/person/
year) were evaluated. For economic endpoints, asthma-related 
healthcare costs paid to providers were computed per patient 
annually and applied to costs of hospitalization, OPD visits, 
and ED visits. Costs were standardized and reported in 2016 
US dollars using the Medical Care Consumer Price Index. A 
non-parametric bootstrap procedure was used to carry out 
statistical inference and determine p-values for the cost dif-
ference between exposure groups (see Appendix S1 for boot-
strapping algorithm).

Severe eosinophilic asthma (SEA), associated with elevat-
ed blood and sputum eosinophil counts,1,10,11 and severe aller-
gic (immunoglobulin [Ig]E-mediated) asthma (SAA), are SA 
phenotypes that can overlap leading to overlap in treatment 
eligibility.12 Clinical characterization of SEA patients, and ex-
amination of their associated HCRU, has been conducted in 
Western countries but are poorly described in Asia. This study 
aimed to characterize the epidemiology and clinical char-
acteristics of adult patients with SEA in Taiwan, to describe 
dispensed medications, HCRU and associated asthma-related 
and all-cause costs.

Methods
Objectives

To estimate the prevalence of asthmatic patients in Tai-
wan meeting SEA criteria, describe patient demographics, 
clinical characteristics, respiratory medication use, and quan-
tify HCRU and costs (all-cause and asthma-related) over 
12-months. 

Study design 
This retrospective population study utilized data from July 

1st, 2013 through June 30th, 2016, obtained from the Taichung 
Veterans General Hospital (VGHTC) electronic medical re-
cord (EMR) database (see Appendix S1). The VGHTC is a 
large tertiary center with up to 190 million outpatient visits 
annually and a high proportion of returning patients. Exac-
erbation frequency, treatment patterns and HCRU/costs were 
assessed post-index period (index was defined as the date 
with the first confirmed diagnosis of asthma after July 1st, 
2014; Figure S1). 

 
Patient Cohort Identification 

Included patients were: ≥ 18 years at index date, with a re-
cord of ≥ 1 medical claim with an asthma diagnosis (Inter-
national Classification of Diseases-9: 493.xx; -10: J45 or J46, 
see Appendix S1) after July 1st, 2014, minimum of 12 months’ 
medical data available before (baseline) and after (follow-up) 
the index date for a total of 24 months. Patients with chronic 
obstructive pulmonary disease (COPD) and smokers were not 
excluded (see Appendix S1). 

Patients were further classified as having SEA if they: met 
the criteria for GINA Step 4 or 5 treatment guidelines13 in 
the 3 months prior to index date, had ≥ 2 clinically signifi-
cant exacerbations in the 12 months prior to index date, and 
had ≥ 1 blood eosinophil count (BEC) result of ≥ 300 cells/
µL (steady state or exacerbated state) in the 12 months pri-
or to index date, OR ≥ 150 cells/µL measured on index date. 
Patients meeting SEA criteria were stratified by the following 
BEC ranges: < 150, 150–300, > 300–400, and > 400 cells/µL. 
As there is currently no gold standard for defining eosinophil-
ic asthma severity,14 different cut-offs were explored to define 
SEA and to determine the corresponding effect on the preva-
lence.

A subset of SEA population who had ever been treated 
with HD ICS was also extracted and analyzed. 

Patients meeting the SEA criteria were additionally classi-
fied based on the number of exacerbations and their use of 
oral corticosteroid (OCS). 
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Economic outcomes, demographics and clinical character-
istics were summarized by descriptive statistics (n and mean ± 
standard deviation (SD) for continuous parameters, and fre-
quency and percentage for categorical parameters).

Statistical analyses were performed for SEA, and HD ICS 
SEA, vs general asthma populations; p < 0.05 was considered 
statistically significant. Continuous variables were analyzed 
using t-test and categorical variables using Chi-square test. All 
analyses were conducted using SAS version 9.4. This was a de-
scriptive epidemiologic study therefore no controlling for con-
founding, sample size or power/precision calculations were 
performed. Missing values were not imputed. Data cleaning 
methods were not required.

Ethics Approval and Consent to Participate
This observational study complied with the principles laid 

down by the 64th World Medical Assembly (Helsinki, 2013). 
The study was conducted in accordance with legal and regu-
latory requirements/guidelines, as well as with scientific pur-
pose, value and rigor; and followed generally accepted re-
search practices.

Informed consent was not required in this retrospective 
study using the VGHTC database since these anonymized 
data were approved for the use in observational research and 
the study did not involve the contact with patients. This study 
complied with all applicable laws regarding subject privacy. 
The study posed minimal privacy risk for patients and had 
been approved by the Institutional Review Board of VGHTC 
(IRB code: SF16245B). 

Figure 1. Patient flow diagram
a asthma patients meeting criteria 1–3; b SEA patients meeting criteria 1–6; 
ICS, inhaled corticosteroids; SEA, severe eosinophilic asthma; VGHTC, Taic-
hung Veterans General Hospital.

9,455 asthma patients identified 
in the VGHTC database 

from July 1st, 2014 to June 30th, 2016

2,601 (27.5%) eligible asthma patientsa

162 (1.7%) eligible SEA patientsb

72 (0.8%) SEA patients using high-dose ICS

Did not meet inclusion criteria 6,854

Did not meet SEA criteria 2,439

Did not meet HD-ICS SEA criteria 90

Results
Baseline patient demographics and clinical characteristics 

Of 9,455 patients with asthma diagnosis codes, 2,601/9,455 
(27.5%) met the inclusion criteria; 162/2,601 (6.2%) met SEA 
criteria and among these, 72/162 patients (44.4%) had used 
HD ICS (Figure 1). Mean age was comparable between the 
populations, and most patients were aged ≥ 50 years. SEA and 
general asthma patients had comparable BMI scores, while 
HD ICS SEA patients had a significantly higher BMI com-
pared with general asthma patients (p < 0.05). Most patients 
from all populations had total IgE levels of > 30 and < 1300 
IU/mL (Table 1). 

A significantly greater proportion of HD ICS SEA and 
SEA patients were female compared with general asthma pa-
tients (56.9% and 51.9%, respectively vs 40.8%; p < 0.01), had 
atopy and had more comorbidities; HD ICS SEA and SEA 
populations also included higher proportions of patients who 
were current or had ever been smokers. On the index date, 
BECs of ≥ 300 cells/μL were recorded for 58.0% of SEA pa-
tients vs 52.7% HD ICS SEA patients vs 14.7% general asth-
ma patients (Table 1). Findings for the BEC subgroups of SEA 
patients are reported in Appendix S2.

Exacerbations
In the 12-month follow-up period, the mean number of 

exacerbations was significantly higher for HD ICS SEA and 
SEA vs general asthma patients: 1.5 ± 2.59 and 1.6 ± 3.32 vs 
0.6 ± 2.02, respectively (Table 2). 

Proportions of SEA and HD ICS SEA patients experienc-
ing 1–2, 3, or ≥ 4 exacerbations were at least 2-fold greater 
compared with general asthma patients (p < 0.0001; Table 
2). Proportions of patients who experienced exacerbations 
requiring hospitalization or an ED visit were highest for HD 
ICS SEA patients, while those who used OCS was highest for 
the general asthma population (Table 2).

Utilization of respiratory medications
The respiratory medications coverage rate in the 12-month 

follow-up period was significantly higher for HD ICS SEA 
and SEA vs general asthma patients, with 2- to 3-fold great-
er use for many medication classes, including LAMA, SABA, 
theophylline and tiotropium (Table 3). Overall, a fixed-dose 
ICS + LABA combination was the most commonly used med-
ication, and was used by all HD ICS SEA, 94.4% of SEA vs 
57.6% of general asthma patients (Table 3). 

In the SEA and HD ICS SEA populations, proportions 
of patients receiving omalizumab was low, but significant-
ly greater than for general asthma patients (6.2% and 9.7% 
vs 2.3%, respectively). At least 2-fold more SEA and HD ICS 
SEA patients than general asthma patients used systemic cor-
ticosteroids (14.8% vs 16.7% vs 6.4%, respectively, Table 3).

When classified based on exacerbations and OCS use, the 
number of SEA patients with 6 months’ continuous use of 
OCS was low across subpopulations (see Appendix S2). 
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Figure 2. Asthma-related and all-cause medical costs in the 12-month follow-up period
A. Asthma-related costs in HD ICS SEA, SEA and general asthma populations
B. Asthma-related costs in SEA population stratified by eosinophil level
C. All-cause medical costs in HD ICS SEA, SEA and general asthma populations
D. All-cause medical costs in SEA population stratified by eosinophil level
Costs were estimated by bootstrapping method using 1000 replicates. * p value < 0.05, ** < 0.01 and *** < 0.001. ED, emergency department; HD ICS, high-dose 
inhaled corticosteroids; OPD, outpatient department; SD, standard deviation; SEA, severe eosinophilic asthma; USD, United States Dollars
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Adherence to respiratory medications
Mean overall PDC, for aggregated respiratory medications, 

and for most specific medications, was comparable between 
SEA and general asthma patients and higher for HD ICS SEA 
patients in the 12-month follow up period (Table 3). The 
greatest proportion of patients with a PDC level ≥ 80%, was 
observed in HD ICS SEA patients (HD ICS SEA vs SEA vs 
general asthma: 61.1% vs 52.2% vs 52.1%; Table 3).

Healthcare resource use and costs
There were significantly more asthma-related ED visits, 

but not OPD visits, for both SEA and HD ICS SEA popula-
tions vs the general asthma population in the 12-month fol-
low up period (p < 0.01). SEA and HD ICS SEA patients also 
had significantly higher asthma-related hospitalizations and 
ICU admissions. Asthma-related length of stay, and all-cause 
length of stay was significantly longer by at least 3-fold for 
these patients vs general asthma patients (p < 0.05; Table 4). 

Asthma-related and all-cause costs
The HD ICS SEA and SEA populations incurred signifi-

cantly greater asthma-related costs for each healthcare cate-
gory vs the general asthma population; total asthma-related 
costs were also higher by at least 2.5-fold for these patient 
populations. OPD costs were the primary driver of total costs 
(Figure 2A). Significantly greater all-cause costs (2–3 fold) 
across all healthcare categories were also incurred by HD ICS 
SEA and SEA populations vs the general asthma population; 
total all-cause costs were $8812.6 and $6517.8 vs $2782.8, re-
spectively. OPD costs were the primary driver of total costs 
(Figure 2C). 

There was variation in HCRU and costs between the BEC 
subgroups of SEA patients (Appendix S2). 

greater mean HCRU and direct asthma-related costs for each 
HCRU-related category vs the main active-asthma population. 
In the US, higher asthma-related costs have also been associ-
ated with elevated eosinophil levels.19 In our study we found 
asthma-related costs, for all HCRU categories, were substan-
tially higher (over 2-fold) for the HD ICS SEA and SEA pa-
tient populations, vs the general asthma population, but we 
did not see trends in increasing HCRU and associated costs 
with increasing eosinophil level within the SEA population, 
in contrast to other data.17 A comparison of absolute asth-
ma-related costs is difficult to make between countries due 
to socioeconomic differences and differences in healthcare 
systems. However, regarding relative costs, a systematic litera-
ture review of economic burden of asthma in 68 studies found 
hospitalization and medication costs were the most important 
drivers of direct costs,20 while we found OPD costs to be the 
main driver. In our study, there were limited episodes of asth-
ma-related hospitalization occurring during the 12-month fol-
low-up period (SEA patients had 0.3 ± 0.14 days/patient-year 
of hospitalization due to asthma, as shown in Table 4). This 
is in-line with our expectation as patients treated at tertiary 
medical centres are given specialized and intensive care to 
keep symptoms under control; this was reflected in the greater 
utilization of OPD services (4.7 ± 0.48 times/patient-year for 
SEA patients) which resulted in greater healthcare resource 
use on OPD visits and medication. 

Respiratory medication coverage rates were higher for SEA 
vs general asthma patients by 2- to 3-fold; however, adherence 
to overall respiratory medications was comparable (~67%), 
and higher in HD ICS SEA patients (73.7%); these values are 
considered high based on studies examining the compliance 
rate of asthma patients (55%)15 and the adherence rate of pa-
tients with SA (28–67%).21 Of note, our overall medication 
adherence for SEA and HD ICS SEA patients based on PDC ≥ 
80% was broadly similar to that demonstrated previously for 
long-term oral and inhaled controller medication in a patient 
population with SA (58.3%).22 Despite high medication cov-
erage rates, we found approximately half of SEA and HD ICS 
SEA patients continued to experience exacerbations. Consid-
ering the high overall medication adherence results, the likeli-
hood that the asthma of SEA or HD ICS SEA patients in our 
study would be categorized as difficult-to-treat rather than re-
fractory7 due to poor adherence is therefore low. We also as-
sessed comorbidities and modifiable risk factors in the study 
and found that this was higher in SEA vs. general asthma 
population. Though SEA patients were more frequently pre-
scribed with SABA vs. general asthma patients (Table 3), the 
rate of PDC was not different between SEA and general asth-
ma patients (Appendix S2). The persistence of exacerbations 
in these patient populations is therefore more likely indicative 
of suboptimal disease control with current treatments. As per 
GINA guidelines for the diagnosis and management of asth-
ma, severe asthma is asthma that is poorly controlled despite 
being managed with GINA Step 4–5 treatment, good adher-
ence and good inhaler techniques.23 As patients in our study 
fulfilled these criteria, and the majority of the patients had 
access to inhaler training, we believed most of the patients 
we recruited had severe asthma rather than difficult-to-treat 
asthma. 

Discussion
Real-world evidence describing patients with SEA and 

their associated HCRU is limited in Asia. We found 6.2% of 
patients met predefined criteria for SEA; 44.4% of these had 
used HD ICS therapy. SEA and HD ICS SEA patients experi-
enced a higher number of exacerbations than general asthma 
patients despite greater medication usage, and accounted for 
higher asthma-related and all-cause HCRU and costs. 

HD ICS SEA and SEA patients in Taiwan were similar in 
age to general asthma patients and more likely to be female, 
contrasting with a UK SEA population who were more like-
ly to be older than the main study population and for which 
similar proportions of female patients were found.17 In the SA 
Research Program however, female patients were also more 
likely to have SEA.18 Consistent with the UK study, Taiwanese 
SEA and HD ICS SEA patients had more comorbidities and 
atopy.17 

Epidemiological and HCRU data on SEA patients is avail-
able from Western studies. Kerkhof et al (2018) reported that 
10% of UK patients with active asthma were prescribed HD 
ICS/LABA - greater than the proportion we identified. Pa-
tients with SEA (defined similarly to our study as ≥ 2 exac-
erbations in the baseline year and a BEC of ≥ 0.3 × 109/L at 
index date; n = 2940, 0.8%) also accounted for 2.5–7.6-times 
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Conclusion
Our results indicate an unmet need for effective treat-

ments for patients classified with SEA in Taiwan; these pa-
tients account for substantially greater asthma-related HCRU 
and all-cause medical costs than general asthma patients. 
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We found few SEA patients were using omalizumab. A 
retrospective, population-based cohort study using Taiwan 
National Health Insurance data also reported low coverage of 
omalizumab (0.4% SAA patients in 2011), despite associated 
reductions in number of asthma medications, exacerbations 
and ED visits.24 In Korean SA patients, omalizumab was found 
to be used in just 1.8%, although this only represents private 
use.25 Low biologic utilization may be due to healthcare reim-
bursement factors,25 associated costs that may hinder prescrip-
tion of biologics by physicians, reservation of omalizumab for 
patients specifically with SAA, or to patients’ treatment with 
multiple non-biologic medications and/or non-evident clinical 
benefits over contemporary maintenance inhaler treatments.26

This is the first study in Taiwan assessing epidemiology 
and burden of SEA and provides needed real-world, and eth-
nic data on SEA in an adult, Chinese population. Although 
clinical databases can be associated with data quality issues 
and missing variables, the use of the VGHTC research-ready 
database27 may minimize this as it contains a combination of 
EMR and claims data. Our study has some limitations. Pa-
tients with COPD were not excluded, limiting homogeneity of 
the study population, and patient numbers in the subgroups 
of SEA patients stratified by BEC were small, limiting com-
parisons between groups. This research was conducted in a 
single, though large medical center in Central Taiwan, which 
could limit external generalizability. However, cost data are 
expected to be broadly representative of other centers in Tai-
wan, as prescription patterns and quality of care should be 
standardized between centers. A further limitation is immor-
tal-time bias, as data for patients who may have died within 
12 months after the index date would have been excluded 
from the study. Lastly, because data from the VGHTC EMR 
database were not originally collected to answer research 
questions, misclassification bias can occur.
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Appendix S1
Supplementary Methods 
Taichung Veterans General Hospital (VGHTC) 

The VGHTC EMR database captures patients’ demograph-
ic, prescription, hospital admissions and referrals information, 
and prescription- and patient-level costs (inclusive of self-pay 
and reimbursement claims to the National Health Insurance) 
on all patients seen in the VGHTC healthcare system since 
2009. The VGHTC network includes four hospitals (VGHTC, 
Chiayi Branch, Puli Branch, Wanqiao branch) that provide a 
standardized quality of care across sites in different geograph-
ical locations spanning the entire district in central Taiwan. 
The EMR data from the hospitals reside on a shared database 
- the Clinical Information Research & Development Center 
(CIDC) shared database platform. 

Table S1. ICD-9 codes of asthma and comorbidities of in-
terest

Comorbidities of Interest ICD-9 codes

Asthma 493.00, 493.01, 493.02, 493.10, 493.11, 
493.12, 493.90, 493.91
(ICD-10 codes: J45, J46)

Nasal polyps 471.0, 471.9

Rhinitis allergic 477, 477.0, 477.1, 477.2, 477.8, 477.9

Rhinitis chronic 472, 472.0, 472.1, 472.2

Cardiac Disorders

Tachycardia, dysrhythmias 427.0, 427.1, 427.2, 427.6 (427.60, 
427.61, 427.69)

Atrial fibrillation 427.3 (427.31, 427.32)

Cardiac dysrhythmias (Other 
specified and unspecified)—in-
cludes bradycardia

427.8 (427.81, 427.89), 427.9

Myocardial infarction 410 (410.0, 410.00, 410.01, 410.02, 
410.1, 410.10, 410.11, 410.12, 410.2, 
410.20, 410.21, 410.22, 410.3, 410.30, 
410.31, 410.32, 410.4, 410.40, 410.41, 
410.42, 410.5, 410.50, 410.51, 410.52, 
410.6, 410.60, 410.61, 410.62, 410.7, 
410.70, 410.71, 410.72, 410.8, 410.80, 
410.81, 410.82, 410.9, 410.90, 410.91, 
410.92)
411 (411.0, 411.1, 411.8, 411.81, 411.89)

Angina pectoris 413 (413.0, 413.1, 413.9)

Unstable angina 411.1

Transient ischemic attack V12.54

Other forms of chronic isch-
emic heart disease

414 (414.0, 414.00, 414.01, 414.02, 
414.03, 414.04, 414.05, 414.06, 414.07, 
414.1, 414.10, 414.11, 414.12, 414.19, 
414.8, 414.9)

Cardiac failure congestive 
(congestive heart failure)

428 (428.0, 428.1 428.2, 428.20, 428.21, 
428.22, 428.23,428.3, 428.30, 428.31, 
428.32, 428.33, 428.4, 428.40, 428.41, 
428.42, 428.43,428.9

Atrioventricular block 426.1 (426.10, 426.11, 426.12, 426.13)

Bundle branch block right 426.4

Conduction disorder (excludes 
atrioventricular block and 
bundle branch block right)

426 (426.0, 426.2, 426.3, 426.5, 426.50, 
426.51, 426.52, 426.53, 426.54, 426.6, 
426.7, 426.8, 426.81, 426.82, 426.89, 
426.9)

Palpitations 785.1

Pericardial effusion 420

Ventricular extra-systoles 427.60, 427.69

Patient Inclusion Criteria
ICD-9 codes of asthma and comorbidities of interest

The International Classification of Diseases (ICD) 
codes used in the identification of asthma and comorbidi-
ties of interest are listed in the table below. 
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Comorbidities of Interest ICD-9 codes

Hypertension 401 (401.0, 401.1, 401.9)
402 (402.0, 402.00, 402.01, 402.1, 
402.10, 402.11, 402.9, 402.90, 402.91)
403 (403.0, 403.00, 403.01, 403.1, 
403.10, 403.11, 403.9, 403.90, 403.91)
404 (404.0, 404.00, 404.01, 404.02, 
404.03, 404.1, 404.10, 404.11, 404.12, 
404.13, 404.9, 404.90, 404.91, 404.92, 
404.93)
405 (405.0, 405.01, 405.09, 405.1, 
405.11, 405.19, 405.9, 405.91, 405.99)

Pulmonary hypertension 416.0, 416.8

Cerebrovascular disorders (that 
is not stroke)

780.3, 780.31, 780.32, 780.39 (Seizures/
convulsions (non-epileptic)
436, 437, 438

Ischemic stroke 433 (433.0, 433.00, 433.01,433.1, 
433.10, 433.11,433.2, 433.20, 
433.21,433.3, 433.30, 433.31,433.8, 
433.80, 433.81,433.9, 433.90, 433.91)
434 (434.0, 434.00, 434.01, 434.1, 
434.10, 434.11, 434.9, 434.90, 434.91)
437.1

Hemorrhagic stroke 430, 431, 432, 432.0, 432.1, 432.9

Pulmonary embolism Pulmonary embolism: 415.1, 415.19
Deep vein thrombosis (upper and lower 
extremities): 451.1 (451.11, 451.19), 
451.2, 451.81, 451.83, 451.84, 453.1, 
453.2, 453.4 (453.40, 453.41, 453.42), 
453.8, 453.9
Portal vein thrombosis: 452
Other thromboembolic events: 362.35, 
362.36, 437.6, 451.0, 451.82, 451.89, 
451.9, 453.0, 453.2, 453.3

Hypotension 458 (458.0, 458.1, 458.2, 458.21, 458.29, 
458.8, 458.9)

Thrombophlebitis 999.2

Table S1. (Continued) SEA patients
Criteria for GINA step 4 or 5 treatment were as fol-

lows: Step 4 - Add on tiotropium or a leukotriene receptor 
antagonist (LTRA) and/or sustained release theophylline 
to any of the GINA Step 3 treatments ([a] low-dose ICS 
plus LABA in a single device, [b] low-dose ICS plus LABA 
in multiple devices, [c] medium- or HD ICS, [d] low-dose 
ICS plus LTRA, or [e] low-dose ICS plus sustained-release 
theophylline) or combinations (to be considered as a treat-
ment combination each medicine must have been pre-
scribed within a 30-day window, the rule on medication 
combinations did not apply where ICS and LABA were 
administered in one inhaler), or were given medium- or 
high-dose (HD) ICS plus LABA in either a single device 
or in multiple devices; Step 5 - Patients who had also been 
given systemic steroids (i.e., oral corticosteroids [OCS]) or 
anti-IgE treatment (e.g., omalizumab [Xolair]) in addition 
to the GINA Step 4 treatment combinations. 

Exacerbations were defined as use of OCS burst for 
asthma symptoms, asthma-related emergency department 
(ED) visit, or hospitalization.

HD ICS patients
An additional subgroup of patients, who had received 

HD ICS, was also extracted and analyzed, as in clinical 
practice, these patients may be considered for treatment 
with biologics (according to Step 5 GINA 2015: OCS or 
anti-IgE treatment in addition to Step 4 treatment) if they 
have maximized their choices of combination therapies 
and doses and have persistent symptoms despite optimized 
treatment with high dose controller medications and treat-
ment of modifiable risk factors).

SEA Subpopulations
Patients with SEA were classified into the following 

four subpopulations to better characterise the patients el-
igible for treatment with biologics. 

Table S2. Classification criteria for SEA subpopulations

Population 1 Population 2 Population 3 Population 4

At least 1 laboratory result with a BEC ≥ 300 cells/μL captured in 12 months prior to index date

OR ≥ 150 cells/μL measured on 
index date

A history of ≥ 2 exacerbations in the 
12 months prior to index date
OR
Continuous OCS (5 mg per day) use 
for 6 months prior to index date

A history of ≥ 2 exacerbations in the 
12 months prior to index date
OR
Continuous OCS (5 mg per day) use 
for 6 months prior to index date

A history of ≥ 4 exacerbations in the 
12 months prior to index date
OR
Continuous OCS (5 mg per day) use 
for 6 months prior to index date

A history of ≥ 4 exacerbations in the 
12 months prior to index date, with 
≥ 1 exacerbation recorded as ED or 
hospitalization
AND
Continuous OCS (5 mg per day) use 
for 6 months prior to index date

Continuous OCS use was defined as follows: OCS1: A sequence of prednisolone claims that occurred ≤ 7 days between prescriptions (based on the prescription 
pattern in the local context – the clinic revisit interval is usually 7 days apart) OR OCS2: In the observational period, those with total prednisolone prescription ≥ 
900 mg within 180 days post index (time varying covariates were ignored and the total prescribed dose of prednisolone of 5 mg/day for 180 days [≥ 900 mg] were 
counted) OR OCS3: Included OCS1 and OCS2.
Exacerbations were defined as above (see Patient Inclusion Criteria, SEA Patients).
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The proportion of patients in each subpopulation was as-
sessed for those with: 6-months continuous OCS use, BEC 
≥ 150 cells/μL measured on index date, BEC ≥ 300 cells/μL 
captured in the 12 months prior to index date and number of 
exacerbations (2+/3+/4+/5+). 

Demographics and clinical characteristics
Age, gender, body-mass index (BMI), smoking status, co-

morbidities, atopy status (scored ‘Yes’ if total IgE > 100 IU/mL 
or any of allergen-specific IgE > 0.35 KU/mL or if any multi-
ple allergen-specific IgE screen was positive),1,2 total IgE and 
BEC were described. BEC were described as the mean value 
over the 12-month follow-up period. 

Exacerbations
An asthma-related ED visit was any record for an ED visit 

related to an asthma diagnosis code. An asthma-related hospi-
tal admission was any asthma-related referral or hospitaliza-
tion with a discharge diagnosis of asthma. OCS-defined exac-
erbations were any OCS prescription with an asthma medical 
code recorded within ±2 weeks. Systemic steroids adminis-
tered via injections were not included in the ascertainment of 
OCS-defined exacerbations as intravenous steroids were cap-
tured via hospitalization-related exacerbations.

Medication Use
Medication records in the database were encoded accord-

ing to National Health Insurance drug codes. Asthma medi-
cations analysed in this study included: long-acting musca-
rinic agonists (LAMA), LABA, ICS, short-acting β2-agonists 
(SABA), theophylline, LTRA, systemic corticosteroids, sys-
temic β agonists, omalizumab (Xolair), tiotropium, ICS+LA-
BA (free-dose), ICS+theophylline (free-dose), ICS+LTRA 
(free-dose), LABA+LAMA (fixed-dose), SABA+short-acting 
muscarinic antagonists (SAMA) (fixed-dose), and ICS+LABA 
(fixed-dose).

Medication adherence
Assessment of medication adherence using proportion of 

days covered (PDC) started with the first claim for control-
ler therapy; PDC was calculated as the ratio of medication 
covered days to duration of the medication treatment period 
(number of days).

OCS average daily dose
For multiple OCS claims to be considered part of the same 

episode, they must have had the same strength/dose; other-
wise, OCS claims were considered as independent OCS epi-
sodes. This applied to OCS claims that occurred on the same 
date as well as those that occurred during a prior OCS treat-
ment period. The average daily dose of OCS was calculated 
using prednisone equivalent doses.

All-cause and asthma-related healthcare costs
For asthma-related costs, all healthcare use encompassed 

medical claims with an asthma diagnosis in the primary po-
sition. All-cause costs were those irrespective of asthma diag-
nosis. For each category, total cost, and medication costs were 

reported. Total cost was the sum of all medical fees; medica-
tion costs included drug costs and any administration/infu-
sion fees submitted on the same medical claim. The following 
healthcare costs were presented in this study for the 12-month 
follow-up period: 1) cost of hospitalization, 2) cost of OPD 
visits, and 3) cost of ED visits. Costs were standardized to the 
most recent year of data availability in Taiwan.

Bootstrapping procedure
The following algorithm was used in the bootstrapping 

method for cost calculation:
1.	 A sample of n patients (the same number as the study 

population) was drawn with replacement from the 
study population and the cost difference was calculated 
based on this sample using the linear model.

2.	 The sampling (i.e., step 1) was repeated and the cost 
difference calculated between exposure groups × times. 
In this study, 999 replications were used to carry out 
hypothesis testing.

3.	 The 999 + 1 (the original sample estimate) cost dif-
ference estimates were ordered from the lowest to the 
highest observed values.

4.	 The 95% CI was identified based on the 2.5 and 97.5 
percentiles of the ranked values. The p-value was cal-
culated from the observed empirical distribution. 

Appendix S2
Supplementary Results: BEC Subgroups 
Baseline patient demographics and clinical characteristics

Patient numbers for the various pre-specified BEC sub-
groups were small (n = 29–59 for the < 150 cells/μL cut-off 
and > 400 cells/μL cut-off groups, respectively), limiting the 
comparison of results between groups. However, the results 
for these subgroups were generally similar to the HD ICS SEA 
or overall SEA populations. The < 150 cells/μL subgroup was 
oldest, had fewest female patients, highest BMI, lowest atopy 
and the greatest patient proportion with IgE ≤ 30 IU/mL (Ta-
ble 1). 

Exacerbations
All eosinophil level subgroups of the SEA population had 

higher mean exacerbations (ranging from 1.2 ± 1.77 in the 
> 300–400 cells/μL group to 1.9 ± 3.96 in the > 400 cells/μL 
group) compared with the general asthma population. Numer-
ically greater proportions of patients in each eosinophil-level 
subgroup of the SEA population experienced each category of 
exacerbations vs the general asthma patients. Number of ED 
visits or hospitalizations following exacerbations were gener-
ally similar to that for the SEA and HD ICS patients, although 
there was some variation between groups (Table 2). 

Healthcare resource use and costs
There was variation in asthma-related HCRU in the differ-

ent eosinophil subgroups but it was generally similar to that 
of the SEA or HD ICS SEA populations and greater than the 
general asthma population (Table 4).
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Asthma-related and all-cause costs
Each of the eosinophil-level subgroups in the SEA in-

curred higher asthma-related costs vs general asthma pa-
tients; this result was most pronounced for the lowest and 
highest subgroups for OPD costs, medication costs, and 
total costs (Figure 2B). There was variation in all-cause 
costs between the different eosinophil subgroups for all 
healthcare categories; all subgroups incurred greater costs 
for all categories vs the general asthma population and the 
greatest all-cause costs for all healthcare categories except 
hospitalization costs were incurred by the 150–300 cells/
µL subgroup (Figure 3B).

Use of SABA in SEA and general asthma patients
The rate of PDC were comparable between SEA and gen-

eral asthma patients. 

General asthma 
(N = 2439)

All SEA 
(N = 162) P-value

PDC (%), mean ± SD 33.7 ± 32.75 28.5 ± 32.64 0.18

Table S3. PDC of SABA in SEA and general asthma patients

Figure S1. Study Timeline
INDEX DATE: First 

asthma diagnosis after 
July 1st, 2014

12 months after index:
June 30th, 2016

12 months before index:
July 1st, 2013

Follow-up periodBaseline period

Supplementary Results: SEA subpopulations classified based on exacerbations and OCS use
Table S4. Clinical characteristics and OCS utilisation in SEA subpopulations at 3 months and 6 months during the follow-up 
period

OCS1

Population 1 Population 2 Population 3 Population 4

3 M
N = 80

6 M
N = 80

3 M
N = 70

6 M
N = 70

3 M
N = 43

6 M
N = 43

3 M
N = 1

6 M
N = 0

6 months continuous OCS 5 (6.3) 3 (3.8) 4 (5.7) 2 (2.9) 4 (9.3) 2 (4.7) 1 (100.0) 0 (0.0)

BEC ≥ 150 cells/μL (index date) 20 (25.0) 20 (25.0) 10 (14.3) 10 (14.3) 7 (16.3) 7 (16.3) 0 (0.0) 0 (0.0)

BEC ≥ 300 cells/μL (past 12 
months) 70 (87.5) 70 (87.5) 70 (100.0) 70 (100.0) 43 (100.0) 43 (100.0) 1 (100.0) 0 (0.0)

No exacerbation 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

1 exacerbation 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

2 exacerbation 19 (23.8) 19 (23.8) 16 (22.9) 16 (22.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

3 exacerbation 13 (16.3) 13 (16.3) 11 (15.7) 11 (15.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

4 exacerbation 10 (12.5) 10 (12.5) 10 (14.3) 10 (14.3) 10 (23.3) 10 (23.3) 0 (0.0) 0 (0.0)

≥ 5 exacerbation 38 (47.5) 38 (47.5) 33 (47.1) 33 (47.1) 33 (76.7) 33 (76.7) 1 (100.0) 0 (0.0)

OCS2 3 M
N = 83

6 M
N = 83

3 M
N = 73

6 M
N = 73

3 M
N = 47

6 M
N = 47

3 M
N = 2

6 M
N = 0

6 months continuous OCS 5 (6.0) 3 (3.6) 4 (5.5) 2 (2.7) 4 (8.5) 2 (4.3) 1 (50.0) 0 (0.0)

BEC ≥ 150 cells/μL (index date) 20 (24.1) 20 (24.1) 10 (13.7) 10 (13.7) 8 (17.0) 8 (17.0) 0 (0.0) 0 (0.0)

BEC ≥ 300 cells/μL (past 12 
months) 73 (88.0) 73 (88.0) 73 (100.0) 73 (100.0) 47 (100.0) 47 (100.0) 2 (100.0) 2 (100.0)

No exacerbation 3 (3.6) 3 (3.6) 3 (4.1) 3 (4.1) 3 (6.4) 3 (6.4) 0 (0.0) 0 (0.0)

1 exacerbation 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

2 exacerbation 19 (22.9) 19 (22.9) 16 (21.9) 16 (21.9) 1 (2.1) 1 (2.1) 0 (0.0) 0 (0.0)

3 exacerbation 13 (15.7) 13 (15.7) 11 (15.1) 11 (15.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

4 exacerbation 10 (12.0) 10 (12.0) 10 (13.7) 10 (13.7) 10 (21.3) 10 (21.3) 0 (0.0) 0 (0.0)

≥ 5 exacerbation 38 (45.8) 38 (45.8) 33 (45.2) 33 (45.2) 33 (70.2) 33 (70.2) 2 (100.0) 2 (100.0)
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OCS3

Population 1 Population 2 Population 3 Population 4

3 M
N = 80

6 M
N = 80

3 M
N = 70

6 M
N = 70

3 M
N = 43

6 M
N = 43

3 M
N = 1

6 M
N = 0

6 months continuous OCS 5 (6.3) 3 (3.8) 4 (5.7) 2 (2.9) 4 (9.3) 2 (4.7) 1 (100.0) 0 (0.0)

BEC ≥ 150 cells/μL (index date) 20 (25.0) 20 (25.0) 10 (14.3) 10 (14.3) 7 (16.3) 7 (16.3) 0 (0.0) 0 (0.0)

BEC ≥ 300 cells/μL (past 12 
months) 70 (87.5) 70 (87.5) 70 (100) 70 (100) 43 (100.0) 43 (100.0) 1 (100.0) 0 (0.0)

No exacerbation 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

1 exacerbation 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

2 exacerbation 19 (23.8) 19 (23.8) 16 (22.9) 16 (22.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

3 exacerbation 13 (16.3) 13 (16.3) 11 (15.7) 11 (15.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

4 exacerbation 10 (12.5) 10 (12.5) 10 (14.3) 10 (14.3) 10 (23.3) 10 (23.3) 0 (0.0) 0 (0.0)

≥ 5 exacerbation 38 (47.5) 38 (47.5) 33 (47.1) 33 (47.1) 33 (76.7) 33 (76.7) 1 (100.0) 0 (0.0)

Table S4. (Continued)

BEC, blood eosinophil count; ED, emergency department; OCS, oral corticosteroid; SEA, severe eosinophilic asthma.
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