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Medical resource utilization and the D
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Abstract

Background Despite evidence that severe and poorly controlled asthma are associated with more clinical unmet
needs and intensive utilization of healthcare resources, limited data is available on severe asthma expenditure in
China. The study aimed to assess Medical Resource Utilization (MRU) costs of asthma and explore the cost drivers in
order to better understand the economic burden of the Chinese population suffered from asthma.

Methods A retrospective analysis was conducted using Chinese sampled national claim database. Patients aged 6
years and above with primary diagnosis of asthma and asthma-related medical visit/hospitalization during 2015 were
included. Medication was used as a proxy per the GINA and China guideline to identify asthma severity (i.e. mild,
moderate, and severe). multiple linear regression model was conducted to identify MRU costs drivers.

Results 7,254 patients diagnosed with asthma were included: 4,529 (62.4%), 2,200 (30.3%), and 525 (7.2%) had

mild, moderate, and severe asthma, respectively. On average, each severe patient spent 6,782 Chinese Yuan (CNY)

on asthma treatment and had 57.0% hospitalization rate during the year, 3.9- and 4.4-fold of the average of overall
population (P <0.001 for both). The proportion of patients experiencing exacerbation significantly higher in the severe
asthma population (66.5%; P <0.001) compared to mild (30.0%) and moderate (16.8%) groups. In subgroup with 1,660
samples had annual consecutive data, severe patients had annual cost of CNY 8,314 and 52.2% hospitalization rate.
13% of severe patients who had frequent severe exacerbation (> 2 events) experienced the highest annual average
cost CNY 23,037, P<0.001) whereas children aged from 6 to 14 with a lower annual cost of CNY 1,094.2, 1,660.2 and
3,020.2 for mild, moderate, and severe patients respectively. The multiple model identified degree of severity, control
status, complications, age, and live region as independent drivers of MRU costs.

Conclusions Chinese asthma patients bear heavy economic burden. Severe asthma associated with higher MRU
(mainly from hospitalization) and costs compared with mild to moderate asthma in China. More efforts should be
devoted to the control of the disease severity and complication as the main drivers of asthma cost.
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Introduction

Asthma is a common chronic airway disease worldwide.
In spite of its lower prevalence in China (adults older
than 20 of 4.2% and children under 14 of 2.6%) com-
pared to some other countries, it has been increasing
significantly during the last decades [1-3]. For instance,
according to the China Asthma and Risk Factor Epide-
miologic (CARE) survey, the prevalence among individu-
als aged>14 years dramatically increased by one to two
folds in Beijing (91.23%) and Shanghai (178.0%) in the
past 10 years [4]. In 2019, the age standardized DALYs
rate of asthma ranks 8th among 369 diseases in China [5].
Hence, asthma is increasingly becoming a serious public
health concern in China.

The economic burden of asthma often associates
with high consumption of medical resources. Medical
resources utilization (MRU) involves emergency room
(ER) and outpatient visits, hospital admission, as well as
medications incurred during the visits and admission. A
number of studies with different designs (e.g. retrospec-
tive and prospective, cross-sectional) and perspectives
(e.g. societal perspective and health care perspective)
have been performed in different countries to quantify
the economic impact of asthma and cost structure [6—
12]. Although the asthma costs showed high variability
which is not surprising, hospitalization and medications
costs were found to be the important contributors of
asthma costs. Many studies have also consistently identi-
fied asthma severity is the most important drivers of the
costs [13, 14]. A number of factors including control and
exacerbation status, comorbidity conditions, age, and
gender were also detected.

Despite the studies contributed to the understanding
of economic impact of asthma, the issue in China still
needs further clarification. Several hospital-based, cross-
sectional studies have assessed general asthma costs and
economic burden of specific population such as occu-
pational asthma patients and asthma inpatients. Some
studies also explored the cost drivers at different regions
in China [15-18]. However, limited data is available on
asthma, especially severe asthma costs including outpa-
tient and inpatient expenses and cost drivers at national
level. Hence, the aims of study were to assess medical
resource utilization (MRU) systematically and compre-
hensively, associated costs and the relationships between
MRU costs and a set of potential costs drivers using Chi-
nese sampled national claim database. Particular empha-
ses were given to the association of asthma severity
with the MRU and costs as a minority of severe asthma
patients consumed a majority of medical resources
according to international findings.

Method

Study design and data source

It was a retrospective study using data from China Health
Insurance Research Association (CHIRA), which is the
only available database at national level representing
overall MRU and related costs of Chinese patients cov-
ered by the mainstream health insurance. The study was
conducted and has been granted an exemption from
requiring ethics approval by the Institutional Review
Board of School of Public Health, Fudan University. The
data were collected from the local insurance offices/
centers of selected areas including 4 Municipalities (i.e.
Beijing, Shanghai, Tianjin, Chongqing) under the central
government, all the capital cities, and 1~2 prefecture-
level cities within each province. All the beneficiaries
listed via descending ages are subject to random equidis-
tant sampling for recording medicine use and treatment
over a full year; and sample ratio for those patients with
medical records was 2% and 5% for municipalities and
capital cities, and prefecture-level cities, respectively.

The database included patients’ consecutive inpatient
and outpatient visit claims including resource usage
and medical resource utilization (MRU) costs as well
as their sociodemographic, and treatment expenditure
information.

Study population

Patients with consecutive medical records, primary diag-
nosis of asthma [ICD 10 code: J45 (asthma)/J46 (persis-
tent asthma)] from 01 January to 31 December 2015 were
used as the sampling frame. As in most cased, both pre-
scribing and dispensing occur at the same hospital visit
and patients cannot re-fill the prescription by their own,
the asthma diagnosis, rather than prescription records, is
used as inclusive criteria. The inclusion and exclusion cri-
teria were with primary diagnosis of asthma and persis-
tent asthma; and without diagnosis of cancer, active lung
disease such as COPD, chronic bronchitis, emphysema,
respectively.

As there is no longitudinal follow-up on patients
beyond the one-year timeframe and it is impossible to
distinguish between prevalent and incident patients, we
proposed to use annual sub-sample (patients from 01
January to 28 February 2015) to estimate accurate annual
HRU and medical cost.

As medication and clinical practice on children asthma
patients are often distinct from adults and children are
more vulnerable with less available therapies and more
unmet clinical need, children aged from 6 to 14 in the
whole sample and sub-sample were also part of the sam-
pling frame.
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Assessment of clinical characteristics including asthma
severity, exacerbation, control status, and existence of
severe complication

Medication was used as a proxy per the Global Initiative
for asthma (GINA) and China guideline [1, 19] to identify
asthma severity (i.e. mild, moderate, and severe). Since
dosage is not available from the database, as well as pre-
scription practice in China reflected after data cleaning,
clinical expert opinion was also considered. Mild asthma
is the patients having one of the following treatments:
only SABA, or only ICS, or controller/ controller com-
bination except ICS (i.e. LABA, LAMA, Theophylline).
Moderate asthma is the patients on double combination
with ICS, such as ICS+LABA/LAMA, or ICS+LTRA, or
ICS+theophylline. Severe asthma is the patients on triple
combination with ICS.

Exacerbation was defined as: hospital admission or
emergency room (ER) visit (severe exacerbation), or
outpatient visit with an OCS prescription order within
7 days of outpatient visit (non-severe exacerbation).
Uncontrolled asthma was defined as:>1 any exacerbation
and/or treatment step-up with treatment add-ons. Events
occurring within 14 days will be considered the same
exacerbation.

Existence of asthma complication is defined as having
one of the following conditions related to asthma exac-
erbation which may lead to unfavorable prognosis: infec-
tion, shock, pneumothorax, disseminated intravascular
coagulation, mechanical ventilation, respiratory failure,
respiratory or sudden cardiac arrest, and sudden death
[20, 21].

Medical resource utilization and the associated costs
Medical resources utilization associated with asthma
were retrieved from the dataset, comprising information
of outpatient visits, ER visits, hospitalization, medication
and tests. The associated costs such as costs per patient/
visit/admission were also recorded in the dataset. Based
on these, the asthma MRU and costs by disease severity,
average costs for specific asthma events such as exacerba-
tion, hospitalization and ER visit were calculated.

All costs in the study were expressed in Chinese Yuan
(CNY); the US dollar equivalent can be calculated using
the mean of 2015 exchange rates: US$1=CNY 6.2284.

Data analysis

The study variables were summarized using descrip-
tive statistics: frequencies and percentage for categorical
variables; means and standard deviations, for continuous
variables. Their differences according to asthma sever-
ity were compared using appropriate methods. In detail,
Chi-square tests/Fisher-exact tests were used for categor-
ical variables. Shapiro-Wilk normality test was adopted
to assess the normality of distribution of continuous
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variables. Student’s t tests/ ANOVA tests were used for
those achieving normal distribution; Mann-Whitney U /
Kruskal-Wallis tests were for the others.

Total MRU and associated costs were present accord-
ing to asthma severity. The costs according to demo-
graphic and disease variables including age, gender,
region, insurance type, complication prevalence, control
level, exacerbation status, and hospitalization were also
provided. Mann-Whitney U /Kruskal-Wallis tests were
used to compare the costs according to different levels
within each variable in order to identify cost drivers.

The association of asthma severity with total costs was
assessed using two multiple regression models. The first
model adopted the logarithm of costs as dependent vari-
able and adjusted for the factors mentioned above except
for exacerbation status and hospitalization. They were
excluded because they closely correlated with control
level. As there may be a modifying effect of control level
on severity. The second model included all the variables
in the first model plus the interaction between control
level and severity to test the modifying effect of control
level on severity. A three-level ordinal variable repre-
senting by two dummy variables was therefore created
to indicate different effects of poor control on moder-
ate and severe severity. An F test of variance was used
to compare the goodness of fit of two models in order to
identify whether the use of interaction improved model
performance.

All analyses were performed using STATA 14.0.

Results

Participants’ characteristics

A total of 7,254 patients diagnosed with asthma dur-
ing 2015 met the inclusion criteria. The average patient
age was 48.6 with adult covered the majority. 6.6%
patients were children under 12 years. Female patients
exceeded the half (53.7%), 85.4% participants were Urban
Employee Basic Medical Insurance (UEBMI) insured and
86.1% lived in east China.

Among the patients, 4,529 (62.4%), 2,200 (30.3%),
and 525 (7.2%) had mild, moderate, and severe asthma,
respectively. Their characteristics according to severity
are described in Table 1.

Mild to moderate asthma patients were more likely to
be younger, reside in eastern region, visit primary hospi-
tal, and shielded by UEBMI. The proportion of patients
experiencing exacerbation during the year was signifi-
cantly higher in the severe asthma population (66.5%;
P<0.001) compared to mild (30.0%) and moderate
(16.8%) groups. 67.5% severe patients failed in disease
control, compared with 22% in moderate and 35.6% in
mild (P<0.001). Severe patient more tends to encoun-
ter complications leading to unfavorable prognosis
(P<0.001).
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Table 1 Sociodemographic and clinical characteristics of study population according to asthma severity
Mild Moderate Severe* Total p-Value
(n=4,529) (n=2,200) (n=525) (n=7,254)
Age, years (SD) 49.1 (19.5) 46.8 (17.9) 51.7(174) 486 (18.9) 0.0001

6-11 327 (7.2%) 129 (5.9%) 20 (3.8%) 476 (6.6%)

12-17 58 (1.3%) 39 (1.8%) 3(0.6%) 00 (1.4%)

18-30 363 (8.0%) 197 (9.0%) 39 (7.4%) 599 (8.3%)

31-45 1,028 (22.7%) 631 (28.7%) 116 (22.1%) 1,775 (24.5%)

46-60 1,400 (30.9%) 694 (31.6%) 181 (34.5%) 2,275 (31.4%)

>60 1,353 (29.9%) 510 (23.2%) 166 (31.6%) 2,029 (28.0%)

Gender (%, male) 2,045 (45.2%) 1,093 (49.7%) 222 (42.3%) 3,360 (46.3%) <0.0001
Region (%)

East 3,884 (85.8%) 2,010 (91.4%) 352 (67.1%) 6,246 (86.1%) <0.0001

Middle 336 (7.4%) 95 (4.3%) 103 (19.6%) 534 (7.4%)

West 309 (6.8)) 95 (4.3%) 70 (13.3%) 474 (6.5%)

Frequency of hospital visits (%)t <0.0001

Tertiary 3,610(32.1%) 3,988 (59.5%) 671 (64.2%) 8,269 (43.5%)

Secondary 2,193(19.5%) 1,399 (20.9%) 263 (25.2%) 3,855 (20.3%)

Primary 5,451(48.4%) 1,315 (19.6%) 1(10.6%) 6,877 (36.2%)

Unspecified 3(0%) 1(0%) 0 (0%) 4 (0%)

Insurance type (%) <0.0001

Urban Employee Basic Medical Insurance (UEBMI) 3,823 (84.4%) 1,957 (89.0%) 5(79.1%) 6,195 (85.4%)

Urban Resident Basic Medical Insurance (URBMI) 706 (15.6%) 243 (11.1%) 110 (21.0%) 1,059 (14.6%)
Complications(%, yes) 155 (3.4%) 47 (2.1%) 31 (5.9%) 233 (3.2%) <0.0001
Exacerbation (%, yes) 1,360 (30.0%) 369 (16.8%) 349 (66.5%) 2,078 (28.7%) <0.0001
Frequency (SD, all patients) 0.5(1.6) 0.3(1.1) 0.8(0.7) 0.5(1.5) 0.0001
Frequency (SD, patients who had the Exacerbation) 1.7(2.6) 1.7(2.4) 1.2(0.6) 1.6(2.4) 0.0001
Severe exacerbation (%, yes) 1312(29.0%) 353(16.1%) 349(66.5%) 2014(27.8%) <0.0001
Frequency (SD, all patients) 0.5(1.6) 0.3(1.1) 0.8(0.7) 0.4(1.4) 0.0001
Frequency (SD, patients who had the Severe exacerbation) 1.7(2.6) 1.7(2.4) 1.2(0.6) 1.6(2.4) 0.0002
Control level (%, poor) 1,612 (35.6%) 483 (22.0%) 384 (67.5%) 2449 (33.8%) <0.0001

*Reference group. tEach patient may go to hospital (either same or different levels of hospital) repeatedly, resulting in the frequency larger than the number of
patients. SD: standard deviation. Age was compared in analysis of variance test; Chi-square tests/Fisher-exact tests were used for the comparison of other variables.
P values indicated overall significance of each comparison. Two separate significance testes were also used to compare mild group vs. severe group, and moderate
group vs. severe group, respectively. Bold indicates values that are significantly different from the reference group (i.e., severe group). Complications were defined
as having one of the following conditions: infection, shock, pneumothorax, disseminated intravascular coagulation, mechanical ventilation, respiratory failure,
respiratory or sudden cardiac arrest, and sudden death; Exacerbation was defined as: hospital admission or emergency room (ER) visit, or outpatient visit with an
OCS prescription order within 7 days of outpatient visit; Poor control level was defined as: 21 any exacerbation or treatment step-up

Medical resource utilization by asthma severity

Severe asthma was significantly related to higher hospi-
talization rate, more and longer hospitalization and ER
days, as well as higher rates of medication use and medi-
cal test (Table 2).

For example, 57.0% severe asthma patients experi-
enced hospitalization for average 11.5 days, while only
10.8% and 7.8% admission rate in mild and moderate
group respectively (P<0.0001). ICS+LABA was used in
more than 80% moderate to severe patients. 21% severe
patients used OCS. On the other hand, mild and mod-
erate asthma were associated with higher outpatient rate
and frequency. Despite the fact that around 70% asthma
is allergic as reported [22], very few (1.6%) patients
had IgE test, with 8.2% in severe group as the highest
(P=0.000).

Medical resource utilization costs by asthma severity

Total MRU costs ranged from CNY 0.1 to CNY 209,356,
with the mean and median being CNY 1,734 and CNY
571, respectively. The mean and standard deviation of
total and the three specific costs (i.e. outpatient visits,
emergency room visits, and hospitalization) were present
stratifying by asthma severity in Table 3.

Total costs increased with degree of severity (CNY
1,130 for mild, CNY 1,760 for moderate, and CNY 6,782
for severe). Severe patients associated with significantly
higher annual and event medical costs (P=0.0001). The
high annual cost was mainly attributed to hospitaliza-
tion costs. Hospitalization covered 80% of severe asthma
annual medical costs, with CNY 5,992.6 per patient per
year, significantly higher than CNY 536.1 in mild and
CNY 6224 in moderate group (P=0.0001). The aver-
age medical cost for each severe exacerbation was CNY
7,992 for severe patients, 3-fold of the overall patient
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Table 2 Medical resource utilization by asthma severity
Mild Moderate Severe* Total p-Value

Outpatient visits

Rate (%) 3,798 (83.9%) 2,002(91.0%) 234(44.6%) 6,034(83.2%) 0.000

Frequency (SD, all patients) 2.2(3.2) 2.8(3.7) 13(24) 23(3.3) 0.0001

Frequency (SD, patients who had the visits) 26(3.3) 3.1(3.8) 2.8(3.0) 2.8(3.5) 0.0001

Duration (day) 1.0(0.0) 1.0(0.0) 1.0(0.0) 1.0(0.0) 1.0000
Emergency room visits

Rate (%) 493 (10.9%) 146 (6.6%) 39 (7.4%) 678 (9.4%) 0.000

Frequency (SD, all patients) 0.2 (0.7) 0.1(0.9) 0.1(0.3) 0.2(0.7) 0.0123

Frequency (SD, patients who had the visits) 16(13) 19(3.1) 1.1(0.3) 1.6(1.8) 0.1626

Duration (day) 1.1(0.8) 1.1(1.1) 29@3.7) 12(1.2) 0.0296
Hospital admission

Rate (%) 487 (10.8%) 172 (7.8%) 299 (57.0%) 958 (13.2%) 0.000

Frequency (SD, all patients) 0.1 (0.4) 0.1(0.3) 0.6(0.7) 0.1(0.4) 0.0001

Frequency (SD, patients who had the admission) 1.1(04) 1.1(04) 1.1(0.6) 1.1(0.5) 0.8623

Duration (day) 9.9 (4.7) 10.1(6.7) 11.5(5.9) 104 (5.5) 0.0001
Medication

Utilization rate of OCS (%) 117 (2.6%) 33 (1.5%) 110 (21.0%) 260 (3.6%) 0.0000

Utilization rate of ICS+ LABA (%) 278 (6.1%) 1,902 (86.5%) 436 (83.1%) 2,616 (36.1%) 0.0000
Diagnosis

Detection rate of total IgE (%) 49 (1.1%) 22 (1.0%) 43 (8.2%) 114 (1.6%) 0.000

*Reference group. SD:standard deviation. OCS:oral corticosteroid use; ICS +LABA: combinationinhaled corticosteroid/long-acting betaagonist; IgE:Immunoglobulin
E. Frequency was compared in analysis of variance test; rate was compared in Chi-square tests/Fisher-exact tests. P values indicated overall significance of each
comparison. Two separate significance testes were also used to compare mild group vs. severe group, and moderate group vs. severe group, respectively. Bold

indicates values that are significantly different from the reference level

Table 3 Costs of medical resource utilization by asthma severity

Mild Moderate Severe* Total p-Value
Total costs (SD) 1,136.0 (2,340.5) 1,760.4 (5,369.6) 6,782.0 (10,324.4) 1,734.0 (4,683.0) 0.0001
Medication 760.8 (1,327.9) 1,323.2 (2,987.4) 3,896 (6,181.5) 1,158.2 (2,686.4) 0.0001
Lab test and medical imaging 166.6 (620.8) 205.4 (1,604.5) 1,308.1(1,810.8) 261.0(1,159.2) 0.0001
Total IgE detection 0.7(7.7) 0.8(14.3) 52(23.2) 1.0(11.8) 0.0243
Mechanical ventilation 2.4(102.9) 0.1(5.6) 29.2(469.8) 3.6(150.4) 0.8881
Outpatient visits costs (SD) 532.4(909.2) 1,082.3 (1,745.4) 611.4(1,256.0) 704.9 (1,271.3) 0.0001
Medication 470.0 (846.6) 973.2 (1,608.5) 533.9(1,158.1) 6273(1,175.2) 0.0001
Lab test and medical imaging 23.7(112.5) 39.5(187.7) 243 (96.6) 28.5(139.0) 0.8460
Total IgE detection 0.12.2) 0.0(0.0) 0.0(0.0) 0.0(1.7) 0.9944
Emergency room visits costs (SD) 67.5(342.2) 55.6 (465.2) 178.1(1,118.5) 719 (479.6) 0.0154
Medication 44.0 (221.0) 37.3(286.2) 87.6 (574.1) 45.1 (281.6) 0.0146
Lab test and medical imaging 9.5(93.9) 8.0(130.7) 492 (337.9) 11.9(138.0) 0.3356
Total IgE detection 0.0(1.0) 0.0(0.0) 0.2(3.0) 0.0(1.1) 0.9907
Mechanical ventilation 0.2(9.3) 0.0(0.0) 0.0(0.0) 0.1(7.4) 0.9944
Hospital admission costs (SD) 536.1(2,213.4) 622.4 (5,149.7) 5,992.6 (10,604.9) 957.2 (4,604.8) 0.0001
Medication 246.7 (1,077.6) 312.6 (2,589.7) 3,274.4 (6,340.5) 485.8 (2,504.1) 0.0001
Lab test and medical imaging 133.4 (604.5) 157.9 (1,586.6) 1,234.5(1,821.8) 220.5(1,145.2) 0.0001
Total IgE detection 0.6(7.3) 0.8(14.3) 5.0(23.1) 1.0(11.6) 0.0313
Mechanical ventilation 2.2(102.5) 0.1(5.6) 29.2(469.8) 3.5(150.2) 0.8733
Hospital bed fee 21.9 (97.5) 21.1(163.3) 191.6 (2724) 33.9(146.00) 0.0001

Cost data are presented as mean in Chinese Yuan (CNY); the US dollar equivalent can be calculated using the mean of 2015 exchange rates: US$1=CNY 6.2284.
*Reference group. SD: standard deviation. Costs were compared in Kruskal-Wallis; P values indicated overall significance of each comparison. Two separate

significance testes were also used to compare mild group vs. severe group, and moderate group vs. severe group, respectively
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Table 4 Costs of medical resource utilization by
sociodemographic and clinical characteristics

Page 6 of 10

Table 5 multiple regression analysis on the logarithm of medical
resource utilization costs

Variable Mean SD P
Costs
Age group (years) 0.0001
6-11 11222 16187
12-17 1,348.1 11,7025
18-30 1,0320 1,837.0
31-45 1,363.7 5,505.3
46-60 1,7206 33853
>60 24428 6,0379
Gender 0.1675
Male 1,7353 57919
Female 1,7328 34516
Region 0.0001
East 14015 3,788.1
Middle 52176 51584
West 2,1904 10,073.1
Insurance type <0.0001
Urban Employee Basic Medical 1,640.2 48042
Insurance
Urban Resident Basic Medical 22827 3,8555
Insurance
Complications (yes) 59023 14,1394  <0.0001
Complications (no) 1,595.7 39313
Controlled 717.0 1,163.5 <0.0001
Uncontrolled 3,7294 7,503.7
Exacerbation =2 (yes) 42644 82750 <0.0001
Exacerbation =2 (no) 1,5599 42739
Hospitalization (yes) 73733 10,7966  <0.0001
Hospitalization (no) 8759 1,403.7

Cost data are presented as in Chinese Yuan (CNY); the US dollar equivalent can
be calculated using the mean of 2015 exchange rates: US$1=CNY 6.2284. SD:
standard deviation. P values were based on Mann-Whitney U /Kruskal-Wallis
tests. Complications were defined as having one of the following conditions:
infection, shock, pneumothorax, disseminated intravascular coagulation,
mechanical ventilation, respiratory failure, respiratory or sudden cardiac
arrest, and sudden death; Exacerbation was defined as: hospital admission or
emergency room (ER) visit, or outpatient visit with an OCS prescription order
within 7 days of outpatient visit; Poor control level was defined as: 21 any
exacerbation or treatment step-up.

population average. Aggregately, 7% patients consumed
28% of total asthma medical expenditure.

Correlates of medical resource use costs

Total costs of asthma patients according to their demo-
graphic and disease characteristics are displayed in
Table 4.

Significantly higher costs were observed for greater
severity, uncontrolled asthma patients, frequent exac-
erbation (=2 events), existence of complications and
hospitalization. Age and region were also significantly
associated with costs. There was no significant difference
in total costs between female and male. Asthma patients
with and without hospitalization had the highest and
lowest total costs, respectively (i.e. CNY 7,373 vs. CNY
876).

Coefficients p-Value 95%
Confidence
Interval

Intercept 4.663 <0.0001  4.5371t04.790
Age 0.006 <0.0001  0.004 to 0.007
Male(vs. female) -0.032 0214 -0.0821t00.018
Region(vs. west)

East 0.710 <0.0001 0606t00.814

Middle 1.637 <0.0001 0.4671t00.752
Insurance (vs. Urban
Resident Basic Medical
Insurance)
Urban Employee Basic -0.062 0.120 -0.141t0 0.016
Medical Insurance
Asthma severity(vs.
mild)

Moderate 0.854 <0.0001  0.799t0 0910

Severe 1572 <0.0001 1473t01.672
Control status(vs. well  1.138 <0.0001 1.078t0 1.197
controlled)
Complications(vs.no)  0.610 <0.0001 0467t00.752
Adjusted R? 0.400

Multiple analysis of medical resource use costs
According to the multiple model without interaction
terms, the coefficients for moderate and severe asthma
were 0.85 (95% confidence interval [CI]: 0.80, 0.91) and
1.57 (95% CI: 1.47, 1.67), respectively. These indicated
that they associated with a 135% and a 382% increase
in MRU costs, assuming invariant other variables. The
model also indicated that significantly higher MRU cost
were related to poor control level, presence of complica-
tions, older age, and living in middle region (Table 5).

Complications were defined as having one of the fol-
lowing conditions: infection, shock, pneumothorax,
disseminated intravascular coagulation, mechanical ven-
tilation, respiratory failure, respiratory or sudden car-
diac arrest, and sudden death; Exacerbation was defined
as: hospital admission or emergency room (ER) visit, or
outpatient visit with an OCS prescription order within 7
days of outpatient visit; Poor control level was defined as:
21 any exacerbation or treatment step-up.

Inclusion of interaction terms did not improve model
performance according to the F test (p>0.05); and none
of them reached statistical significance.

Subgroup analysis on annual medical resource utilization
costs by asthma severity

During Jan 1 to Feb 28, 2015, 1,660 eligible patients were
included: 996 (60%), 595 (35.8%), and 69 (4.2%) had mild,
moderate, and severe asthma, respectively (Appendix 1).
In the subgroup with complete yearly cost data, the mean
MRU costs were CNY 2,015; severe patients had annual
costs of CNY 8,313 and 52.2% hospitalization rate, which
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were 4.8- and 6.7-fold of mild to moderate (P<0.001 for
both) (Appendix 2&3).

Further exploration conducted to identify extreme
MRU cost and its driver among severe asthma patients.
10% of severe patients had annual expenditure exceed-
ing CNY 17,706 and 3% exceeding CNY 30,000. 13%
severe patients who had frequent severe exacerbation (>2
events) experienced the highest annual average cost of
CNY 23,037.2 (P=0.0002).

Potential unmet needs among children aged from 6 to 14
years old
Among children aged from 6 to 14 years old, 4% were
server with 31.8% experienced hospitalization, sig-
nificantly higher than mild (P=0.001) to moderate
(P=0.011). Despite the possible side effect, corticoste-
roids were widely used in children with severe asthma:
77.3% used ICS, 31.8% used OCS and 40.9% used sys-
tematic corticosteroids, which was significantly high
(P=0.001). The severe exacerbation rate was lower in
children aged from 6 to 14 years old compared to those
above 14, but still significant higher in severe than mild
(P=0.014) to moderate asthma (P=0.03) (Appendix 4).
Using annual sub-sample to estimate accurate annual
medical costs, the overall MRU costs were lower for
children with CNY 1,094.2, 1,660.2 and 3,020.2 for mild,
moderate, and severe patients respectively.

Discussion

To the best of our knowledge, it is the first study with the
largest sample size that comprehensively assessed MRU
and related costs in varied populations, regions and clini-
cal settings as well as identified the main drivers of the
MRU costs in Chinese asthma patients [15-18]. The
mean costs for full sample and subsample were $278 and
$324, respectively. The costs in China are much lower
compared to those in western countries and several
Asian countries even considering inflation rates [10, 22—
26]. For example, Eric et al. estimated that annual asthma
per capita healthcare costs in Singapore were $930, and
Kim et al. revealed that the annual direct costs of adult
asthmatic patients in Korea were $1,324 [10, 26] It should
be noted that various factors could affect the country dif-
ference in costs (e.g. healthcare and insurance systems;
clinical and socio-demographic characteristics of asthma
patients, and economic status).

Stratification by severity clearly showed that it posi-
tively associated with overall MRU cost, which was also
confirmed by the multiple regression model. Moreover,
the costs increased disproportionately for severe asthma:
3.9-fold of the average costs of overall sample ($1,089 vs.
$278). As a result, a small proportion of severe asthma
patients (i.e. 7.5%) accounted for approximately 28% of
MRU costs in the study. These findings are generally in
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line with previous studies [10, 11, 27-29]. For instance,
direct costs were substantially higher in severe asthma
group in the above-mentioned study conducted in Korea
($2,214 vs. $978 for moderate and $871 for mild) [10].
Also, 7.8% of severe patients accounted for 20.6% of total
costs according to findings from Antonicelli et al. [11].

Among the three kinds of MRU costs, hospitalization
and ER visits costs constituted the largest and smallest
component for the whole sample, respectively. Medica-
tion costs contribute a large proportion of MRU costs.
These findings were similar with prior studies [13, 24,
30-32] Meanwhile, hospitalization costs for mild and
moderate asthma were not higher or even lower than
outpatient visits costs; while it was disproportionately
high for severe asthma comprising about 90% of MRU
costs in the group. It may not be surprising as the pro-
portion of poor asthma control was also very high in the
group (67.4%) and hospitalization normally occurs when
the management of asthma has failed. Indeed, multiple
regression model revealed that poor control status, inde-
pendently of severity, was associated with statistically
significantly higher MRU costs in the study. Moreover, it
also showed that the effect of poor control on MRU costs
in each severity category was similar as the interaction
term was not statistically significant. Although this imply
that better disease control would help to decrease the
economic burden (particularly the burden of hospitaliza-
tion) across all severities, considering disproportionate
burden and unmet needs of severe asthma, related costs
could be substantially reduced by improving manage-
ment of severe asthma.

The model also indicated that age, region and com-
plications were significant drivers of MRU costs. These
factors, together with severity, explained a considerable
proportion of the variance of MRU costs (R*=0.40). Age
has long been recognized as a risk factor of asthma costs,
though the direction of association conflicts [13]. We
found MRU costs increased with age which may be due
to older asthmatic patients are more likely to induce hos-
pitalization and need more medications. The association
between presence of complications and MRU costs was
consistent with prior studies and expected as additional
medical resources would be needed to treat the complica-
tions resulting in increased costs [13, 24]. An interesting
finding is asthma patients living in middle region associ-
ated with higher MRU costs than their counterparts in
eastern and western regions, while eastern region has the
best economic development level in China. We may be
unable to explain the finding as the variables included in
the dataset were mainly related to the assessment of MRU
and its costs, but not for the identification of costs driv-
ers. Hence, we had no information regarding a number
of potential drivers such as comorbidity status, patient
compliance, income and education levels, and smoking
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status. Future studies systematically assessing the corre-
lations between MRU costs and its factors are therefore
warranted. Meanwhile, the relationship between gen-
der and MRU costs was not supported according to the
model, though several studies reported that female were
found to have higher direct costs [33, 34]. The study in
Korea did not detect the association yet [10].

In the study, we also investigated the MRU and costs
for asthma patients aged from 6 to 14 years old in order
to deepen the understanding. Similar to adults, severe
patients were faced with high exacerbation rate, poor
control and high costs. The mean costs of children for
full sample and subsample were CNY 1,148 and CNY
1,339, which were much higher than that of CNY 525
in a previous similar research in China with a younger
definition and inclusion criteria of children (0—14 years
old) [16]. The reason behind the cost difference between
two researches was speculated that patients at ages of
0-5 could only be treated with basic therapies, resulting
in a less MRU costs of the latter research [16]. Although
the annual MRU costs were lower for children probably
due to limited pediatric medication choice, we observed
high utilization of corticosteroids, especially OCS and
systematic corticosteroids for severe patients, which may
lead to great adverse effect to children development [35—
38]. This reflected the unmet needs for severe pediatric
asthma management despite the small patient group.
However, the sample size for the two kinds of patients
may not be big enough to provide an accurate estimation.
Hence, future studies based on a larger sample of chil-
dren or severe asthma patients are warranted.

Limitations

The dataset and sampling strategy used in the study could
have the ability to draw a representative sample of asth-
matic patients in urban China. Some limitations of the
study should also be noted. 1)Our data was retrieved
from 2015 rather than recent data. First, as a national
database, the process of data collection, cleaning, and
analysis is very time-consuming. Second, the acquisition
of such a large database requires authorization, and the
sensitive respondent information in the data also requires
time for data masking. Hence, there is a time lag between
the availability of data and the current report; 2) Medica-
tion was used as proxy to define disease severity and con-
trol level, which could be different from the GINA step
definition. Meanwhile, the data used is the medical insur-
ance database without the required clinical data used in
GINA. Thus, we cannot classify the patients in terms of
the clinical parameters. In addition, this kind of defini-
tion of severity classification has also been widely used in
previous studies [39, 40]; 3) Since only health resources
used in the hospital was captured with ICD diagnose, no
test or treatment results (incl. death) could be obtained
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to link with the therapy; 4) Sampling by CHIRA data-
base is done on a yearly basis, but the sampled popula-
tion can be different every year. Non-consecutive data
were available currently, thus it is impossible to set up
washout period for incident patients or observe data out
of the nature year; 5) Data from retail pharmacy was not
available, so self-treatment data may be missed. However,
since most asthma medications need to be prescribed by
doctors, no great impact is expected; 6) Due to data limi-
tation, we were unable to assess a number of important
factors described above. The findings cannot be general-
ized to asthmatic patients in rural areas; 7) Our research
did not mention that the co-morbidities associated with
asthma. As we stated above, the dataset did not include
the clinical parameters such as co-morbidities. Thus, we
cannot assess its impacts on MRU and costs.

In conclusion, the study showed that MRU and the
associated costs of severe asthma patients were dispro-
portionately higher than those with mild and moderate
asthma in China, which was mainly due to hospitaliza-
tion costs. Exacerbation and poor control of asthma were
detected as important drivers of MRU costs, especially in
severe asthma. Presence of complications, older age, and
living in middle region were also significant drivers of the
increased MRU costs in China. The findings are useful in
identifying effective strategies and making sound health
policies to relieve the economic burden of asthma.
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