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Abstract

Background: The real‐world relationships between the demographic and

clinical characteristics of asthma patients, their prehospitalization man-

agement and the frequency of hospitalization due to asthma exacerbation

is poorly established.

Objective: To determine the risk factors of recurrent asthma exacerbations

requiring hospitalizations and evaluate the standard of baseline asthma care.

Methods: A territory‐wide, multicentre retrospective study in Hong Kong was

performed. Medical records of patients aged≥18 years admitted to 11 acute general

hospitals from January 1 to December 31, 2016 for asthma exacerbations were

reviewed.

Results: There were 2280 patients with 3154 admissions (36.7% male, median age

66.0 [interquartile range: 48.0–81.0] years, 519 had≥2 admissions). Among them,

1830 (80.3%) had at least one asthma‐associated comorbidity, 1060 (46.5%) and 885

(38.9%) of patients had Accident and Emergency Department (AED) attendance

and hospitalization in the preceding year, respectively. Patients with advancing age

(incidence rate ratio [IRR]: 1.003 for every year increment), a history of AED visits

or hospitalization (IRR: 1.018 and 1.070 for every additional episode, respectively)

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2021 The Authors. Immunity, Inflammation and Disease published by John Wiley & Sons Ltd.

Abbreviations: AED, Accident and Emergency Department; BD, bronchodilator; COPD, chronic obstructive pulmonary disease; FEV1, forced
expiratory volume in 1 s; FVC, forced vital capacity; GINA, Global Initiative for Asthma; GOPC, general outpatient clinic; ICS, inhaled
corticosteroids; ICU, intensive care unit; IgE, immunoglobulin E; IMV, invasive mechanical ventilation; IQR, interquartile range; IRR, incidence rate
ratio; MA, multiple admissions; PEFR, peak expiratory flow rate; RAST, radioallergosorbent test; SA, single admission; SABA, short‐acting beta‐
agonist; SAMA, short‐acting muscarinic antagonist.

On behalf of the Hong Kong Thoracic Society Special Interest Group on Airway Diseases.

https://orcid.org/0000-0002-8163-5846
https://orcid.org/0000-0001-8454-0087
https://orcid.org/0000-0002-3626-2999
https://orcid.org/0000-0002-7150-9360
https://orcid.org/0000-0002-7644-5626
https://orcid.org/0000-0002-7012-4274
https://orcid.org/0000-0002-0550-246X
https://orcid.org/0000-0002-2562-5379


10Department of Medicine, Tseung Kwan
O Hospital, Hong Kong, China
11Department of Medicine & Geriatrics,
Caritas Medical Centre, Hong Kong,
China
12Department of Medicine, North District
Hospital, Hong Kong, China
13Department of Medicine, Alice Ho Miu
Ling Nethersole Hospital, Hong Kong,
China

Correspondence
Ka Pang Chan, Department of Medicine
& Therapeutics, Prince of Wales Hospital,
Sha Tin, New Territories, Hong Kong,
China.
Email: chankapang@gmail.com

for asthma exacerbation in the preceding year, the presence of neuropsychiatric

(IRR: 1.142) and gastrointestinal (IRR: 1.154) comorbidities were risk factors for an

increasing number of admissions for asthma exacerbation. For patients with≥2
admissions, 17.1% were not prescribed inhaled corticosteroid and only 44.6% had

spirometry checked before the index admission. Asthma phenotyping was often

incomplete, as assessment of atopy (total serum immunoglobulin E level and se-

nitization to aeroallergens) was only performed in 30 (5.8%) patients with≥2
admissions.

Conclusions and Clinical Relevance: Improving asthma care, especially in

elderly patients with a prior history of urgent healthcare utilization and co-

morbidities, may help reduce healthcare burden. Suboptimal management

before the index admission was common in patients hospitalized for asthma

exacerbations. Early identification of patients at risk and enhancement of

baseline asthma management may help to prevent recurrent asthma exacer-

bation and subsequent hospitalization.

KEYWORD S

asthma (clinical aspects), asthma clinical care, asthma control, asthma exacerbations,
asthma outcomes research

1 | INTRODUCTION

Asthma is the most prevalent chronic respiratory
disease worldwide.1,2 The global prevalence of asthma
is 4.3%,3,4 ranging from 12.6% in schoolchildren to
8.1% in the elderly.2,5 A recent Chinese study reported
that 7.2% of patients had at least one hospital
admission due to asthma exacerbation in the preced-
ing year.3 Severe exacerbations, especially those re-
quiring hospitalization, are associated with
significantly more morbidities (decline in lung func-
tion and quality of life),6,7 mortality8 and healthcare
costs.9,10 Therefore, prevention of asthma exacerba-
tions and subsequent hospitalizations are the crucial
goals of asthma therapy. Various factors associated
with recurrent asthma exacerbations, including
asthma‐related comorbidities,11 recent asthma ex-
acerbation,12 reduced spirometric parameters13 and
high blood eosinophil counts,14 have been reported.
However, the association between these factors, level
of asthma control, baseline asthma workup, follow‐up
status and the burden of recurrent asthma exacerba-
tions requiring hospitalization remains to be estab-
lished. This study aimed at evaluating the clinical
characteristics of patients who had been hospitalized
for asthma exacerbations in the past 12 months and
exploring the risk factors that were associated with
multiple admissions.

2 | METHODS

This was a territory‐wide, multicentre retrospective study
in Hong Kong. Eleven acute general public hospitals
participated in this study.

2.1 | Case recruitment

By using the International Classification of Diseases,
Ninth Revision, Clinical Modification code 493.xx, each
participating hospital identified all admissions to the
medical department with a primary hospital discharge
diagnosis of asthma exacerbation over 12 months
(January 1 to December 31, 2016). Asthma exacerbation
was defined as an event characterized by a worsening of
asthma control status requiring the use of systemic cor-
ticosteroids (OCS), or an increase from a stable main-
tenance dose, for at least 3 days.15

All relevant electronic and paper medical records of
the included admissions were reviewed manually by re-
spiratory specialists of the corresponding hospital.
Patients who were≥18 years old on the day of admission
were included in the analysis. Patients with an in-
appropriate diagnosis of asthma exacerbation or in-
complete drug records were excluded. Patients admitted
to different hospitals were cross‐referenced to verify the
exact number of admissions in the Year 2016.
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2.2 | Assessment of subjects

Clinical information of the patients including baseline
demographics, asthma‐related comorbidities, asthma
history and related care including a history of prior se-
vere asthma exacerbation requiring intensive care unit
(ICU) admission and invasive mechanical ventilation
(IMV), use of urgent healthcare utilization due to asthma
exacerbation in the preceding year, assessment of
symptom control (daytime symptoms, night waking,
short‐acting beta‐agonist [SABA] reliever use and activity
limitation due to asthma in the past 4 weeks based on the
Global Initiative for Asthma [GINA] recommendation in
the last clinic visit),16 previous workup on asthma
(spirometry, measurement of peak expiratory flow rate
[PEFR], blood eosinophils count, total serum im-
munoglobulin E [IgE] level, allergy skin prick tests, and
radioallergosorbent test [RAST]), pharmacological treat-
ment before the index admission and follow‐up status
were collected.

Comparisons were performed between patients with
single admission (SA; one hospitalization) and multiple
admissions (MA, ≥1 hospitalization) for asthma exacer-
bation in the Year 2016, to identify the patient‐based risk
factors for recurrent exacerbations requiring hospitali-
zations. Comparisons were also performed between pa-
tients with and without long‐term follow‐up, to evaluate
any difference in the baseline characteristics.

2.3 | Statistics

Data were analyzed by the Statistical Package of the So-
cial Science Statistical Software (SPSS) for Window,
Version 26 (IBM SPSS In.c). The demographic and clin-
ical characteristics were presented with descriptive sta-
tistics, as mean with SD, median with interquartile range
(IQR) and absolute number with percentage as appro-
priate. Comparison between patient groups was per-
formed by chi‐square or Fisher's exact test for categorical
variables, and independent t test or Mann–Whitney
U test for continuous variables. Significance of potential
risk factors for asthma exacerbations leading to hospita-
lization was identified by Poisson regression analysis. All
tests were two‐tailed, and a value of p< .05 was con-
sidered significant.

2.4 | Ethics approval

Ethics application was approved by the corresponding
clinical research ethics committee for each participating
hospital, with the name of committees and approval

reference numbers listed as follow: Joint Chinese University
of Hong Kong‐New Territories East Cluster Clinical
Research Ethics Committee (CREC 2017.503), Research
Ethics Committee (Kowloon Central/Kowloon East) (KC/
KE‐17‐0206/ER‐4, KC/KE‐17‐0218/ER‐4, KC/KE‐17‐0235/
ER‐1), Kowloon West Cluster Research Ethics Committee
(KW/EX‐17‐148(117‐15)), Hong Kong East Cluster Research
Ethics Committee (HKECREC‐2017‐082) and Institutional
Review Board of the University of Hong Kong/Hospital
Authority Hong KongWest Cluster (UW 17‐507) (Table S1).
Patient consent was exempted by the committees as it was a
retrospective study and no patient identifiers were obtained.
The study was conformed to the standards of the Declara-
tion of Helsinki.

3 | RESULTS

A total of 3515 admissions were identified. After manual
review of records, 361 admissions were excluded due to
inappropriate discharge coding (343), incomplete drug
records (15) and duplication of patients (3). Data of 3154
hospitalization episodes from 2280 patients remained for
analysis.

3.1 | Baseline characteristics and
comorbidities

The baseline demographics, clinical characteristics,
healthcare utilization related to asthma exacerbation and
drug prescription are listed in Table 1. The cohort had
elderly and female predominance. Most patients (1832,
80.3%) had at least one asthma‐associated comorbidity.
More than half of them had coexisting metabolic diseases
(1214, 53.2%), followed by cardiovascular (1132, 49.6%)
and atopic diseases (854, 37.5%). A detailed breakdown of
asthma‐associated comorbidities is listed in Table S2.

3.2 | History and prior care of asthma

Most (1697, 74.5%) patients had the onset of asthma≥18
years old. A total of 162 (7.1%) and 137 (6.0%) patients
required ICU admission and IMV for asthma exacerba-
tions respectively, while 885 (38.9%) patients were hos-
pitalized, and 1060 (46.5%) attended the AED at least
once for asthma exacerbation in the preceding year.

For asthma follow‐up, 1785 (78.3%) and 127 (5.6%)
patients had that in public and private sectors respec-
tively, with 368 (16.1%) patients either had no regular
follow‐up for asthma. Before the index admission, blood
eosinophil count was available for most patients (1723,
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75.6%), with a median count of 0.2 (IQR: 0.1–0.4) × 109/L.
About one‐third of patients (711, 36.0%) had spirometry
done before. Total serum IgE was checked in 138 (6.1%)
patients. Adequate atopic phenotyping, with total serum
IgE plus either allergy skin prick tests or RAST, were
performed in 60 (2.6%) patients of the whole cohort and
30 (5.8%) MA patients (Table 1). Other aspects of baseline
asthma care (documentation of PEFR and discussion of
an action plan), were also uncommon (≤10.0%, Table 1).

3.3 | Baseline drug prescription

A total of 1470 (64.5%) patients received ICS‐containing re-
gimen for asthma, while 782 (34.3%) patients were receiving
Step 1 treatment of GINA in the Year 2016 with no con-
troller medication. Use of long‐term OCS and biologics were
both uncommon (Table 1). A detailed breakdown of the
treatment regimen was listed in Table S3.

3.4 | Asthma control before the index
admission

Asthma symptoms in the 4 weeks preceding the latest clinic
visit were recorded in only 1019 patients. Of these, 616
(60.5%) had either partly controlled or uncontrolled asthma,
defined by the GINA 2016 recommendation,16 before their
index admission. The symptom burden based on the four
essential questions of symptom control listed by GINA re-
commendation was listed in Table 2. Daytime symptoms and
frequent SABA reliever use were common among patients.

3.5 | Comparison between patients with
and without long‐term follow‐up

Significant differences in various aspects existed between
patients with and without long‐term follow‐up (Table 3).

Patients who had no long‐term follow‐up were younger,
with more active smokers, less asthma‐associated co-
morbidities, less utilization of ICS‐containing regimen,
higher spirometric parameters and less phenotyping
workup. None of them had self‐monitoring of peak
expiratory flow rate.

3.6 | Comparison between patients with
single admission and multiple admissions

For asthma exacerbations, 1761 and 519 patients had SA
and MA in the Year 2016, respectively. Figure 1 shows
the frequency of hospitalizations for these patients,
which followed a Poisson distribution pattern. Hospita-
lizations for asthma exacerbations were more frequent in
patients with advancing age (Figure 2). MA patients had
a median of 2 (IQR: 2–3) admissions. They were older,
less likely to be active smokers and more likely to have
comorbidities compared to SA patients. More MA
patients had an onset of asthma≥18 years, history of
life‐threatening asthma exacerbation, urgent healthcare
utilization due to asthma exacerbation in the preceding
year, had either partly controlled or uncontrolled asthma,
regular follow‐up for asthma, received care in the public
sector and more investigations on asthma than SA pa-
tients (Table 1). A significant proportion of patients were
not prescribed any controller medication, (39.8% and
15.8% amongst SA patients and MA patients, respec-
tively). Nevertheless, MA patients were more likely to be
prescribed with an ICS‐containing regimen and received
GINA (2016) Steps 4 or 5 treatment regimens than SA
patients. The baseline postbronchodilator spirometric
findings and median blood eosinophil count of MA
patients were both significantly lower than SA patients
(Table S4). More MA patients received a check on total
serum IgE and adequate atopic phenotyping than SA
patients (Table 1). Detailed comparisons between SA and
MA patients are shown in Table 1 and Table S4.

TABLE 2 Frequency of asthma symptoms in the 4 weeks preceding the last clinic visit before the index admission

Asthma symptoms and control
Number of patients with the symptom present/number of
patients with the symptom assessment documented

Daytime symptoms more than twice per week, n (%) 481/1001 (48.1)

Night waking due to asthma, n (%) 271/947 (28.6)

SABA reliever needed more than twice per week, n (%) 429/968 (44.3)

Activity limitation due to asthma, n (%) 254/932 (27.3)

Asthma that was either partly controlled or uncontrolled
(presence of any of the above symptoms)a, n (%)

616/1019 (60.5)

Abbreviation: SABA, short‐acting beta‐agonist.
aClassified according to the Global Initiation for Asthma 2016 recommendation.16
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3.7 | Regression analysis of the factors
associated with multiple admissions

Clinical factors significantly associated with MA were
included in the Poisson regression analysis (Table 4).
Factors with incomplete documentation (such as spiro-
metric parameters and asthma control, with only 36.0%
and 44.7% subjects with data available, respectively), al-
though with a significant association, were not included
in the analysis. Age and a recent history of urgent
healthcare utilization were significantly associated with
the increasing number of hospitalizations for asthma
exacerbation. For every year increment of age from 18
years old, the incidence rate ratio (IRR) for hospitaliza-
tion was 1.003. For every additional episode of hospita-
lization or AED visit for asthma exacerbation in the
preceding year, the IRRs were 1.070 and 1.018 times,
respectively. The presence of neuropsychiatric (IRR:

1.142) and gastrointestinal (IRR: 1.154) diseases were the
only significant comorbidities associated with MA after
adjustment of other variables. Use of ICS‐containing
medication before the index admission was also asso-
ciated with multiple admissions. Baseline blood eosino-
phil count≤0.2 × 109/L was not significantly associated
with hospitalizations.

4 | DISCUSSION

This large, multicentre, territory‐wide retrospective
study evaluated the relationships between patients'
demographic, clinical characteristics, baseline disease
management, level of asthma control, and severe ex-
acerbation requiring hospitalization. Similar to other
large asthma studies, our cohort had a predominance
of elderly, female, nonsmokers and a high prevalence
of asthma‐associated comorbidities.8,17–21 Increasing
age, hospitalizations and AED visits for asthma ex-
acerbation in the preceding year, presence of neu-
ropsychiatric and gastrointestinal comorbidities and
use of ICS‐containing medications at baseline were
associated with an increasing number of hospitaliza-
tions for asthma exacerbation.

Ageing and asthma‐related comorbidities increase the
risk of severe asthma exacerbation and healthcare
costs.11,21,22 The relatively high prevalence of comorbid-
ities may be contributed by an older age range and in-
clusion of an extended list of comorbidities in our study.
Among the eight categories of comorbidity included in
our study, neuropsychiatric and gastrointestinal co-
morbidities remained significantly associated with MA
after adjustment of other factors (including age), thus
confirming the findings from previous studies.11,21 There
is a cumulative effect of urgent healthcare utilization for
asthma exacerbation (hospitalization and AED atten-
dance) in the preceding year on the number of hospita-
lizations in the subsequent year. Our findings thus
accord with previous reports that a history of recent
healthcare utilization is the strongest predictor of future
asthma exacerbations,12,18 and extend this to include
exacerbations that require hospitalizations. There is
emerging evidence that this increased risk of future
asthma exacerbations may last more than 5 years,
although the timing of these future exacerbations is lar-
gely unpredictable.23 Nevertheless, a history of asthma
exacerbation within a year, and probably for even a
longer time frame, should flag for optimization of asthma
care, especially in the elderly with neuropsychiatric and/
or gastrointestinal comorbidities.

The difference between SA and MA patients in our
study also shared some other similarities with previously

FIGURE 1 Number of hospitalizations for asthma
exacerbation per patient in the Year 2016. The frequency of
hospitalizations for asthma patients in the Year 2016 follows a
Poisson distribution pattern. A total of 1761 and 519 patients had
single and multiple admissions, respectively

FIGURE 2 Number of patients hospitalized for asthma
exacerbation across different age groups. Hospitalizations for
asthma exacerbations were more frequent in patients with
advancing age
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reported cohorts, while retaining its unique features. MA
patients had significantly lower pre‐ and post-
bronchodilator spirometric parameters than SA
patients.13,24 More MA patients had their asthma partly
controlled or uncontrolled compared to the SA
patients.25,26 The recently reported association between
blood eosinophils count greater than 0.4 × 109/L and
more severe exacerbations, however, could not be con-
firmed by our study.14 Most of our patients were elderly
and might have a preponderance of T2‐low asthma.
Further prospective studies to define the endotypes and
phenotypes of these hospitalized patients can provide
more information about their relationship with asthma
exacerbations.

The level of asthma control captured in our cohort
fell far short of the goals for long‐term management in
international guidelines. Although it has long been re-
cognized in community‐based studies worldwide,27–30

similar data from hospitalized asthma patients, however,
are lacking. Controller medications, especially ICS, were
underused in our hospitalized patients with only 64.8%
were receiving ICS before their hospitalizations in the
current study. Even amongst those with MA, 15.6% of
them were not on any controller treatment. The actual
rate of using ICS‐containing regimen by asthma patients
in real‐life could even be lower due to non‐adherence
and poor drug inhalation technique, which are common
problems among asthma patients.31 Moreover, workup
on asthma, including lung function assessment & ade-
quate atopic phenotyping, even amongst those with MA,
was infrequent. Self‐management action plan has been

proposed as an integral part of asthma management but,
similar to other studies, only 10% of our patients had an
action plan discussed.16,28,32,33 We believe that recurrent
asthma exacerbations can be reduced by reinforcing
these essential components of asthma care.

Asthma care should be optimized by overcoming
management gaps for several groups of asthma patients.
Patients on GINA Steps 4 and 5 treatment and had
multiple hospitalizations for asthma exacerbations (313,
60.3%), and those with either partly controlled or un-
controlled asthma before the index admission (616, 60.5%
of those with symptom assessment documented), should
have early and regular review as an important part of
their usual care. Optimal care should include a proper
assessment of asthma control, identify and prevent the
triggers of asthma exacerbations, review diagnosis and
medications adherence, and suitable pharmacological
treatment. Treatment with biologics in appropriately se-
lected patients should be considered as they have been
shown to reduce exacerbations, including those required
AED visit and hospitalization, and maintain disease
control.34 It is disappointing to note that phenotyping, a
prerequisite of biologic treatment, was often incomplete
as only 2.6% of the whole cohort and 5.8% of patients
with MAs had their atopic status assessed. However,
clinical care should not only be focused on patients with
severe or uncontrolled asthma. In our cohort, 38.1% of
patients had seemingly controlled or mild asthma (on
GINA Steps 1 or 2 treatments) before their index ad-
missions were subsequently hospitalized at least once for
their asthma exacerbation, a finding concords with other

TABLE 4 Clinical factors associated
with the increasing number of
admissions by Poisson regression
analysis

Parameters
Incidence rate ratio (95%
confidence interval) p Value

Age 1.003 (1.000–1.006) .021

Admission for asthma exacerbation in
Year 2015

1.070 (1.057–1.083) <.001

AED visit for asthma exacerbation in
Year 2015

1.018 (1.010–1.027) <.001

Baseline blood eosinophil count≤0.2 × 109/L 0.976 (0.902–1.057) .554

Cardiovascular comorbidities 1.046 (0.918–1.193) .500

Neuropsychiatric comorbidities 1.141 (1.047–1.244) .003

Metabolic comorbidities 0.936 (0.824–1.064) .314

Musculoskeletal comorbidities 0.916 (0.805–1.041) .177

Gastrointestinal comorbidities 1.155 (1.026–1.300) .017

Baseline use of ICS‐ containing medication 1.152 (1.043–1.272) .005

Note: Statistically significant (p< .05).

Abbreviations: AED, Accident and Emergency Department; ICS, inhaled corticosteroids.
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studies.23,35–37 Over‐rating asthma control and underuse
of controller medications are common features amongst
asthma patients worldwide.27,28 Physicians should ac-
tively question the presence of asthma symptoms, fre-
quency of rescue bronchodilator usage and assess the
level of asthma control during consultations as they were
associated with urgent healthcare utilization.38 Better
management strategy, including early identification of
these patients and initiation of appropriate asthma
treatments (with regular or as‐needed ICS),35 may alter
disastrous clinical outcomes and prevent hospitaliza-
tion.39 The occurrence of severe asthma exacerbation in
patients without long‐term follow‐up is also worrisome.
These patients were younger, with fewer comorbidities
and had better spirometric parameters. They, as well as
their attending physicians, might have ignored the need
for follow‐up and controller medications given the ap-
parently “mild” disease and better premorbid status.
Patient education, along with a regular follow‐up, should
be offered to this group of patient.

The biggest strength of this multi‐center territory‐
wide study is that it comprised a large patient population
from 11 participating general hospitals which covered
70% of all emergency admissions to the public healthcare
sector in Hong Kong40; thus these patients were highly
representative of the general population. The clinical
diagnosis of asthma exacerbation and medication records
were retrieved and verified manually by respiratory
specialists, that undoubtedly improved the data accuracy.
Such manual review also uncovered the real‐world
practice of suboptimal asthma care. A detailed review
of the demographic and clinical characteristics on this
large sample of hospitalized patients with asthma ex-
acerbations is rarely seen in other studies based on
computer database search.

There are several limitations related to the study de-
sign. The retrospective study has its intrinsic dis-
advantage in understanding the complex interaction
between asthma exacerbation and different clinical fac-
tors, including drug adherence31 and the exact level of
asthma control, as these might not be accurately docu-
mented. COPD was not excluded in the current study
and it might mimic the symptoms of an asthma exacer-
bation. However, the presence of COPD only contributed
to a small proportion in the whole cohort (119, 5.2%), and
these patients may belong to the subgroup of asthma‐
COPD overlap. An arbitrary period of 12 months from
January to December in the Year 2016 may fail to include
hospitalization episodes that happened just before or
after the Year 2016 and potentially misclassified MA
patients as SA patients. Lastly, the workup for asthma
and asthma‐related hospitalizations in the private sector
could not be reliably evaluated through the public

hospital system. However, the effect from such is likely to
be small, as only 5.2% of patients in our study received
medical care in the private sector andmore than 90% of
the population in Hong Kong seek in‐patient care in the
public hospitals.

In conclusion, we examined the baseline clinical
characteristics of asthma patients and identified risk fac-
tors associated with multiple hospitalizations for asthma
exacerbation in this territory‐wide retrospective review.
Patients with increasing age, an increasing number of
hospitalizations or AED visits for asthma exacerbation in
the preceding year, the presence of neuropsychiatric or GI
comorbidities, and the use of ICS at the baseline were
associated with an increasing number of hospitalizations
due to asthma exacerbation. We have also found sig-
nificant management deficiencies before their index
admission for severe asthma exacerbations. Targeting
these at‐risk patients with appropriate management
strategy including pharmacologic (ICS‐containing medi-
cations and biologics) and nonpharmacologic (proper
assessments and education) measures may reduce the risk
of severe exacerbations and in turn the economic burden
of asthma.
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