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Background: To investigate the impact of disease severity on exacerbation patterns and identify its potential as a risk
factor for future exacerbations in patients admitted for asthma exacerbations. 
Methods: We analyzed frequency and time to next exacerbation over a period of three years in 532 patients admitted
for exacerbation. Disease severity was selected as a potential risk factor for the events. Kaplan-Meier analysis was
used to identify the probability of future exacerbations. A Cox-proportional hazards model was used to assess inde-
pendent relative risks.
Results: Out of 532 patients analyzed, the frequency of exacerbations rose as the severity of the asthma increased. The
exacerbation rates in the following year were 1.66 per person for patients with mild asthma and 3.98 for patients with
severe asthma. The median time to the next exacerbation in patients with mild asthma was 61.4 weeks (95% CI, 40.1-
82.6) compared to 15.0 weeks (95% CI, 11.3-18.6) in patients with severe asthma (p<0.001). Multivariate analysis
showed that asthma severity (severe vs mild asthma, HR=1.42, 95% CI, 1.07-1.89), a history of 1-2 exacerbations
(HR=1.95, 95% CI, 1.45-2.63) or > 2 exacerbations (HR=2.32, 95% CI, 1.56-3.44) in the previous 12 months, and a
high number of comorbidities (≥5 vs none, HR=2.5, 95% CI, 1.41-4.45) were independent predictors of the probability
of future exacerbations.
Conclusion: Asthma severity is a strong independent risk factor for future exacerbations, and exacerbation rates also
become more frequent as the severity of the asthma increases. These findings help in better understanding of the nat-
ural course of exacerbations across the spectrum of asthma disease severity.
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Introduction
Asthma is a highly prevalent chronic respiratory disease that

according to a recent study, affects over more than 239 million
people worldwide [1]. Although the international asthma guide-
lines are updated on a yearly basis to include newly available inno-
vative inhaler medications [2,3], asthma exacerbations are still a
problem that not only remains but is following an upward trend
[4]. Many potentially modifiable factors have been demonstrated
as risk factors for exacerbation, including having uncontrolled
asthma symptoms [5], a history of near-fatal asthma [6], a history
of previous exacerbations in the previous 12 months [7], comor-
bidities [8], poor lung function [9] and exposure to noxious parti-
cles or allergens [9]. However, the disease severity of asthma has
not been exclusively investigated as a potential risk factor for
exacerbations. Recent research has demonstrated how the natural
history of asthma is frequently punctuated by exacerbations across
patients with asthma of varying severities, despite good asthma
control [10]. Other studies have found that the frequency of exac-
erbation becomes more frequent as the severity of the asthma
increases [11-17].

Therefore, it is important to note that asthma severity may be
a major driver of exacerbations and implies a causal relationship
between asthma phenotypes and asthma control. The author sug-
gests the hypothesis that asthma severity may be a potential risk
factor for future exacerbations and that exacerbation patterns may
be impacted by varying levels of asthma severity. Therefore, this
study was conducted to gain a better understanding of how varying
degrees of asthma severity impact future exacerbations, especially
among patients admitted for asthma exacerbation.

Methods

Study design
The study was a retrospective cohort study conducted between

October 2016 and September 2019. The protocol was approved by
the Institutional Review Board of Hat Yai Hospital. The study used
medical inpatient charts as the source of data. These charts included
details of each patient’s first admission for asthmatic exacerbation
based on the principal diagnosis by the International Statistical
Classification of Diseases and Related Health Problems 10 (code
J45.0-J45.9 and J46) in the discharge summary. All admission charts
were externally audited and diagnoses for asthmatic exacerbations
were confirmed by a pulmonologist. The need for individual consent
was waived by the committee due to no direct contact being made
with the patients. The study sample included 532 patients, whose
baseline characteristics, comorbidities, and asthma exacerbation
characteristics following hospitalization were recorded.

Patient population
The study population consisted of patients who met the follow-

ing criteria: diagnosed with asthma and asthmatic exacerbation
defined according to the standard of the Global Initiative for
Asthma (GINA) (2), aged >18 years, and a history of having good
asthma control as assessed by an asthma control test (score >23) in
the preceding12 weeks. Patients who died during their hospitaliza-
tion were excluded. Moreover, they were also excluded from the
study if they were pregnant; had a history of lung cancer, tubercu-
losis, lung fibrosis, previous lung surgery, or pulmonary edema; or
had incomplete clinical data on their asthma exacerbation events.

Each individual patient was recorded following the index event,
and all following exacerbation admissions during the study period
after discharge were recorded as well. For patients with multiple
visits for asthmatic exacerbations beyond the index event, the first
event only was incorporated in the survival analysis. 

Data collection
The demographic and clinical data associated with the investi-

gation and treatment of each admission were extracted from med-
ical records including age, gender, smoking status, comorbidities,
asthma severity, treatment steps, and number of exacerbations in
the previous 12 months. The clinical parameters collected during
admission included whether intubation was required, blood
eosinophil count (BEC), complications, duration of hospital stay
and last treatment steps before hospital admission. The clinical
parameters following discharge were the number of asthma exac-
erbations within 12 months of discharge and the length of time to
the first asthma exacerbation. Exacerbations following discharge
were defined as events that required an emergency room visit lead-
ing to the use of systemic glucocorticosteroids or leading to hospi-
talization. Level of asthma severity was classified into mild, mod-
erate and severe based on the intensity of the treatment required to
achieve good asthma control [18]. The treatment steps were
defined according to GINA stepwise management [2].

Statistical analysis
All statistical analyses were conducted using SPSS Statistics

version 23 for Windows. Continuous or ordinal values are present-
ed as mean ± SD and were analyzed using unpaired t-test.
Categorical values are presented as numbers with proportions and
were analyzed using Chi-square test. The log-rank test was used to
compare time to the first exacerbation after discharge at 3 years,
and the Kaplan-Meier method was used to build a probability of
having future asthma exacerbation curve. We used Cox proportion-
al hazards regression to calculate unadjusted and multivariate-
adjusted hazard ratios for future exacerbations for each factor;
p<0.05 in all statistical analyses was considered to indicate statis-
tical significance. The study built sequential models adding 1 risk
factor group at a time to the model to identify significant variables
until all variables were assessed for inclusion. A conservative value
for statistical significance was required for inclusion in the final
model (p≤0.001).

Results

Demographic characteristics
A total of 532 patients admitted for asthma exacerbation were

included in the study and their details are summarized in Table 1.
The mean age was 44.1±11.6 years, with a majority of them being
women (71.8%). There were 93 (17.5%) patients with a history of
smoking and the mean cumulative smoking period was 18.9±24.0
pack/years. Within the previous 12 months, 294 (55.3%) patients
had an experience of at least one exacerbation and the mean num-
ber of asthmatic exacerbations was 2.3±3.0. The mean length of
hospital stay was 2.3±3.0 days. A total of 87 (16.4%) patients had
been intubated. The mean BEC was 327.7±402.1 cells/mm3. In
terms of their asthma treatment, 252 (47.3%) patients were using
as-needed SABA. 

Baseline characteristic according to asthma severity
Among these 532 patients, 271 (50.9%) had mild asthma, 79
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(14.8%) had moderate asthma, and 182 (32.3%) had severe asth-
ma, with all characteristics shown in Table 1. The patients with
mild asthma had experienced fewer asthmatic exacerbations in the
previous 12 months before their present hospital admission (35.6%
vs 79.2% in severe asthma), while the number of previous exacer-
bations during the preceding 12 months was also lower for those
with mild asthma (0.63 per person) than for patients with severe
asthma (6.45 per person). Length of hospital stay showed no sig-
nificant differences among the different groups. Surprisingly,
patients with mild asthma had a higher proportion of complications
requiring intubation (21.4% vs 10.4% for those with severe asth-
ma) and the highest BEC (408.9±399.8 cells/mm3 vs 205.9±141.3
cells/mm3 for those with severe asthma).

Future asthma exacerbations following discharge
During the follow up period, the clinical data on future exacer-

bation events across all disease severity levels of asthma are sum-
marized in Table 2. A total of 408 (76.6%) patients experienced
one or more subsequent exacerbation within the following 12
months, whereas 124 (23.4%) did not experience an exacerbation.
As the level of asthma severity increased, the exacerbations were
found to be more frequent and more severe. In the first year after
hospitalization, the exacerbation rates were 1.66 per person for
patients with mild asthma, 2.42 for those with moderate asthma,

and 3.98 for those with severe asthma. Patients with severe asthma
had significantly higher rates of asthma exacerbations leading to
either emergency room treatment or hospitalization than those with
mild asthma. The median time to the first exacerbation after the
original hospitalization was significantly different among the
groups of different asthma severity (p for log rank test <0.001)
(Figure 1). In the patients with mild asthma, it was 61.4 weeks
(95% CI, 40.1-82.6), while for those with moderate asthma, it was
25.8 weeks (95% CI, 13.2-38.4), and for those with severe asthma,
it was 15 weeks (95% CI, 11.3-18.6). Furthermore, having a high
number of previous exacerbations within the past 12 months, male
sex, and having a high number of comorbidity diseases were sig-
nificantly associated with the time to the first future exacerbation
(Figure 1).

Risk factors for future exacerbations in patients admit-
ted for asthma exacerbation

From the Cox proportional hazards regression analysis, severe
asthma was found to be associated with a 42% increase in the risk
of future asthma exacerbations (Table 3). Furthermore, the follow-
ing factors were also found to be related to increased risk: a history
or number (>2 visits and 1-2 visits vs never) of previous exacerba-
tions in the last 12 months and a high number of comorbidity dis-
eases. According to sequential modelling, patients with severe

Table 1. Baseline demographics and characteristics of the study population 

Characteristic                                                                      All subjects        Mild asthma      Moderate asthma   Severe asthma        p
                                                                                                 (n=532)              (n=271)                  (n=79)                 (n=182)               
Age, years ±SD                                                                                                  44.1±11.6                    40.1±11.3                        55.6±12.2                        46.1±4.7                 0.055
Gender, n (%)                                                                                                                                                                                                                                                      0.873
Male                                                                                                                150 (28.2%)                79 (29.2%)                      22 (27.8%)                     49 (6.9%)                    
Female                                                                                                           382 (71.8%)               192 (70.8%)                     57 (72.2%)                   133 (73.1%)                  

Smoking status, n=325 (%)                                                                                                                                                                                                                                  <0.001
Current                                                                                                            57 (10.7%)                 43 (15.9%)                       9 (11.4%)                       5 (2.7%)                     
Former                                                                                                              36 (6.8%)                    11 (4.1%)                         5 (6.0%)                      20 (11.0%)                   
Never                                                                                                               265 (49.8%)               143 (52.8%)                     33 (41.8%)                    89 (48.9%)                   
NA                                                                                                                     164 (32.7%)                  74 (27.3%                       32 (40.5%)                    68 (37.4%)                   
Smoking, Pack/years                                                                                         18.9±24.0                     9.6±12.6                           8.4±7.0                         40.6±32.6              <0.001
Comorbidities, n (%)                                                                                                                                                                                                                                             <0.001
No                                                                                                                    283 (53.2%)               177 (65.3%)                     37 (46.8%)                    69 (37.9%)                   
1-2                                                                                                                     193 (36.3%)                  84 (31%)                       32 (40.5%)                     77(42.3%)                    
3-4                                                                                                                       41(7.7%)                    10 (3.67%                        9 (11.4%)                     212(12.1%)                   
15                                                                                                                        15 (2.8%)                           0                                 1 (1.3%)                       14 (7.7%)                    
Previous exacerbation(s) in last 12 months, n (%)                               294 (55.3%)                97 (35.6%)                      53 (67.1%)                   144 (79.2%)            <0.001
Number of previous exacerbations in last 12 months, times ±SD         2.3±3.0                      0.63±0.97                         4.0±1.73                        6.45±2.66              <0.001
Hospital stay, days ±SD                                                                                     3.2±2.9                        3.7±5.1                            3.0±2.7                           4.1±4.7                  0.258
Intubation, n (%)                                                                                             87 (16.4%)                 58 (21.4%)                      10 (12.7%)                    19 (10.4%)              0.005
BEC, cells/mm3                                                                                                327.7±402.1                408.9±399.8                    199.2±345.0                   205.9±141.3              0.353
Asthma medications, n (%)                                                                                                                                                                                                                                  <0.001
As-need SABA                                                                                                252 (47.3%)               252 (92.9%)                              0                                      0                            
Low dose ICS                                                                                                   19 (3.5%)                    19 (7.0%)                                0                                      0                            
Medium dose ICS                                                                                           17 (3.2%)                           0                               17 (21.5%)                             0                            
Low dose ICS/LABA                                                                                       62 (11.6%)                          0                               62 (78.5%)                             0                            
Medium dose ICS/LABA                                                                              159 (29.8%)                         0                                        0                            159 (87.3%)                  
High dose ICS/LABA                                                                                       23 (4.3%)                           0                                        0                             23 (12.6%)                   
LAMA                                                                                                                  17 (3.2%)                           0                                 1 (1.2%)                       16 (8.8%)              <0.001
Montelukast                                                                                                   131 (24.6%)                  10 (3.7%)                       19 (24.0%)                   102 (56.0%)            <0.001
Xanthine derivatives                                                                                     107 (20.1%)                 22 (8.1%)                       10 (12.6%)                    75 (41.2%)             <0.001
OCS                                                                                                                     7 (1.3%)                      2 (0.7%)                          3 (3.7%)                        2 (1.1%)                 0.043

Values are shown as mean ±SD or number (%); NA, not available; BEC, blood eosinophil count; SABA, short-acting beta-2 agonist; ICS, inhaled corticosteroid; LABA, long-acting beta-2 agonist; LAMA,
long-acting anti-muscarinic antagonist; OCS, oral corticosteroid.
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asthma were at increased risk of future exacerbations after adjust-
ment for age, number of previous exacerbations in the previous 12
months, comorbidities, and BEC, even in the final model (Table 4). 

Discussion 
This is the first study to identify the severity of asthma as a

strong independent risk factor for future exacerbations in patients
admitted for asthma exacerbation. The risk of future exacerbations
becomes higher as the severity of the asthma increases. Severe
asthma has a 42% higher risk of future exacerbations compared to
mild asthma. Additionally, an increase in the severity of asthma
also influences future exacerbation patterns. In those with severe
asthma, there is a higher frequency of exacerbations within the first

12 months and a greater probability of developing those events in
shorter time intervals compared to those with mild asthma. Also,
recent exacerbations still remain a strong, reliable independent risk
factor for future exacerbations, with the frequency of recent exac-
erbations also increasing as the severity of the asthma increases. A
high number of comorbidity diseases is also associated with future
risk of exacerbations after the variables are adjusted. Although the
level of BEC has a relation to asthma-related outcomes [19], this
factor could not be considered a predictor of future risk of exacer-
bations after adjustment. The robust data we have provided from
this study shows that the severity of asthma in patients admitted for
asthma exacerbation can predict future exacerbations and exacer-
bation patterns, including the frequency of exacerbations and the
length of time to the first future exacerbation following hospital-
ization. These findings can help to provide a deeper understanding

Table 2. Future severe asthmatic exacerbations following discharge.

Outcome                                                                                                 All subjects   Mild asthma   Moderate asthma   Severe asthma p
                                                                                                                  (n=532)         (n=271)                (n=79)                 (n=182)         

Future exacerbation within 12 months, n (%)                                                                                408 (76.7%)            188 (69.4%)                     61 (77.2%)                        159 (87.4%)     <0.001

Severe exacerbation(s) within 12 months, visits±SD                                                                     2.70±3.35                1.66±2.69                         2.42±3.26                           3.98±3.62        <0.001
Severe exacerbation leading to emergency room treatment within 12 months, visits±SD    1.66±2.41                1.01±1.88                         1.42±2.29                           2.48±2.75         0.006
Severe exacerbation leading to hospitalization within 12 months, visits±SD                            1.03±1.96                0.61±1.59                         0.80±1.58                           1.60±2.32         0.002
Median time to severe exacerbation, weeks (95% CI)                                                               27.0 (20.7-33.2)      61.4 (40.1-82.6)              25.8 (13.2-38.4)                 15.0 (11.3-18.6)  <0.001

Values are shown as mean±SD.

Figure 1. Kaplan-Meier curves indicating probability of having future severe exacerbations following discharge classified by a) asthma
severity, b) number of exacerbations in the previous 12 months, c) gender, and d) number of comorbidities
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of the linkage and natural course of asthma between severity of
asthma and asthma exacerbations.

In the patients admitted for asthma exacerbation that we exam-
ined for this study, the major determinant for the future risk of
exacerbation was the severity of their asthma (HR = 1.42; 95% CI
1.07-1.89). It is worth noting here that even though the asthma of
all participants was considered to be well-controlled based on their
responses to asthma questionnaires, they still experienced asthma
exacerbations. Our results suggest that asthma severity may be a
strong causal factor in future asthma exacerbations. The new con-
cepts on the severity of asthma refer to the intensity of the treat-
ment required to achieve control, and asthma control is defined by
the complete absence or minimal presence of symptoms or the lack
of a requirement for emergency treatment [18]. Nevertheless, there
is the possibility of some discordance in the relationship between
the severity of asthma and asthma control. The distinct asthma
phenotypes can explain this finding. The heterogeneity of the
underlying process of asthma affects the natural history and treat-
ment response, leading to the distinct features of the asthma phe-
notypes [20]. However, the varying disease activity in individual
patients may influence different asthma outcomes, such as by
manipulating the asthma severity and asthma control [18]. Several
different studies have demonstrated the overall frequency of asth-
ma exacerbation among patients with varying levels of asthma
severity, with up to a 22% frequency found in patients with mild
asthma [21,22], while in those with severe asthma, this rate
increased to 48% [23]. According to our results, we also found that
increased severity of asthma was associated with increased exacer-
bation frequency, in the periods of either the preceding year or the
following year. Moreover, our data suggest that increased severity
of asthma also makes a patient susceptible to a shorter time to their

first subsequent exacerbation following discharge. Among the
patients who had severe asthma, the length of time to the first sub-
sequent exacerbation was only 15 weeks – an important observa-
tion considering that such patients must be followed-up closely
after hospitalization. Thus, even when it is controlled, severe asth-
ma is still considered a severe form of asthma due to the future risk
of serious adverse events it presents [24] and the effects of the
asthma phenotype and the varying disease activity in individual
patients on the asthma severity [20]. Patients who used either as-
needed SABA as their only treatment or daily low-dose inhaled
corticosteroid were classified as having mild asthma; nevertheless,
the proportion of patients with mild asthma who were admitted for
asthma exacerbation was higher than the proportion of patients
with severe asthma. Our study concerned asthma exacerbations,
which are burdensome to patients with mild asthma. Recent sys-
tematic reviews support the understanding that the burden of exac-
erbations in patients with mild asthma is still considered problem-
atic in clinical epidemiology [22]. In our study, the level of BEC in
patients with mild asthma was rather elevated compared to those
with severe asthma, which could indicate that treating non-sup-
pressible airway inflammation with only SABA means that such
patients are being under-treated or not receiving the proper med-
ications, even though they are achieving asthma control.
According to the latest guidelines, the use of SABA alone is no
longer recommended, and now the concomitant use of an inhaled
steroid is suggested, even in treatment step 1 [2]. 

In the multivariate analysis of data for the entire cohort, a his-
tory of previous asthma exacerbations was associated with future
exacerbations in patients admitted for asthma exacerbations (HR =
2.32; 95% CI 1.56-3.44 for >2 previous exacerbations and HR =
1.95; 95% CI 1.45-2.36 for 1-2 previous exacerbations). This rela-

Table 3. Significant risk factors for future exacerbations following discharge in multivariate Cox regression analysis.

Clinical predictor                                                                                            HR (95% CI)                                                         p

Age                                                                                                                                                       0.99 (0.98-0.99)                                                                      0.010
Male gender                                                                                                                                      1.17 (0.90-1.53)                                                                      0.236
Number of exacerbations in previous 12 months                                                                    1.10 (1.05-1.14)                                                                    <0.001
1-2 visits vs none                                                                                                                          1.95 (1.45-2.63)                                                                   <0.001
>2 visits vs none                                                                                                                          2.32 (1.56-3.44)                                                                   <0.001

Number of comorbidities                                                                                                                                                                                                                     
≥5 vs none                                                                                                                                     2.5 (1.41-4.45)                                                                     0.002

Asthma severity                                                                                                                                                                                                                                      
Moderate vs mild asthma                                                                                                          1.11 (0.79-1.55)                                                                      0.531
Severe vs mild asthma                                                                                                                 1.42 (1.07-1.89)                                                                      0.017
Intubation                                                                                                                                       0.89 (0.61-1.28)                                                                      0.535

CI, confidence interval; HR, hazard ratio.

Table 4. Effects of multivariable adjustment on the association of disease severity of asthma with future exacerbations.

Model                   Mild asthma              Moderate asthma                           p                                   Severe asthma                        p

1                                                1.00                                             1.63                                                0.003                                                      2.51                                      <0.001*
2                                                1.00                                             1.31                                                0.098                                                      1.58                                        0.001*
3                                                1.00                                             1.52                                                0.009                                                      2.07                                      <0.001*
4                                                1.00                                             1.74                                               0.001†                                                     2.22                                      <0.001*
5                                                1.00                                             1.49                                                0.019                                                      1.70                                      <0.001*

Model 1 is adjusted for age; model 2 is additionally adjusted for number of exacerbations in previous 12 months; model 3, comorbidities; model 4, blood eosinophils; model 5 is the full model. Data are
expressed as hazard ratios; *p≤0.001 indicates significance 
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tionship that was observed in the present study has been noted pre-
viously [7,25-27]. In addition, a relationship between a high num-
ber of comorbidities (HR = 2.5; 95% CI 1.41-4.45) and future
exacerbations was observed in our study. This would indicate that
this variable should be recognized as an integral part of the core
management of asthma because of its potential for influencing the
clinical expression and severity of asthma [8]. However, no previ-
ous reports have supported the impact of the treatment of comor-
bidities on asthma severity and long-term clinical outcomes. 

The limitations of our study are mainly due to its structure as a
unicentric retrospective study, the findings of which may not have
external validity. Our database did not include data on spirometry
and other specific biomarkers, including fractional exhaled nitric
oxide and sputum eosinophil measurements. In addition, as base-
line asthma characteristics such as smoking status and comorbidity
were not well defined during the data collection process, they may
be under-reported in the clinical charts. Another important consid-
eration is that the precipitating factors of exacerbation were not
clearly identified, and such missing information might have con-
founded the clinical or laboratory outcomes. Moreover, our study
covered only two years, which may have been too short a period to
gather enough data or to recruit a large enough group of patients to
arrive at significant conclusions.

In conclusion, our study confirms the observation that the
probability of having future exacerbations following asthma-relat-
ed hospitalization increases in frequency as the severity of asthma
increases and shows that a history of exacerbations and comorbidi-
ties are also important factors in the likelihood of having future
exacerbations. These findings support the hypothesis that the
severity of asthma can predict exacerbations and may be a driver
of these adverse events. 
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