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Background: Longitudinal predictors of persistent poor asthma
control in severe asthma (SA) cohort remain scarce. The
predictive value of the asthma severity scoring system (ASSESS)
in the SA cohort outside the original study and in the Asian
population is unknown.
Objective: We sought to determine the 5-year longitudinal
outcome of patients with SA and validate the use of ASSESS
score in predicting future outcomes in SA.
Methods: A prospective longitudinal observational study of
patients with SA attending the multidisciplinary specialist SA
clinic of the Singapore General Hospital from 2011 to 2021 was
conducted. The number of exacerbations and asthma control
test results were recorded yearly for 5 consecutive years. The
ASSESS score was computed at baseline, and the area under the
receiver-operating characteristic curve for predicting persistent
poor asthma control was generated.
Results: Of the 489 patients recruited into the study, 306
patients with 5-year follow-up data were analyzed. Seventy-
three percent had type 2 inflammation with increased overall
exacerbations over 5 years (rate ratio, 2.55; 95% CI, 1.31-4.96;
P 5 .006) relative to non–type 2 SA. In the multivariate model,
bronchiectasis, gastroesophageal reflux disease, and an asthma
control test score of less than 20 were significantly associated
with persistent poor asthma control over 5 years. ASSESS
scores were good at predicting persistent poor asthma control
with an area under the receiver-operating characteristic curve
of 0.71 (95% CI, 0.57-0.84).
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Conclusions: Bronchiectasis and gastroesophageal reflux disease
are predictors for persistent poor asthma control and targeted
traits for precision medicine in SA. The ASSESS score has a
good prediction for persistent poor asthma control over 5 years.
(J Allergy Clin Immunol Global 2024;3:100188.)
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Severe asthma (SA) accounts for 3% to 4% of patients with
asthma and is associatedwith poor quality of life, increased health
care utilization, and socioeconomic burden.1-5 As a complex and
heterogeneous disease, it has different clinical courses, treatment
responses, and airway inflammation. SA can be classified into
2 important endotypes on the basis of underlying inflammation:
type 2 (T2) and non-T2 asthma. T2 asthma accounts for approx-
imately 80% of SA, is often steroid-responsive, and is the target
for biologic treatment (anti-IgE, anti–IL-5, anti–IL-5R, anti–IL-
4R, and anti–thymic stromal lymphopoietin).6-10 Conversely,
non-T2 asthma is characterized by pauci-immune or neutrophilic
inflammation and is generally refractory to corticosteroid treat-
ment and most of the currently available biologic treatments
except for anti–thymic stromal lymphopoietin.11 Nonetheless,
the availability of biologic therapies allows a precision medicine
approach with targeted treatment based on underlying inflamma-
tory endotype in SA. However, biologic therapy is not widely
available, and cost remains a significant barrier in many countries
with substantial variation in licensing and reimbursement
criteria.12,13

Studies from several countries have shown that comprehensive
assessment and multidisciplinary management in SA clinics
improve asthma outcomes independent of biologic treatment.14-19

However, longitudinal outcomes beyond 1 year remain scarce,
and findings are diverse. Investigators from the Severe Asthma
Research Program III followed up 206 patients with SA over a
period of 3 years and performed annual sputum differential cell
counts. They reported that the group with the mixed inflammatory
phenotype (neutrophilic and eosinophilic) was associated with
greater lung function decline and patients with variable sputum
eosinophil had increased health care utilization.20 In a 10-year
follow-up study, Lee et al21 reported lower lung function and
higher basophil and platelet counts in the highly exacerbation-
prone SA group with 4 or more severe exacerbations per year,
and Soremekun et al22 reported that exacerbations (>_2 exacerba-
tions per year) and lung function declined. Kimura et al23 fol-
lowed up 105 patients with SA over 3 years and found that high
fractional exhaled nitric oxide (FENO) predicted future exacerba-
tion events. These findings highlight the heterogeneity of patients
1
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Abbreviations used

ACT: Asthma control test

ASSESS: Asthma severity scoring system

AUC: Area under the receiver-operating characteristic curve

BMI: Body mass index

FENO: Fractional exhaled nitric oxide

GERD: Gastroesophageal reflux disease

GINA: Global INitiative for Asthma

HRCT: High-resolution computed tomography

IQR: Interquartile range

RR: Rate ratio

SA: Severe asthma

T2: Type 2
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with SA and relatively scarce data on predictor and long-term out-
comes, particularly in Asian SA involving a multiethnic popula-
tion. In addition, the variations in health care systems, local
practices, policies, funding structure, and accessibility to biologic
therapies may significantly influence the outcomes of patients
with SA. Longer follow-up data are required to better understand
the heterogeneity and outcomes of the diverse population and
treatment approach.

There is a lack of objective measurement of asthma severity,
with discrepancies in the assessment by both primary care and
respiratory physicians.24,25 The asthma severity scoring system
(ASSESS) is a multidimensional tool incorporating various mea-
surements, including asthma control, lung function, medications
used, and exacerbation rate, intending to provide continuous
assessment of asthma severity.26 It has also been shown to predict
treatment response in SA. A 2-point decrease in the ASSESS
score is associated with improved quality of life. However, this
is not validated in the Asian cohort, and the correlation between
baseline ASSESS score and long-term SA outcomes is uncertain.

We sought to evaluate the longitudinal outcomes of patients
with SA over a period of 5 years and the predictors for persistent
poor asthma control. In addition, we aimed to validate the
ASSESS score and its use as a predictor of persistent poor asthma
control.
METHODS

Study participants
Patients with SA attending the Singapore General Hospital’s

multidisciplinary SA clinic were recruited to a prospective
longitudinal observational study from 2011 to 2021. Patients
who fulfilled the International Severe Asthma Registry criteria for
SA and those with complete 5-year follow-up data were included
in the analysis.6 A patient with SA is defined as one being on
Global INitiative for Asthma (GINA) 2018 step 5 treatment or
GINA step 4 treatment with any of the following: an asthma con-
trol test (ACT) score of less than 20, 1 or more emergency depart-
ment visits or hospitalizations, 2 or more steroid bursts per year,
or postbronchodilator FEV1 of less than 80%.3,6 The diagnosis of
asthma was based on the GINA guidelines (ie, variable symptoms
and documented expiratory flow limitation).3 A frequent exacer-
bator was defined as one who had 2 or more exacerbations
requiring systemic corticosteroids, emergency department visits,
or hospitalization. As per the International Severe Asthma Regis-
try criteria, T2-high asthma is when blood eosinophil count is
greater than or equal to 0.3 3 109/L, IgE is greater than or equal
to 75 IU/mL, or FENO is greater than or equal to 25 ppb.6 Clinical
data were collected at recruitment, including demographic char-
acteristics, smoking history, comorbidities, ACT score, pulmo-
nary function test result, blood or sputum eosinophil count, IgE
level, allergy sensitization test to common aeroallergens (by
either skin prick test or serum specific IgE), the number of exac-
erbations requiring systemic corticosteroid treatment, emergency
visits and hospitalizations, high-resolution computed tomography
(HRCT) result, and treatment received. ASSESS score was
computed using baseline ACT score, lung function, exacerbations
in the past year, controller medications, oral corticosteroids, and
biologics used.26 Follow-up records for ACT and exacerbation
frequency were obtained through the electronic medical record
and verifiedwith the patients. Bronchiectasis was defined as bron-
choarterial ratio of more than 1, lack of tapering, or visibility of
the airway within 1 cm of pleural surface on HRCT.27,28 Exacer-
bation was defined as worsening of asthma requiring systemic
corticosteroid for 3 or more days, emergency department visit,
or hospitalization.29 Gastroesophageal reflux disease (GERD)
was diagnosed on the basis of patient-reported symptoms, gastro-
enterology assessment, and response to treatment. Anxiety and
depression were diagnosed by formal psychiatric assessment.
Obstructive sleep apnea was based on polysomnography results.
Allergic rhinitis was defined on the basis of 1 or more symptoms
of sneezing, rhinorrhea, itching, nasal congestion, or being on
allergic rhinitis treatment.30 We defined uncontrolled asthma as
an ACT score of less than 20 and/or frequent exacerbations
(>_2 exacerbations per year) and persistent poor asthma control
as 4 or more years of uncontrolled asthma.

The Singhealth Centralised Institutional Review Board
approved this study (CIRB 2018/2486; 2010/810/C), and written
informed consent was obtained from all participants.

Statistical analysis
The statistical analysis was performed using R (version 3.6.1; R

Foundation for Statistical Computing, Vienna, Austria). Contin-
uous data were compared using the t test for normally distributed
data and the Mann-Whitney U test for nonnormally distributed
data. The chi-square test and the Fisher exact test were used for cat-
egorical variables as appropriate. The logistic regression model
was used with persistent poor asthma control over 5 years as the
dependent variable, and baseline variables with a P value of less
than .05 in univariate analysis were selected for inclusion in the
model. The goodness of fit was assessed by the Hosmer-
Lemeshow test. The exacerbations rate ratio (RR) was determined
with negative binomial regression controlling for potential con-
founding effects of age, sex, bodymass index (BMI), and treatment
received. The receiver-operating characteristic curve was gener-
ated to evaluate the model discrimination, and the area under the
receiver-operating characteristic curve (AUC) was calculated. An
AUC value of 1.0 indicates a perfect model, and a value of 0.5 in-
dicates a model that performs almost at random. The Sankey plot
was used to demonstrate a longitudinal trend for categorical vari-
ables. A significant level was defined as a P value of less than .05.
RESULTS

Characteristics of T2-high versus T2-low SA
Of the 486 patients with SA, 306 patients with complete

5-year follow-up data were included in the analysis. The baseline



TABLE I. Characteristics of overall cohort, T2-high and T2-low SA

SA Overall T2-low T2-high P value

No. of patients 306 83 223

Age (y), median (Q1, Q3) 59.0 (44.3, 71.0) 56.5 (33.0, 71.5) 60.0 (47.0, 71.0) .457

Age of onset (y), median (Q1, Q3) 27.0 (10.0, 46.0) 20.0 (10.0, 47.0) 29.0 (10.0, 46.0) .378

Sex, n (%) .694

Female 178 (58.2) 45 (54.2) 133 (59.6)

Male 128 (41.8) 38 (45.8) 90 (40.4)

Race, n (%) .356

Chinese 179 (58.5) 53 (63.9) 126 (56.5)

Indian 54 (17.6) 15 (18.1) 39 (17.5)

Malay 55 (18.0) 13 (15.7) 42 (18.8)

Others* 18 (5.9) 2 (2.4) 16 (7.2)

Smoker, n (%) .964

Ex-smoker 33 (10.8) 6 (7.2) 27 (12.1)

Never 232 (75.8) 65 (78.3) 167 (74.9)

Current 41 (13.4) 12 (14.5) 29 (13.0)

BMI (kg/m2), median (Q1, Q3) 25.3 (22.1, 29.4) 23.8 (21.1, 27.8) 26.0 (22.5, 29.8) .039

BMI, n (%) .047

Underweight (BMI < 18.5 kg/m2) 21 (6.9) 5 (6.0) 16 (7.2)

Normal (BMI 5 18.5-22.9 kg/m2) 79 (25.8) 31 (37.3) 48 (21.5)

Overweight (BMI 5 23-27.5 kg/m2) 103 (33.7) 24 (28.9) 79 (35.4)

Obese (BMI > 27.5 kg/m2) 103 (33.7) 23 (27.7) 80 (35.9)

Pre-BD FEV1% predicted, median (Q1, Q3) 72.0 (57.0, 87.0) 73.0 (57.0, 88.0) 71.0 (57.0, 85.0) .925

ACT score, median (Q1, Q3) 19.0 (15.0, 21.0) 19.0 (17.0, 21.0) 18.0 (15.0, 21.0) .424

ACT score < 20, n (%) 170 (55.6) 42 (50.6) 128 (57.4) .228

Frequent exacerbator past year, n (%) 158 (51.6) 37 (44.6%) 121 (54.3%) .321

Hospitalization in the past year, n (%) 141 (46.1) 28 (33.7) 113 (50.7) .012

Blood eosinophil count (3109/L), median (Q1, Q3) 0.440 (0.220, 0.690) 0.140 (0.0900, 0.210) 0.510 (0.360, 0.810) <.001

Blood eosinophil group (3109/L), n (%) <.001

<0.15 90 (29.4) 54 (65.1) 36 (16.1)

0.15-0.29 47 (15.4) 29 (34.9) 18 (8.1)
>_0.30 169 (55.2) 0 (0) 169 (75.8)

IgE (IU/mL), median (Q1, Q3) 299 (116, 683) 21.0 (14.1, 24.7) 310 (127, 693) .002

FENO (ppb), median (Q1, Q3) 25.0 (16.0, 47.0) 16.0 (13.3, 20.3) 32.0 (21.0, 48.0) .015

Near-fatal asthma, n (%) 25 (8.2) 6 (7.2) 19 (8.5) .895

HRCT, n (%) 146 (48) 24 (29) 122 (55) <.001

Bronchiectasis, n (%) 15 (10.3) 4 (16.7) 11 (9.0) .447

Anxiety, n (%) 13 (4.2) 3 (4.8) 10 (4.6) .945

Depression, n (%) 14 (4.6) 2 (2.4) 12 (5.4) .542

Eczema, n (%) 23 (7.5) 5 (6.0) 18 (8.1) .719

Allergic rhinitis, n (%) 184 (60.1) 41 (49.4) 143 (64.1) .027

GERD, n (%) 66 (21.6) 9 (10.8) 57 (25.6) .021

Obstructive sleep apnea, n (%) 8 (2.6) 0 (0%) 8 (3.6) .217

GINA, n (%) .079

Step 4 199 (65.0) 61 (73.5) 138 (61.9)

Step 5 107 (35.0) 22 (26.5) 85 (38.1)

Long-term oral steroids, n (%) 13 (4.2) 3 (3.6) 10 (4.5) .945

Biologics, n (%) 3 (1.0) 0 (0) 3 (1.3) .682

Baseline inhaled corticosteroid dose

(mg/d fluticasone-equivalent), median (Q1, Q3)

500 (320, 1000) 500 (400, 1000) 500 (320, 1000) .731

Anticholinergic, n (%) 24 (7.8) 0 (0) 24 (10.8) .004

Leukotriene receptor antagonist, n (%) 156 (51.0) 33 (39.8) 123 (55.2) .023

Theophylline, n (%) 55 (18.0) 12 (14.5) 43 (19.5) .620

Pre-BD, Prebronchodilator. Bold indicates variables with P < .05.

*Other races include Sikh, Bangladeshi, Arabian, and Eurasian.
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characteristics of the patients are provided in Table I (see also
Table E1 in this article’s Online Repository at
www.jaci-global.org). The patients with SA had a median age
of 59 years (interquartile range [IQR], 44-71 years), female pre-
dominance (58.2%), and a median ACT score of 19 (IQR, 15-
21); 55.6% had an ACT score of less than 20, 51.6% had frequent
exacerbations in the past year, 13 (4.2%) patients were on long-
term oral corticosteroids, and only 3 (1%) patients were on bio-
logic treatment. Most patients were T2-high (n 5 223; 73%)
with median blood eosinophil count of 0.51 (0.36-0.81 3 10 9/
L), IgE level of 310 (127-693 IU/mL), and FENO value of 32
(21-48 ppb). Compared with T2-low SA, T2-high SA had higher
BMI (median, 26 vs 23.8; P 5 .039), higher proportion with hos-
pitalizations in the past 1 year (50.7% vs 33.7%; P 5 .012),

http://www.jaci-global.org/
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allergic rhinitis (64.1%vs 49.4%;P5.027), andGERD (25.6%vs
10.8%; P 5 .021).
FIG 1. Increased exacerbations with T2-high SA. Forest plot illustrating the

RR (circles) with 95% CI (error bars) for exacerbations (Exac) at each follow-

up year in T2-high SA relative to T2-low SA. Colors correspond to signifi-

cant levels: red (P < .05) and gray (not significant).
Longitudinal asthma outcomes for patients with

T2-high and T2-low SA
We next assessed the longitudinal outcomes over 5 years in

patients with T2-low and T2-high SA. The T2-high SA group had
increased overall annual exacerbations over 5 years (RR, 2.55;
95% CI, 1.31-4.96; P 5 .006) compared with the T2-low SA
group, but had no significant difference inACT score over 5 years.
The number of exacerbations was significantly higher in the first
3 years of follow-up (see Fig E1 in this article’s Online Repository
at www.jaci-global.org) (Fig 1), adjusted for age, sex, BMI, and
treatment received (inhaled corticosteroid strength, anticholin-
ergic, long-term oral corticosteroid, leukotriene receptor antago-
nist, and biologics). The RRs for exacerbations in the T2-high SA
group compared with the T2-low SA group are as follows (Fig 1):
first year, 3.11 (95% CI, 1.28-7.57; P 5 .01); second year,
4.00 (95% CI, 1.49-10.72; P 5 .01); third year, 2.93 (95% CI,
1.11-7.70; P 5 .03); fourth year, 1.59 (95% CI, 0.58-4.31; P 5
.36); and fifth year, 1.43 (95% CI, 0.51-3.99; P 5 .50). There
were higher exacerbations at years 1 and 2, with a subsequent
decrease in exacerbations from year 3 onward. This is likely
contributed by ongoing systematic assessment and multidisci-
plinary care of SA at specialist asthma clinics.
Predictors for persistent poor asthma control over 5

years
Having identified the poor outcomes in T2-high SA, we next

sought to determine other predictors of persistent poor asthma
control over 5 years. Overall, 26% (n 5 58) of patients with
T2-high SA and 10% (n5 8) of those with T2-low SA had persis-
tent poor asthma control over 5 years. There was an overall
decrease in the proportion of patients with uncontrolled asthma
at follow-up (year 1: n 5 133 [43%]; year 2: n 5 109 [36%];
year 3: n 5 97 [32%]; year 4: n 5 104 [34%]; and year 5: n 5
96 [31%]) compared with baseline (n 5 246 [80%]) (Fig 2, A).
A trend toward a reduction in the proportion of patients with an
ACT score of less than 20 was observed from baseline to year 5
of follow-up, but the number of frequent excerbations remained
similar from year 1 to year 5, after an initial decrease from base-
line (Fig 2, A and B). High BMI, low baseline ACT score, depres-
sion, and GERD were associated with persistent low ACT score
(<20 for >_4 years), whereas frequent exacerbation and high eosin-
ophil count at baseline were associated with persistent exacerba-
tions (>_2 exacerbations per year for >_4 years) over 5 years (see
Tables E2 and E3 in this article’s Online Repository at www.
jaci-global.org).

Table II provides the predictors of persistent poor asthma con-
trol over 5 years. On univariate analysis, high BMI and exacerba-
tion frequency, lower baseline ACT score, high eosinophil count,
bronchiectasis, GERD, and biologic and anticholinergic treat-
ment were associated with persistent poor asthma control over
5 years. The multivariate logistic regression model for predicting
poor asthma control over 5 years was generated on the basis of the
variables with a P value of less than .05 in the univariate analysis.
The Hosmer-Lemeshow goodness-of-fit test suggests that
the model was well fitted (x2 5 27.11; degree of freedom 5 8;
P 5 .167). The presence of bronchiectasis and GERD and an
ACT score of less than 20 were predictors for the persistence of
poor asthma control over 5 years on multivariate logistic regres-
sion (Table III).
Relationship between baseline ASSESS score and

longitudinal asthma outcomes
Asthma severity was measured using the ASSESS score, a

multidimensional tool that incorporates various components of
asthma control, including symptoms, lung function, treatment,
and exacerbations26 (Table IV). The T2-high SA group had an
overall higher ASSESS score (median, 10 [IQR, 8-12] vs 9
[IQR, 8-11]; P 5 .018) at baseline compared with the T2-low
SA group. This was mainly driven by a higher proportion of pa-
tients with T2-high SAwith asthma exacerbations (Table IV).

We next evaluated the association between baseline ASSESS
score and 5-year longitudinal outcome. Patients with uncontrolled
asthma at follow-up years 1 to 5 (Fig 3, A-E) and those with
persistent poor asthma control over 5 years had higher baseline
ASSESS scores (median, 11 [IQR, 9-12] vs 9 [IQR, 8-11];
P < .001) (Fig 3, F). The AUC for ASSESS score in predicting
persistent poor asthma control over 5 years was 0.71 (95% CI,
0.57-0.84) (Fig 4), and the threshold for ASSESS score on the ba-
sis of the Youden index was 10.5 (sensitivity, 53%; specificity,
66%).
DISCUSSION
The prevalence of T2-high SAwas 73% in our cohort. Patients

with T2-high SA were more likely to be overweight and obese
with a greater frequency of severe exacerbations and comorbid
allergic rhinitis and GERD at baseline (Table I). On longitudinal
assessment, the T2-high SA group demonstrated higher overall
exacerbations over 5 years, with a greater number of exacerba-
tions occurring in the first 3 years of follow-up. Therewas an over-
all improvement in symptoms and exacerbations during the
follow-up period relative to baseline, suggesting benefit after
multidisciplinary SA clinic management. However, there re-
mained a substantial proportion of patients (24%) with poor
asthma control over 5 years. Of those with persistent poor asthma

http://www.jaci-global.org/
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FIG 2. A-C, Sankey plots illustrating the changes in the proportion of patients with uncontrolled asthma

(Fig 2, A), frequent exacerbator (Fig 2, B), and an ACT score of less than 20 (Fig 2, C), from baseline (year

0) to year 5 of follow-up.
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control (n5 66), only 18 (3 at baseline and 15 during follow-up)
patients were on biologic treatment. Bronchiectasis and GERD at
baseline predicted persistent poor asthma control. The ASSESS
score was validated in our SA cohort with good performance in
predicting persistent poor asthma control (ACT score < 20 and/
or >_2 exacerbations per year for >_4 years) over 5 years. The ability
to predict patients with poor outcomes is vital for clinical decision
making, allowing early identification of ‘‘high-risk’’ patients for
targeted therapy (eg, biologic therapy), early control of disease,
and prevention of complications arising from poor asthma control
or frequent corticosteroid exposures.

T2-high asthma represents the main endotype, forming up to
80% of the SA cohort.6 T2-high asthma is assessed clinically with
raised blood or sputum eosinophil count, total and specific IgE,
and FENO.3,6 It is associated with increased comorbidity, exacer-
bations, and asthma severity.5,31,32 Although T2-high asthma is
corticosteroid-responsive, frequent systemic corticosteroid use
has resulted in significant morbidity and mortality.33,34 Cumula-
tive exposure of 0.5 g to less than 1 g, equivalent to 4 lifetime
courses of corticosteroid used, has been shown to increase the
risk of adverse consequences, including osteoporosis, pneu-
monia, weight gain, and diabetes.33 Therefore, approaches to
optimizing asthma control and reducing the use of systemic cor-
ticosteroids are paramount in asthma management. The advanced
understanding of T2 inflammation has led to the development of
various biologic therapies targeting different T2 pathways in SA.
Currently, 4 approved biologics are available in Singapore for T2-
high SA: omalizumab for allergic asthma; benralizumab anti–IL-
5R and mepolizumab anti–IL-5 for eosinophilic asthma; and du-
pilumab anti–IL-4 and anti–IL-13 for eosinophilic, allergic, and
oral corticosteroid–dependent asthma. In agreement with previ-
ous studies, we found a high prevalence of T2-high SA associated
with greater exacerbations, comorbidity, and persistent poor
asthma control.5,31,32 During the 5-year follow-up, 8% of patients
with T2-high SA and 1% of those with T2-low SA remained as
frequent exacerbators; however, only 17% of the T2-high
frequent exacerbators received biologic therapy. The use of bio-
logic therapies remains low in Singapore, contributed by the
high cost and lack of reimbursement from the government, patient
attitude, and perception of injection therapy.4

The benefits of specialist SA management were proven
consistently in previous studies, with improved overall outcomes,
including symptoms score and lung function, reduced unsched-
uled health care visits, and oral corticosteroid use.14 Multidisci-
plinary and systemic approaches in managing SA with targeted
comorbidity treatment, adherence assessment, education, and
personalized management are important parts of SA manage-
ment, with improvement in long-term outcomes independent of



TABLE II. Predictors for persistent poor asthma control over 5 y

Persistent poor asthma control over 5 y No Yes P value

No. of patients 240 66

Age (y), median (Q1, Q3) 59.0 (36.5, 71.0) 60.5 (48.8, 72.0) .315

Age of onset (y), median (Q1, Q3) 25.5 (10.0, 46.0) 33.5 (15.0, 44.8) .491

Sex, n (%) .150

Female 134 (55.8) 44 (66.7)

Male 106 (44.2) 22 (33.3)

Race, n (%) .744

Chinese 140 (58.3) 39 (59.1)

Indian 40 (16.7) 14 (21.2)

Malay 45 (18.8) 10 (15.2)

Others 15 (6.3) 3 (4.5)

Smoker, n (%) .428

Ex-smoker 23 (9.6) 10 (15.2)

Never 184 (76.7) 48 (72.7)

Current 33 (13.8) 8 (12.1)

BMI (kg/m2), median (Q1, Q3) 24.8 (22.1, 28.8) 26.8 (23.7, 31.8) .022

Pre-BD FEV1% predicted, median (Q1, Q3) 72.0 (57.0, 87.0) 69.5 (54.3, 84.0) .747

ACT score, median (Q1, Q3) 19.0 (16.0, 21.0) 17.0 (15.0, 20.0) .010

Frequent exacerbator past year, n (%) 116 (48.3) 42 (63.6) .039

Eosinophil count (3109/L), median (Q1, Q3) 0.400 (0.205, 0.675) 0.500 (0.330, 0.780) .029

IgE (IU/mL), median (Q1, Q3) 287 (93.5, 691) 335 (164, 645) .648

FENO (ppb), median (Q1, Q3) 24.5 (13.8, 47.3) 27.0 (21.5, 39.5) .99

T2-high SA, n (%) 165 (68.8) 58 (87.9) .003

Near-fatal asthma, n (%) 19 (7.9) 6 (9.1) .956

HRCT, n (%) 97 (40.4) 49 (74.2) <.001

Bronchiectasis, n (%) 7 (7.2) 8 (16.3) .006

Anxiety, n (%) 8 (3.3) 5 (7.6) .318

Depression, n (%) 8 (3.3) 6 (9.1) .140

Eczema, n (%) 19 (7.9) 4 (6.1) .808

GERD, n (%) 37 (15.4) 29 (43.9) <.001

Allergic rhinitis, n (%) 143 (59.6) 41 (62.1) .933

Obstructive sleep apnea, n (%) 4 (1.7) 4 (6.1) .140

GINA treatment, n (%) .226

Step 4 162 (67.5) 37 (56.1)

Step 5 78 (32.5) 29 (43.9)

Long-term oral steroids, n (%) 8 (3.3) 5 (7.6) .318

Biologics, n (%) 0 (0) 3 (4.5) .004

Baseline inhaled corticosteroid dose (mg/d fluticasone-equivalent) 500 (320, 1000) 570 (360, 1000) .527

Anticholinergic, n (%) 14 (5.8) 10 (15.2) .045

Leukotriene receptor antagonist, n (%) 125 (52.1) 31 (47.0) .763

Theophylline, n (%) 40 (16.7) 15 (22.7) .525

ASSESS score 9.00 (8.00, 11.0) 11.0 (9.00, 12.0) .007

Pre-BD, Prebronchodilator. Bold indicates variables with P < .05.

TABLE III. Multivariate logistic regression table for the pre-

dictor of persistent poor asthma control (ACT score < 20 and/

or >_2 exacerbations per year for 4 y or more) over 5 y

Characteristics Odds ratio 95% CI P value

BMI 1.01 0.95-1.08 .69

T2-high asthma 2.31 0.71-7.53 .17

Frequent exacerbator 1.27 0.57-2.82 .76

ACT score < 20 2.57 1.14-5.80 .02

Bronchiectasis 4.16 1.19-14.59 .03

GERD 3.92 1.67-9.20 <.001

Anticholinergic 2.02 0.64-6.36 .23

Bold indicates variables with P < .05.
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biologic treatment.15,16,35 The SA clinic in Singapore General
Hospital is a multidisciplinary clinic run by SA respiratory spe-
cialists, asthma specialist nurses, and pharmacists, supported by
pulmonary function laboratories and allied health professionals,
including physiotherapists, social workers, and psychologists.
Our results have shown the effectiveness of our SA clinic, with
significant improvement in the overall outcome: 17% reduction
in patients with an ACT score of less than 20 and 38% reduction
in frequent exacerbators at first year of follow-up compared with
baseline. This highlights the importance of structured and multi-
disciplinary assessment of SA. Despite the comprehensive man-
agement, patients with comorbid GERD and bronchiectasis are
associated with persistent poor asthma control, particularly
persistent poor ACT score over 5 years. Bronchiectasis and
GERD have been associated with poor asthma control, and a
higher prevalence of bronchiectasis was reported in the SA
cohort.35-41 These comorbidities are important, and early
screening and treatment may affect asthma outcomes. A recent
small retrospective study has described improvement in outcomes
of patients given T2-targeted biologics with asthma and



TABLE IV. Component of ASSESS score in T2-low and T2-high SA

ASSESS score components Overall (N 5 306) T2-low (n 5 83) T2-high (n 5 223) P value*

ACT score, n (%) .742

0 point: ACT score 23-25 52 (17.0) 13 (15.7) 39 (17.5)

1 point: ACT score 20-22 84 (27.5) 28 (33.7) 56 (25.1)

2 points: ACT score 17-19 78 (25.5) 22 (26.5) 56 (25.1)

3 points: ACT score 14-16 51 (16.7) 12 (14.5) 39 (17.5)

4 points: ACT score 11-13 28 (9.2) 6 (7.2) 22 (9.9)

5 points: ACT score 8-10 7 (2.3) 1 (1.2) 6 (2.7)

6 points: ACT score 5-7 6 (2.0) 1 (1.2) 5 (2.2)

ASSESS ACT score, median (Q1, Q3) 2 (1, 3) 2 (1, 2) 2 (1, 3) .276

Lung function, n (%) .703

0 point: FEV1 >_ 80% predicted 103 (33.7) 28 (33.7) 75 (33.6)

1 point: FEV1 70%-80% predicted 69 (22.5) 22 (26.5) 47 (21.1)

2 points: FEV1 60%-70% predicted 45 (14.7) 10 (12.0) 35 (15.7)

3 points: FEV1 < 60% predicted 89 (29.1) 23 (27.7) 66 (29.6)

ASSESS lung function score, median (Q1, Q3) 1 (0, 3) 1 (0, 3) 1 (0, 3) .680

Controller medications, n (%) .079

4 points: step 4: medium-dose ICS 1 >_1 controllers or

high-dose ICS 1 >_1 controllers

199 (65.0) 61 (73.5) 138 (61.9)

5 points: step 5: high-dose ICS 1 >_2 or more controllers 107 (35.0) 22 (26.5) 85 (38.1)

ASSESS controller medications score, median (Q1, Q3) 4 (4, 4) 4 (4, 4) 4 (4, 4) .068

Oral corticosteroid, n (%) .945

0 point: No 293 (95.8) 80 (96.4) 213 (95.5)

1 point: Yes 13 (4.2) 3 (3.6) 10 (4.5)

ASSESS oral corticosteroid score, median (Q1, Q3) 0 (0, 0) 0 (0, 0) 0 (0, 0) .738

Biologics, n (%) .682

0 point: No 303 (99.0) 83 (100) 220 (98.7)

1 point: Yes 3 (1.0) 0 (0) 3 (1.3)

ASSESS biologic score, median (Q1, Q3) 0 (0, 0) 0 (0, 0) 0 (0, 0) .289

Asthma exacerbations, n (%) .019

0 point: None 107 (35.0) 33 (39.8) 74 (33.2)

2 points: Prednisone burst 58 (19.0) 22 (26.5) 36 (16.1)

4 points: Prednisone burst 1 hospitalization 141 (46.1) 28 (33.7) 113 (50.7)

ASSESS asthma exacerbations score, median (Q1, Q3) 2 (0, 4) 2 (0, 4) 4 (0, 4) .034

Total ASSESS score, median (Q1, Q3) 9.00 (8.00, 11.0) 9.00 (8.00, 11.0) 10.0 (8.00, 12.0) .018

ICS, Inhaled corticosteroid. Bold indicates variables with P < .05.

*P value corresponds to comparison between non-T2 and T2 asthma using the x2 test for categorical variables and the Mann-Whitney U test for continuous variables.
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bronchiectasis, which may be a promising treatment to address
the unmet needs in this group of patients.42 However, these find-
ings have not been validated in randomized controlled trials, and
hence we await future studies to validate these findings
(NCT05189613). Interestingly, factors influencing persistent
poor ACT score differ from persistent frequent exacerbations;
nonetheless, these are important outcomes, and targeted treat-
ments addressing these factors are required to reduce both symp-
toms and exacerbations.

The ASSESS score is a composite score developed as an
objective measurement of asthma severity. A 2-point decrease in
ASSESS score was associated with increased quality of life and
predictor of treatment response.26 It was reported to have good
specificity but poor sensitivity to detect outcome improvement,
including exacerbations, hospitalization, number of controller
medications, and quality-of-life score. However, the ASSESS
score has not been validated outside the original study and in
the SA cohort in Asia.26 This is the first study validating the use
of ASSESS scores in the multiethnic Asian SA population. Our
study showed an association between ASSESS score and the
long-term outcome of asthma control. This is contributed by the
inclusion of symptoms and exacerbation frequency in the
ASSESS score, whereby control at baseline predicts future
outcomes in SA. The ASSESS score had good performance in
predicting persistent poor outcomes over 5 years in our cohort
of patients with SAwith an AUC of 0.71.With the high prediction
for persistent poor asthma control, the ASSESS scoremay be used
as a monitoring tool for patients with SA on biologic treatment.

This is the first study that validates the use of the ASSESS score
outside the original study, demonstrating its potential to predict
5-year asthma control. Although our study is a longitudinal
prospective study with a large number of well-phenotype patients
with SA with complete 5 years of follow-up data, it has
limitations. First, because this is a single-center study, our result
is not generalizable to all patients with SA. Nevertheless, our SA
clinic is the largest SA service in Singapore and receives referrals
from primary care, respiratory, and internal medicine physicians,
and serves the Singaporean population from the southern and
eastern parts. Second, yearly lung function and biomarker testing
were not performed in all patients, and therefore, we could not
evaluate lung function changes or biomarker fluctuation,
including T2-high SA and low status over time, or compare
ASSESS score longitudinally. This is a limitation of real-world
observational study. Third, there were relatively few patients on
biologic treatment, and hence we could not evaluate biologic
response, the association with exacerbations, or use of ASSESS



FIG 3. A-F, Scattered boxplots showing the baseline ASSESS score in the presence (Yes) or absence (No) of

uncontrolled asthma at year 1 to year 5 (Fig 3, A-E) and persistent poor asthma control (>_4 years of uncon-

trolled asthma) over 5 years (Fig 3, F). Uncontrolled asthma is defined as an ACT score of less than 20 and/or

frequent exacerbations (>_2 exacerbations per year). Colors correspond to T2-low (blue) and T2-high (red)

SA. Boxplots illustrate the median and IQR and the largest and smallest values above or below the 75th

and 25th percentile, respectively. *P < .05; **P < .01; ***P < .001.

FIG 4. Receiver-operating characteristic (ROC) curve for ASSESS score in

predicting persistent poor asthma control over 5 years.
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score to predict biologic response. HRCT results were not
available for half of the cohort; therefore, the number of
bronchiectasis may be underdiagnosed despite having a normal
chest radiograph. Furthermore, the severity of bronchiectasis was
not quantified. Nonetheless, with the large cohort and 5 years of
follow-up data, this study has the potential to guide clinical
decision making and inform policy decisions.

Bronchiectasis and GERD were associated with poor asthma
control over 5 years among patients with SA. Comprehensive
assessment and management of SA in specialist clinics improved
overall SA outcomes. The ASSESS score can be used to identify
patients with poor asthma control. Future study is required to
evaluate the use of ASSESS as a monitoring tool for biologic
treatment response.
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