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ABSTRACT
Objective: To develop and validate a prediction risk score for identification of children at
risk of developing life-threatening asthma (LTA).
Methods: Our study utilized existing medical records and retrospective analysis to develop
and validate a risk score. The study population included children aged 2-17 years, admitted
with a primary diagnosis of asthma, to Sydney Children’s Hospital between 2011-2016.
Children admitted in the intensive care unit with asthma at risk of LTA (cases) and those
admitted into general ward (comparison group), were randomly divided into a derivation
and a validation cohort. Candidate predictors from derivation cohort were selected through
multivariable regression, which were used to estimate each child’s risk of developing LTA in
the validation cohort. Predictive performance of the risk score was evaluated by the area
under the receiver operating characteristic curve (AUROC) and Hosmer-Lemeshow good-
ness-of-fit test.
Results: The study population comprised of 1171 children; 586 in the derivation and 585 in
the validation cohort. Four independent candidate variables from derivation cohort (age at
admission, socioeconomic status, a family history of asthma/atopy and previous asthma hos-
pitalizations) were retained in the predictive model (AUROC 0.759; 95% CI, 0.694–0.823),
with a sensitivity of 78.5% and specificity of 46.6%.
Conclusions: Our risk algorithm based on routinely collected clinical data may be used to
develop a user-friendly risk score for early identification and monitoring of children at risk
of developing LTA.
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Introduction

Asthma is the most common chronic childhood con-
dition worldwide (1,2). Despite significant advances in
management, asthma still remains life-threatening and
a major cause of morbidity and distress to patients
and their families (3). Although rare in children,
asthma mortality remains a critical public health issue
as the majority of deaths are preventable (1,2). The
New South Wales (NSW) Child Death Review Team
(CDRT) report highlighted 85% of childhood asthma
deaths between 2004-2013 had modifiable factors that
increased their mortality risk. Children at risk of
dying from asthma attacks have now been identified
as a priority group of the NSW Ministry of Health,
with a subsequent recommendation to develop a risk

score for severe, potentially life-threatening asthma
(LTA) (4).

LTA is usually defined as an asthma attack with
risk of progression to respiratory failure, refractory to
treatment with inhaled bronchodilators and systemic
corticosteroids, and requiring intensive care unit
(ICU) admission and care (5,6). ICU admission is a
significant risk factor and potential precursor for
asthma death (7,8) and has been associated with
increased mortality even after the attack has resolved
(9). Early and correct identification of children who
are at risk of developing LTA, may prevent future
mortality by close monitoring of these children and
assisting in improved clinical decision-making.
Despite numerous scores predicting risk of asthma
attacks in children (10–14), there is no effective risk
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score identifying children at risk of developing LTA
to date. Therefore, the aim of this study was to
develop and internally validate a convenient and inex-
pensive novel prediction risk score for identification
of children at risk of developing LTA, to address the
CDRT’s recommendation.

Methods

Ethics

This study was approved by the Sydney Children’s
Hospital Network (SCHN) Human Research
Ethics Committee.

Study design and site

We utilized existing medical records and conducted a
retrospective analysis to develop and validate a risk
score for predicting LTA in children. The study was
conducted within Sydney Children’s Hospital (SCH),
Sydney, Australia. SCH is one of Australia’s leading
tertiary pediatric healthcare entities and a major
teaching hospital, providing all levels of care to a
diverse population of over 70 000 children. SCH also
receives children with acute severe asthma attacks
from other metropolitan and rural hospitals.

Study participants

The study participants included all children with a
primary diagnosis of asthma aged 2–17 years who
were admitted to SCH during 1 January 2011– 31
December 2016. Children were identified from the
patient record database at the SCH using ICD-10
diagnostic codes associated with asthma (J45), pre-
dominantly allergic asthma (J45.0), non-allergic
asthma (J45.1), mixed asthma (J45.8), asthma unspeci-
fied (J45.9) and status asthmaticus (J46). Children
were included if their presenting diagnoses were
related to respiratory infection/symptoms or allergy,
as these are common triggers for asthma attacks or
can be difficult to distinguish from asthma. Children
presenting for surgery, procedures and unrelated con-
ditions such as skin infection, gastroenteritis etc. were
excluded. Details of the study population selection is
illustrated in Figure 1.

As the objective of the study was to develop and
validate a risk score to identify children at risk of
developing LTA, we considered all children who were
admitted to the pediatric intensive care unit (PICU)
with an asthma attack as “cases”. These children were
admitted via the emergency department and the

general ward due to worsening respiratory status, or
transferred from other metropolitan or rural hospitals.
The admission criteria for PICU were based on the
SCHN guidelines (i.e. patients with severe or life-
threatening conditions which may progress rapidly to
respiratory failure and/or require endotracheal intub-
ation and mechanical ventilation, or require more fre-
quent or continuous inhaled nebulized medications
e.g. salbutamol infusion, that cannot be administered
safely on the general pediatric patient care unit) and
there were no changes during the study period.
Children admitted to the general ward with asthma
diagnostic codes and had no previous PICU admis-
sions were considered as the “comparison group”.
Only the most recent index admission was included
for children with multiple admissions during the
study period.

Data collection

Risk factors for developing LTA, including advancing
age, previous asthma hospitalization, family history of
asthma/atopy, lower socioeconomic status (SES),
comorbidities, immunization status, ethnicity back-
ground and obesity were identified from published
studies (6,7,15–28) and based on clinical expertise of
the investigators. Two investigators (ML and YB)
extracted the data from the patient records and entered
into a pre-defined template. Data collected included
socio-demographic and clinical factors such as age, sex,
Indigenous status, postcode of area of residence, expos-
ure to environmental tobacco smoke (ETS); asthma
history, and admission data including relevant investi-
gations and potential biomarkers. Area-level socioeco-
nomic status (SES) was assessed using the Australian
Bureau of Statistics Socio-Economic Indexes for Areas
(SEIFA), Index of Relative Socioeconomic Advantage
and Disadvantage (IRSAD), based on the child’s post-
code of residence. IRSAD was stratified into five cate-
gories from least to most disadvantaged according to
the postcode’s NSW percentiles (29).

Statistical analysis

Data were analyzed using statistical software SPSS ver-
sion 25.0 (30). To be able to develop and validate a
risk score for LTA within a single data set all children
(including cases and comparison group) were ran-
domly allocated into two equal groups: a derivation
cohort to develop the risk score, and a validation
cohort to determine its predictive value, using com-
puter-generated random numbers.
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Figure 1. Flow diagram showing the process of cohort selection. The exclusion of children is explained in the text. MDT, multidis-
ciplinary team. ALL, Acute lymphoblastic leukemia.
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To reduce the amount of missing data, we reclassi-
fied variables into broader categories, for example,
atopic conditions (hay fever, eczema, food allergy and
sensitization to any other allergens); and family his-
tory (both asthma and atopy) and dichotomized
the variable into “yes” vs negative or non-reported.
However, variables with >15% missing data that could
not be reclassified were excluded from analysis.

Risk score development
Patient or clinical factors that can be associated with
risk of LTA were selected and ordered based on litera-
ture review. Among the children in derivation cohort
only (which had both cases and comparison children)
a multivariable logistic regression model was used to
determine which of the patient characteristics had
independent predictive value for developing LTA.
Significant predictors were selected by backwards
elimination (with a p> 0.05 for removal of variables).
Only seven variables were entered at a time to avoid
overfitting. Only predictor variables at p� 0.05 were
retained in the final model.

Risk score validation
The b-coefficients associated with each independent pre-
dictor from final model derived in the developmental
phase were then used to calculate a risk score between
0–1 for each child in the validation cohort (including
both cases and comparison group). Score performance
was evaluated using discrimination, by determining area
under the receiver-operating characteristic curve
(AUROC), and calibration, using the Hosmer-Lemeshow
goodness-of-fit test. A score threshold to define ‘high
risk’ was selected by optimizing the balance between
sensitivity and positive predictive value (PPV).

Sample size and calculation
Sample size in prediction model development is usu-
ally determined by the event per variable (EPV) ratio:
the number of events (children with LTA in our
study) divided by the number of regression coeffi-
cients in the model. An EPV of �10 is usually
required to avoid overfitting (31). We anticipated 4–5
independent predictors of LTA (18), therefore we
required a minimum 50 children with LTA in each of
derivation and validation cohort. Annually there are
around 300 pediatric admissions in the general ward
and 30 admissions in the PICU with an asthma asso-
ciated diagnosis code. A retrospective record review of
data for 2010–2016 would provide us with a sample
of �90 children who were admitted in PICU for
asthma in the derivative and validation cohort.

Results

Background characteristics

This study included 1171 children, of which 989
(84.46%) were admitted to the general ward and 182
(15.54%) were admitted to PICU (Figure 1). The mean
age of children admitted to the general ward (compari-
son group) (4.56 years, SD ± 2.90) was younger than
those admitted to PICU (cases) (6.83± 3.78 years).
Males were predominant in both groups (60.0% in
comparison group vs 57.1% in case group), and almost
all children were recorded as non-Indigenous (98.2% in
comparison group and 98.4% in case group).

For 19.3% (n¼ 226) of the children in this study,
this was their first hospital admission with asthma i.e.
201 in comparison group and 25 in case group. The
average length of stay (LOS) was shorter among chil-
dren in the comparison group (1.59 ± 0.98 days) than
those in case group (3.41 ± 2.37 days). There was only
one death recorded in case group. The background
characteristics of the derivation cohort and the valid-
ation cohort are presented in Table 1.

Model development

The results of univariate and multivariable logistic
regression are presented in Table 2. Only four varia-
bles remained significant with p< 0.05 and thus the
final model (Table 3) retained these four independent
variables: age at admission, history of asthma/atopy in
the immediate family, SES of the child and number of
previous asthma hospitalizations.

The discriminative ability of this model in the
derivative cohort was good (AUROC ¼ 0.796; 95%
CI, 0.740� 0.851) (Figure 2A). Predicted and actual
risks were in fairly close agreement (Figure 3A), with
the Hosmer-Lemeshow test showing no indication of
a poor fit (X2 ¼ 7.28, p¼ 0.106).

Model validation

In the validation cohort, although the discriminative
properties of the model were expectedly lower than
those in the derivative cohort (AUROC ¼ 0.759; 95%
CI, 0.694� 0.823) (Figure 2B), the risk score was still
significantly predictive of LTA (p< 0.001). The cali-
bration bar graphs of our model (Figure 3B) showed
there was a trend in under-diagnosis in lower deciles
and over-diagnosis in the upper deciles on internal
validation. The Hosmer-Lemeshow test showed
acceptable calibration (X2 ¼ 10.13, p¼ 0.068). Crude
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calibration showed there was only a slight negative
bias of �0.0126 observed.

A threshold to identify children at risk of develop-
ing LTA was chosen aiming for approximately 80%
sensitivity and 50% specificity, which gave a score
threshold of 0.0718 (sensitivity: 78.5%, specificity:
46.6%). The false positive rate was 53.4%.

Discussion

To our knowledge this is the first study that has
developed and validated a risk score system for identi-
fication of children at risk of LTA. Our final predic-
tion model contained four significant variables that
are easily obtained from either history or administra-
tive data: age, family history of asthma/atopy, SES and

Table 1. Baseline characteristics of the derivation and validation cohort.
Derivative cohort

N¼ 586
n/N (%)

Validation cohort
N¼ 585
n/N (%) Total n (%)

Demographic features
Mean age (years ± SD) 4.89 ± 3.15 4.93 ± 3.18 1171 (100)
Male 365/586 (62.3) 332/585 (56.8) 1171 (100)
Indigenous 10/586 (1.7) 11/585 (1.9) 1171 (100)
No private insurance 270/586 (46.1) 290/584 (49.7) 1170 (99.9)
Area-level SES 1148 (98)
SES5 (highest) 252/570 (44.2) 241/578 (41.7)
SES4 181/570 (31.8) 201/578 (34.8)
SES3 74/570 (13.0) 86/578 (14.9)
SES2 41/570 (7.2) 22/578 (3.8)
SES1 (lowest) 22/570 (3.9) 28/578 (4.8)

Preferred language: not English 57/586 (9.7) 66/585 (11.3) 1171 (100)
Obesity 68/500 (13.6) 68 /502 (13.5) 1002 (85.6)
Atopy and exposures
Food allergy 93/582 (16.0) 115/583 (19.7) 1165 (99.5)
Anaphylaxis 30/582 (5.2) 50/583 (8.5) 1171 (100)
Drug allergy 34/557 (5.9) 35/579 (6.0) 1136 (97.0)
Atopic condition 333/586 (56.8) 333/585 (56.9) 1171 (100)
Atopic condition excluding food 314/586 (53.6) 312/585 (53.3) 1171 (100)
Family history of asthma/atopy 361/586 (61.6) 360/585 (61.5) 1171 (100)
Index asthma attack
URTI symptoms 437/581 (24.8) 466 /584 (79.8) 1165 (99.5)
Current antibiotics 53/586 (9.8) 44/585 (8.1) 1171 (100)
Illness duration (hours ± SD) 39.93 ± 37.51 44.43 ± 43.55 1171 (100)
Oxygen requirement 114/582 (19.6) 120/584 (20.5) 1166 (99.6)
Heart rate (bpm± SD) 138.33 ± 22.49 140.59 ± 22.68 984 (84.0)
Respiratory rate (bpm± SD) 42.87 ± 12.90 43.45 ± 12.40 1032 (88.1)
Accessory muscle use 1171 (100)
None 29/586 (5.1) 32/585 (5.5)
Mild-moderate 504/586 (88.1) 511/585 (88.1)
Severe 38/586 (6.6) 36/585 (6.2)
Intubated 1/586 (0.2) 1/585 (0.2)

Fever 291/583 (49.9) 283/584 (48.5) 1167 (99.7)
Length of stay (days ± SD) 1.84 ± 1.47 1.90 ± 1.46 1171 (100)
Season 1171 (100)
Summer 140/586 (23.9) 143/585 (24.4)
Autumn 190/586 (32.4) 209/585 (35.7)
Winter 128/586 (21.8) 133/585 (22.7)
Spring 128/586 (21.8) 100/585 (17.1)

Asthma history
Current use: any preventers 213/583 (36.3) 207/583 (35.4) 1166 (99.6)
Current ICS use 133/583 (22.8) 141/583 (24.2) 1166 (99.6)
Cromones/ leukotriene antagonist 53/583 (6.0) 32/583 (5.5) 1166 (99.6)
ICS/LABA Combination therapy 67/583(11.5) 50/583 (8.6) 1166 (99.6)
�3 asthma medication classes 24/583 (4.1) 20/583 (3.4) 1166 (99.6)
Healthcare Utilization
Previous asthma hospitalization ever 1141 (97.4)
0 335/571 (58.7) 316/570 (55.4)
1-3 192/571 (33.6) 209/570 (36.7)
�4 44/571 (7.7) 45/570 (7.9)

� 1 asthma hospitalizations in the last 12months 125/553 (22.6) 131/565 (23.2) 1078 (92.1)
�3 ED visits in the last 12months 24/523 (4.6) 29/525 (5.5) 1052 (89.8)
ED visits ever 1059 (90.4)
0 291/530 (54.9) 279/529 (52.7)
1 119/530 (22.5) 108/529 (20.4)
�2 120/530 (22.6) 142 (26.8)

Treated with intravenous salbutamol/ aminophylline ever 44/485 (9.1) 52/481 (10.8) 966 (82.4)

SD, standard deviation. URTI, upper respiratory tract infection. ICS, inhaled corticosteroids. ICS/LABA, inhaled corticosteroid/long acting beta agonist. GP,
general practitioner. bpm, beat per minute. ED, emergency department. SES, socioeconomic status.
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number of previous asthma hospitalizations. This
model performed well on validation with good dis-
criminative ability (AUROC 0.759) and acceptable
calibration despite showing a trend to becoming a
poor fit (X2 ¼ 10.13, p¼ 0.0684). Our threshold of

0.0718 (sensitivity: 78.5%; specificity: 46.6%) is able to
identify the majority of children at risk of develop-
ing LTA.

One major strength of this study was our large
sample size (1171 children), constituting 6 years of
asthma data from one of the largest pediatric facilities
in NSW. It is the largest Australian study on this
topic to date. Additionally, this score is clinically use-
ful, incorporating easily obtainable clinical and socio-
demographic data. The clinical application of this risk
score model can be illustrated by the following
example: a child aged 12 years with family history of
asthma/atopy who lived in an area corresponding to
SES1 and had experienced � 4 asthma hospitalizations
will have a risk score of 0.578, which is considered to
be high risk of developing LTA.

Comparison with other studies

Our findings were consistent with other studies dem-
onstrating increasing age (6,7,17), previous asthma

Table 2. Predictor variables associated with risk of developing life-threatening asthma (LTA) in children.
Children with LTA

(case group)
N¼ 91

Children without LTA
(comparison group)

N¼ 495
Univariate Analysis Multivariable analysis

n/N (%) n/N (%) Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Sociodemographic
Age at admission (per year) 91/91 (100) 495/495 (100) 1.18 (1.11� 1.26) <0.001 1.12 (1.03� 1.21) 0.007
Female Sex 35/91 (38) 186/495 (37.6) 1.04 (0.66� 1.64) 0.873 – –
Indigenous 1/91 (1) 9/495 (1.8) 0.60 (0.08� 4.79) 0.630 – –
Preferred language: not English 7/91 (7.7) 50/495 (10.1) 0.74 (0.33� 1.69) 0.477 – –
No private insurance 57/91 (62.6) 213/495 (57.0) 2.22 (1.40� 3.52) 0.001 – –
Area-level SES
SES 5 (highest, reference) 23/84 (27.4) 229/486 (47.1) – <0.001 – 0.004
SES4 22/84 (26.2) 159/486 (32.7) 1.38 (0.74� 2.56) 0.310 1.56 (0.79� 3.07) 0.201
SES3 17/84 (20.2) 57/486 (11.7) 2.97 (1.49� 5.93) 0.002 2.54 (1.12� 5.79) 0.026
SES2 13/84 (15.5) 28/486 (5.8) 4.62 (2.11� 10.14) <0.001 3.80 (1.50� 9.62) 0.005
SES1 (lowest) 9/84 (10.7) 13/486 (2.7) 6.89 (2.66� 17.86) <0.001 6.42 (1.90� 21.74) 0.003

Atopy
Drug allergy 6/91 (6.1) 29/495 (5.9) 1.04 (0.39� 2.78) 0.932 – –
Anaphylaxis 5/91 (5.7) 28/495 (5.7) 1.13 (0.42� 3.04) 0.808 – –
Food allergy 11/88 (12.5) 82/494 (16.6) 0.72 (0.37� 1.41) 0.335 – –
Atopic condition excluding food 47/91 (51.6) 267/495 (53.9) 0.91 (0.58� 1.43) 0.912 – –
Atopic condition 48/91 (52.7) 285/495 (57.6) 0.82 (0.53� 1.29) 0.393 – –
Family history of asthma/atopy 65/91 (71.4) 296/495 (59.8) 1.68 (1.03� 2.74) 0.037 2.34 (1.25� 4.36) 0.008
Asthma history
Previous asthma hospitalizations ever
0 24/82 (29.3) 311/489 (63.6) – – – <0.001
1-3 32/82 (39.0) 160/489 (32.7) 2.59 (1.48� 4.55) 0.001 2.09 (1.14� 3.85) 0.017
�4 26/82 (31.7) 18/489 (3.7) 18.72 (9.02� 38.86) <0.001 16.12 (7.22- 36.09) <0.001

�1 asthma hospitalizations in the last 12months 24/67 (35.8) 101/486 (20.8) 2.13 (1.23� 3.67) 0.007 – –
�3 ED visits for asthma in the last 12months 1/46 (2.2) 23/477 (4.8) 0.439 (0.06� 3.33) 0.425 – –
ED visits ever
0 21/55 (38.2) 270/475 (56.8) – 0.005 – –
1 12/55 (21.8) 107/475 (22.5) 1.44 (0.69� 3.03) 0.335 – –
�2 22/55 (40.0) 98/475 (20.6) 2.89 (1.52� 5.48) 0.001 – –

Current ICS 33/89 (37.1) 100/494 (20.2) 2.32 (1.43� 3.76) 0.001 – –
Current ICS/LABA combination therapy 19/89 (21.3) 48/494 (9.7) 2.52 (1.40� 4.54) 0.002 – –
�3 asthma medication classes 9/89 (10.1) 15/495 (3.0) 3.60 (1.52� 8.50) 0.003 – –
Any preventer 52/89 (58.4) 161/494 (32.5) 2.77 (1.75� 4.36) <0.001 – –
Obesity 14/88 (15.9) 54/412 (13.1) 1.25 (0.66� 2.38) 0.487 – –

ICS, inhaled corticosteroids. ICS/LABA, inhaled corticosteroid/long acting beta agonist. ED, emergency department. SES, socioeconomic status.

Table 3. b coefficients of the independent predictor variables
associated with risk of developing life-threatening
asthma (LTA).
Intercept and predictors b coefficient Standard Error

Age (per year) 0.109 0.041
Family history: asthma/atopy 0.849 0.318
SES
SES 5 (highest) – –
SES4 0.443 0.346
SES3 0.933 0.420
SES2 1.334 0.474
SES1 (lowest) 1.859 0.622

Previous asthma hospitalizations ever
0 – –
1-3 0.739 0.311
�4 2.781 0.411

Intercept �4.179 0.445

b coefficients are expressed per 1-year increase for age, for the condition
present in dichotomous variables, and for the category of ordinal varia-
bles. SES, socioeconomic status.
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hospitalizations (18,20), family history of asthma/
atopy (16) and lower SES (16) increase the risk of
developing LTA. Notably, risk of LTA increased expo-
nentially with each lower SES quintile in this study.

In this study, a history of � 4 asthma hospitaliza-
tions were the strongest predictor of LTA (OR ¼
16.12; 95% CI, 7.22– 36.09, p< 0.001), similar to study
done by Roberts et al. (20). This is a modifiable factor
as each hospital visit provides an opportunity for fol-
low-up and reassessment of severity, optimization of
control, lung function, atopy education and referral to
specialist care (18).

The CDRT report also revealed psychosocial issues
were a major factor, with 55% of children coming
from vulnerable families (4). Although we attempted
to examine this, it was largely missing. Assessing for
psychosocial issues is usually challenging when using
medical records.

Limitations

As this was a single center study, this may limit its
generalisability. However, SCH has a broad catchment,
providing care to a diverse population and readily
receives children from wider Sydney and rural areas.
Although we showed internal validity, external validity
needs to be demonstrated in an alternative setting.

We also experienced limitations inherent to retro-
spective studies such as missing data, and documenta-
tion bias and errors. We could not include major
factors such as asthma severity, medication adherence,

prior asthma education and a current asthma plan in
our analysis due to missing data. Additionally, many
investigations such as lung function and potential bio-
markers also could not be included due to missing
data. These factors have been shown to be important
in the literature (15,17,18,20,32–35). Missing data
could be the result of poor documentation, unaware-
ness of LTA risk factors by the attending physician or
non-response by the child/parent/carer.

Exposure to environmental tobacco smoke (ETS)
was another potential predictor which was not
included due to missingness. However, the association
between ETS exposure and LTA has been inconsistent
in the literature (6,7,15–17,22,23), and previous stud-
ies suggest self-reported ETS exposure was not a risk
factor (18). However, self-reported smoking measures
are generally under-reported (36), and thus an object-
ive measure such as salivary or urinary cotinine may
be useful in predicting risk associated with exposure
to ETS.

Additionally, lack of objective measures was also an
issue, as for almost all children serum IgE, skin prick
testing (SPT) or food challenge results were unavail-
able, so self-reported atopy was used. Although food
allergy and atopy were not significant in our analysis,
using objective atopic markers may show different
results. A small UK case-control study used SPT and
serum-specific IgE to show food allergy was independ-
ent risk factor for LTA (20) and the previous study at
SCH revealed higher IgE levels were also a risk factor
(18). Using objective measures would have strengthen

Figure 2. Receiver operating characteristic curve (ROC) for our model predicting development of LTA (shown in blue). The line of
no difference (AUROC ¼ 0.5) is also shown in red. Panel A is the ROC for the derivation cohort and Panel B, the validation cohort.
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this study’s validity. Moreover, the recategorization
and dichotomization of variables (atopy and family
history of asthma/atopy) into broader categories, may
have underestimated the true contribution of these
variables to the risk of developing LTA.

Implications and future directions

Identifying children at risk of developing LTA can help
tailor more effective management strategies to prevent
life-threatening asthma attacks and consequent mortality.

Figure 3. Calibration bar graph for our logistic prediction model showing the mean risk of each decile of predicted risks (red) and
actual risks (blue). Panel A: Derivation cohort; Panel B: validation cohort.
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These children can be then referred to ongoing active fol-
low-up through home visits, specialist care and continued
asthma education. Enhanced coordination of primary,
secondary and tertiary care schools and childcare services
through integrated care to strategically target children for
more assertive follow-up and improve engagement with
health providers is vital to prevent children from falling
through gaps in the healthcare system as elucidated in the
CDRT report (35). Knowledge that their child is poten-
tially at risk of LTA can also act as an incentive for par-
ental/carer behavior changes, such as smoking cessation
and medication adherence. It may also improve symptom
recognition and allow earlier seeking of medical attention.
Delays in seeking medical help is a modifiable factor in
the final event for a substantial proportion of children
and adults with a severe asthma attack (5,34,37–40). This
accentuates the importance of educating patients, parents/
carers, schools and childcare services in recognizing
symptom severity and implementing asthma first-aid.

Conclusion

This study has demonstrated that children at risk of
developing LTA can be identified using routinely col-
lected data in the clinical setting. Incorporating the
risk score into a computer-assisted tool may help
clinicians to easily use this algorithm in the ambula-
tory setting and improve identification and monitor-
ing of children at high-risk of developing fatal asthma.
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