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ORIGINAL ARTICLE

At-risk children with asthma (ARC): a

systematic review

Audrey Buelo,' Susannah McLean," Steven Julious,” Javier Flores-Kim," Andy Bush,’
John Henderson,* James Y Paton,” Aziz Sheikh," Michael Shields,® Hilary Pinnock, ' the

ARC Group

ABSTRACT

Introduction Asthma attacks are responsible for
considerable morbidity and may be fatal. We aimed to
identify and weight risk factors for asthma attacks in
children (5—12 years) in order to inform and prioritise
care.

Methods We systematically searched six databases
(May 2016; updated with forward citations January
2017) with no language/date restrictions. Two reviewers
independently selected studies for inclusion, assessed
study quality and extracted data. Heterogeneity
precluded meta-analysis. Weighting was undertaken
by an Expert Panel who independently assessed each
variable for degree of risk and confidence in the
assessment (based on study quality and size, effect sizes,
biological plausibility and consistency of results) and
then achieved consensus by discussion. Assessments
were finally presented, discussed and agreed at a
multidisciplinary workshop.

Results From 16 109 records, we included 68 papers
(28 cohort; 4 case-control; 36 cross-sectional studies).
Previous asthma attacks were associated with greatly
increased risk of attack (ORs between 2.0 and 4.1).
Persistent symptoms (ORs between 1.4 and 7.8) and
poor access to care (ORs between 1.2 and 2.3) were
associated with moderately/greatly increased risk.

A moderately increased risk was associated with
suboptimal drug regimen, comorbid atopic/allergic
disease, African-American ethnicity (USA), poverty and
vitamin D deficiency. Environmental tobacco smoke
exposure, younger age, obesity and low parental
education were associated with slightly increased risk.
Discussion Assessment of the clinical and demographic
features identified in this review may help clinicians

to focus risk reduction management on the high-risk
child. Population level factors may be used by health
service planners and policymakers to target healthcare
initiatives.

Trial registration number CRD42016037464.

INTRODUCTION

Asthma is the most common long-term condition
in children, with European prevalence rates among
6-7year-olds ranging from 5% in Albania to 21%
in the UK.' Asthma is responsible for substantial
morbidity, resulting in 2.8 million school days lost
annually in the UK,* many involving time off work
for parents/carers.” In the UK, more than 25000

What is the key question?

» What are the factors that could enable
clinicians and healthcare services to ‘spot
the child’ (5-12 years) with asthma who is
at increased risk of a severe asthma attack
(requiring systemic steroids or hospital care)?

What is the bottom line?

» The ‘at-risk’ picture that emerges is of a
child with persistent symptoms who has
had previous attacks and is on a suboptimal
treatment regimen, especially if they have
poor access to healthcare services or other
risk factors including comorbid atopic/allergic
diseases, vitamin D deficiency, living in poverty
and being of African-American ethnicity.

Why read on?

» This systematic review identifies risk factors
and, based on the consensus view of an Expert
Panel, weights the factors to enable parents,
clinicians and healthcare services to target
evidence-based management on children with
asthma at most risk of having a severe attack.

of children and their parents, are associated with
accelerated loss of lung function® and may be fatal.

Asthma guidelines recommend that monitoring
should include regular assessment both of current
symptom control and future risk of an attack.®”’
Objective assessment of symptoms may be achieved
with questionnaires validated in children (eg, Paedi-
atric Asthma Control Questionnaire®; Childhood
Asthma Control Test’) or morbidity scores (eg,
Royal College of Physicians three questions'®) but
no evidence-based tools exist for informing assess-
ment of future risk in children.

Guidelines list factors associated with an
increased risk of attacks,® including a recent
history of severe attacks, poor symptom control,
allergic sensitisation, comorbid rhinitis, exposure
to environmental tobacco smoke (ETS), high use of
reliever medication, poor adherence to controller
medication, obesity, eosinophilia, elevated FE
psychosocial problems

. . . NO’
and impaired spirom-

doi:10.1136/ children are admitted annually with an asthma etry. The relative contribution of these factors to
thoraxjnl-2017-210939 attack.* Frequent attacks affect the quality of life  increased risk, and how they may be used to stratify
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risk is not clear; clarifying this issue has been identified as a
research priority.”

We were commissioned by Asthma UK to undertake a system-
atic review to identify factors associated with the risk of attacks
in children aged 5-12 years with asthma and, based on the
consensus view of a multidisciplinary Expert Panel, to weight
their importance and the strength of the underpinning evidence
to inform risk stratification.

METHODS
The systematic review is registered with PROSPERO
(CRD42016037464); the protocol is published.!! We followed
Cochrane methodology'? and Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) reporting
standards."

Search strategy

We searched MEDLINE, EMBASE, CINAHL, AMED,
PsycINFO and CENTRAL in May 2016: with no language or
date restrictions, identified unpublished and in-progress studies
from ClinicalTrials.gov and the ISRCTN registry (https://www.
isrctn.com), undertook forward and backward citation checks.
The search strategy was structured to include terms for ‘Asthma’
and ‘Exacerbations/Attacks’ and ‘Risk factors/Predictors’.!"
(Online supplementary table S1 gives detailed search strategies.)
We contacted experts in the field for potentially relevant papers
and anticipated risk factors to ensure we captured all likely
predictors.

Selection of studies

After initial deduplication and sift of obviously irrelevant titles
(NT, SM, SMcL, AudB), two reviewers (NT, SM or AudB and
SMcL or HP) independently screened titles/abstracts of papers
identified. Two reviewers (AudB and SMcL) screened the full
text of potentially eligible studies against review criteria. At
each stage, disagreements were resolved by team discussion with
advice from the study Steering Group (the grant holders and
other members of the ARC group).

Inclusion and exclusion criteria

The focus of the review was to identify factors that increased
a child’s propensity to asthma attacks. Definitions® 7 '* and key
decisions regarding operationalising the inclusion/exclusion
criteria are detailed in table 1. We used the American Thoracic
Society/European Respiratory Society Task Force'* definition of
severe asthma attacks: asthma symptoms and/or airway obstruc-
tion outside the normal variation for the patient necessitating a
short course of oral corticosteroids and/or hospitalisation/emer-
gency department use. The population included were children
aged 5-12 years with a doctor diagnosis of asthma. Studies with
a wider range of ages (eg, 3—18 years) were included if children
aged 5-12 were reported separately or if more than 50% of the
children were within this age range.

Quality assessment
We assessed study quality using Newcastle-Ottawa Scale for
cohort, case-control and cross-sectional study designs. '’

Table 1

Criteria for the search strategy and rules devised to operationalise inclusion/exclusion criteria

Search strategy Definition

Rules to operationalise

Population Children aged 5-12 years with doctor-diagnosed asthma, across all We included studies with a wider range of ages if results for children aged
‘Asthma’ severities and degrees of control 5-12years were reported separately or if more than 50% of the children
were within this age range.

We excluded:

» Studies in which the diagnosis of asthma was not doctor diagnosed (eg,
parent reported).

» Epidemiological studies in which the denominator was the general
population (eg, asthma admissions from deprived/rural/urban
communities) as opposed to a population of children with asthma.

Any setting
Outcome Severe asthma attacks as defined by the ATS/ERS Task Force'*: asthma ~ We excluded studies assessing risk factors for:
‘Exacerbations/Attacks’  symptoms and/or objective evidence of obstruction outside the normal B Attacks defined only by use of rescue bronchodilator medication.

variation for the patient necessitating (A) a short course (at least
3days) of oral corticosteroids, and/or (B) a hospitalisation or emergency

department visit requiring systemic corticosteroids

Risk factors/predictors

Any feature of the child, family or social context, clinical history,

» Poor control/severe asthma (eg, as defined in GINA®) unless ‘attacks’
were listed as a separate outcome.

» Failure to recover, relapse, early readmission from an existing attack.

» Fatality/intubation/ICU as specific outcomes (though these may be
included within the definition of severe asthma).

We excluded:

examination finding or test routinely available in clinical practice which B Tests currently only available in the context of research (eg, novel

increased the propensity of the child to have an asthma attack

Any routine clinical care (eg, attendance (or not) at routine reviews)
and disease-related behaviours (eg, adherence (or not) to preventer

medication)

Study designs
studies and case series)

Cohort, case-control studies and cross-sectional studies (but not case

biomarkers, genomics).
» Triggers for attacks, for example, respiratory tract infections, exposure to
airborne allergens, exercise.

We excluded:

» Trials of interventions (eg, inhaled steroids, self-management) proven to
reduce exacerbations because we anticipated confounding by indication.

» Complex/multifaceted interventions (eg, enrolled in a local disease
management initiative) because the impact is unlikely to be
generalisable.

We included controlled trials if they included an analysis that provided an
estimate of risk of an attack (eg, cohort or cross-sectional studies from
baseline data).

ATS, American Thoracic Society; ERS, European Respiratory Society; GINA, Global Initiative for Asthma; ICU, intensive care unit.
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Data extraction

We extracted details of study design, setting, population,
methods, risk factors, definition of asthma and attacks, quality
assessment, statistical analyses and results relevant to our objec-
tives using a piloted form, modified from the Cochrane Effective
Practice and Organisation of Care data collection form.'® We
contacted authors to clarify unclear or missing data.

Quality assessment and data extraction were conducted by
AudB or SMcL and one of eight reviewers (JFK, MW, HB, VD,
SS, MP, HKZ or ED) trained to undertake independent duplicate
quality assessment and data extraction. Disagreements in quality
assessment were independently verified and arbitrated by the
principal investigator (HP) who also checked the data presented
in the tables.

The results for each risk factor were entered onto a table
(online supplementary table S2), in order to facilitate weighting.
Within each factor, the results were listed from strongest to
weakest study design (ie, cohort, case-control, then cross-sec-
tional) and then ranked by study quality (quality assessment
score).

Data synthesis: risk factor weighting
We anticipated that clinical and statistical heterogeneity of data
would preclude formal meta-analyses. We therefore convened an
Expert Panel (selected to provide a range of perspectives from
among senior clinical academics of the Asthma UK Centre for
Applied Research and the research team) comprising a general
practitioner (GP) (HP), three respiratory paediatricians (JYP,
JH, MS) and two researchers with a public health background
(AudB, JFK), to make weighting decisions by reviewing the ORs
and Cls, or other relevant statistics, as presented for each risk
factor in online supplementary table S2. The Panel also had
access to the full-text papers. The experts initially worked inde-
pendently, and then met to reach consensus on weighting. In
methodology analogous to the grading of recommendations in
which both outcomes and quality of evidence are assessed, there
were two decisions to be made:

1. What is the risk associated with each factor? Following dis-
cussion, thresholds for the risk weighting based on the ma-
jority of ORs for each factor were agreed (see table 2). The
risk factor weighting ranged from ‘no’, ‘slightly’, ‘moderate-
ly’ or ‘greatly’ increased risk of future attack.

2. How confident is this estimate of risk? The Expert Panel
based the confidence assessment on the following criteria:
the number of studies, study design (cohort, case-control
and cross-sectional), quality of studies included (Newcastle-
Ottawa Scale), consistency of the results and the biological

Table 2  Thresholds for weighting risk factors

Thresholds and criteria for

Description decision
Risk weighting (OR) Greatly increased risk Majority of ORs >2.5
Moderately increased risk ~ Majority of ORs 1.5-2.5
Slightly increased risk Majority of ORs 1.1-1.5
No effect Majority of ORs <1.1
Confidence Highly confident Number, design and quality of
Slightly confident
Inconclusive Unable to decide onrisk  Inconsistent or insufficient

evidence

plausibility of the factors’ effect on risk of future attacks to
determine the confidence with which the estimates were
made. Assessments were rated as ‘highly’, ‘moderately’,
‘slightly” confident or ‘inconclusive/insufficient evidence’.
At the consensus meeting, each factor was considered in turn
and all available data taken into account when reaching the
decision on risk and confidence. Any subsequent discussion was
carried out by email.

Data synthesis: overarching risk

Risk factors for which there was sufficient evidence to reach a
consensus decision on weighting and confidence in the assess-
ment based on the decisions reached during Expert Panel discus-
sion were illustrated on a bubble plot. The position of the bubble
denotes the weighting of the risk factor and the size of the bubble
indicates confidence in the estimate.

End-of-project workshop

An end-of-project videoconference (to allow UK-wide partic-
ipation) workshop was held in January 2017, in which the
researchers and the members of the Expert Panel were joined
by a multidisciplinary group (n=18: including medical/nursing
professionals from primary and secondary care, health service
researchers, patient and public involvement (PPI) members)
who reviewed and helped interpret the findings. In addition
to the weighting table, data on each factor were presented to
the workshop as Forest plots (online supplementary table S3)
and the bubble plot constructed to visually display the overall
results. Each risk factor was discussed, the weighting assessment
reviewed and agreed, and the implications considered from the
perspective of the different stakeholders.

Patient and public involvement

Two parents of children with asthma (recruited from the Asthma
UK Centre for Applied Research PPI Group) were involved
throughout the study. In addition, representatives of Asthma UK
attended the end-of-project workshop.

Updating prior to publication

In order to update the review prior to publication, we under-
took forward citation on all included studies (January 2017).
Pursuing references from included studies is an efficient
approach to updating systematic reviews as it is unlikely that
relevant papers will have been published without citing at least
one of the included studies."”

RESULTS

Search results

The searches yielded 21 963 records. Figure 1 (PRISMA diagram)
gives details of the search and selection process. After deduplica-
tion and title/abstracts screening, 209 papers remained for full-
text review of which 45 were included. Forward and backward
citations yielded 23 additional papers; thus, 68 studies were
included in the final analysis.

Characteristics of studies

Of the 68 studies, 28 were cohort,'®™” 4 were case-control**=!
and 36 were cross-sectional studies.’*™ Study size varied mark-
edly from 38 participants with severe asthma in a study from the
Netherlands?® to 6.7 million participants in a US census-based

77 . . .
study.”” The studies came from 10 countries: 53 were based in

1819 21-24 27 28 3046 49 51-54 57-61 63 65 66 68 70 7173 74 76-78 80-84 86
the USA,

5 in the Netherlands,?® 2’ 47 ¥ ¢ 3 in Puerto Rico,’°** % 2 in
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l

Full-text papers
reviewed
N =209

l

Full text studies

Full-text papers excluded N = 164

Out of age range (27)

Study design/aims not relevant (36)
Not ATS/ERS exacerbation definition

(51)

- MEDLINE EMBASE AMED CINAHL PsycINFO cizct'r‘a’la;e_
= N = 8,060 N =7,400 N =83 N =2,661 N = 607 ES
o —_ ) il _3
; e T T
- oM reconds Duplicates removed
— identified P rieie
N = 21,963 o
¥ |
g T Mt Records excluded
g screened M=% 950
3 N = 16,109 =15,
Fy
3
=
w

Not doctor-diagnosed asthma (20)

Review article (5)

Not relevant risk factors (e.g. triggers)

(11)

Other (insufficient data, no full text

available, etc.) (14)

included
- N=45
§ Forward/backward -1
S citations included
£ N=23 Total number of
studies included

Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram. ATS, American Thoracic Society; ERS,

European Respiratory Society.

Canada,’®®? and 1 each in Brazil,” Chile,”* Costa Rica,®’ France,*”
Trinidad” and the UK.* Publication dates ranged from 199374
t0 2017."

The studies were heterogeneous on most characteristics,
including population size, recruitment strategy, definitions of
risk factors and attacks, and analytical approaches (confirming
our decision that meta-analysis was not appropriate). Figure 2
shows how key variables are illustrated in the Forest plots.

Study quality varied (figures 3-6; online supplementary table
S2). Most studies adjusted for at least age and gender, though 10
studies did not report adjusting for any potential confounders,
reducing their quality score, ™ 47626779 8183785

Overview of results

There were 33 risk factors identified, covering asthma disease
status, medication use, allergy/atopy, social context, care and
services, environment, and demography. Online supplementary
table S2 is the full weighting table containing detailed informa-
tion about populations studied, definitions used and analyses
performed grouped by risk factor. Online supplementary table S3
summarises the data for each risk factor (including Forest plots
of ORs where there were sufficient data) and the rationale for
the weighting decisions. Figures 3—6 summarise the two detailed

supplementary tables including simplified Forest plots. The text
below synthesises the findings and weighting for each risk factor.

The overarching risk assessment is illustrated in a bubble plot
(figure 7).

Greatly or moderately/greatly increased risk of attacks (figure
3)

Previous attacks (n=11)

Previous attacks were consistently associated with a greatly
increased risk of future attacks (ORs between 2.0 and
4,1).25 27 2935374344 698184 e 1o the consistency of findings
and quality of the studies the Panel was highly confident in this
assessment (figure 3).

Poor control and/or persistent symptoms (n=11)

Ten studies had at least one significant result demonstrating
that poor control or persistent symptoms identified a child at
moderately/greatly increased risk of future attacks (ORs between
1.4 and 7.8).20 2738 4149626569 7385 The exception was a small
(n=165), short duration (3 months) cohort study of moderate
quality which showed no association.*” The Panel was highly
confident in this assessment. Persistent symptoms of any severity

M Cross-sectional

‘ >10,001
Quality scores by names of papers

Study design Size: Number of children Outcome Decision rules
€ Ccohort ® <1,000 s Combination outcome OR <1.1no elffect,. )
one m— Hospitalisation 1.1-1.5 slightly |ncrgased risk, )
@ casecontrol . 1,001 - 10,000 B 1.5-2.5 moderately increased risk,
’ 4 S EDVisit

>2.5 greatly increased risk
Interpretation based on number, design and
quality of studies, consistency of results,
biological plausibility.

Oral steroid (OCS) course

Urgent/unscheduled care

Figure 2 Key variables and key to Forest plots. ED, emergency department.
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Risk Factor
Assessment

Studies with significant
risk factors

Study design
Citation:"f Quality score
Greatly increased risk
Previous
exacerbations

Cohort studies
Thomas 2005:%° 8/9
Haselkorn 2009b:%” 8/9
RISK Engelkes 2016:* 7/9
Greatly increased | Tolomeo 2009:* 7/9
Highly confident. | Schatz 2003:3¢ 6/9
Wu 2011:¥ 6/9
Zeiger 2012:** 5/9
Covar 2008:* 5/9

Studies with mixed or
insignificant findings

Forest plots for studies reporting ORs able to be
combined

e=Thomas 2005

w—taselkorn 20090

02009

02009

w—chatz 2003

—7ieger 2012

w=—Covar 2008

oo 2010

Overall messages
(rationale/caveat)

Variety of outcome
measures (hospitalisation,
ED visit, unscheduled
care).

Consistent findings: all
studies show an increase
risk.

Range of ORs 2.1t0 4.1

Cross-sectional
Forno 2010:%°6/10
Quezada 2016:% 6/10
Butz 2000:* 4/10

Cohort

Poor control Cohort

Dales 2002:%27/10
Stingone 2006a:%°7/10
Forno 2010:%°6/10
Lasmar 2007:7° 7/10
Canino 2012:%° 2/10

Moderately/greatly increased risk

and/or persistent | Robroeks 2012:2° 9/9 Halterman 2001:* 5/9 —taselkom 2009 | === persistent symptoms.

symptoms Haselkorn 2009b:?” 8/9 tasekorn 2000 | b Consistent findings in the
Kwong 2012:3 6/9 aittasditorn bia ‘ higher quality, larger

RISK Haselkorn 2009a:** 6/9 E— —— studies.

Moderately/ Case-control . = Range of ORs 1.4 to 7.84

greatly increased | Lieu 1997:*° 7/9 —_—

Highly confident Cross-sectional . o

@m—0ales 2002

gone 2006a

@mstingone 2006a

@—=torno 2010

Lasmar 2007 |

0 1 2 3 a 5 6 7 s
Logistic regression: OR (95% CI)

Variety of definitions of

0 1 2 3 4

5 6 7 8
sion: OR (95% C1)

Poor access to Cross-sectional Cohort

care (USA) Sarpong 1997:518/10 Halterman 2001:* 5/9
RISK Stingone 2006a:%¢7/10

Moderately/ Wood 2002:%2 5/10

greatly increased; | Canino 2012:%52/10

Moderately

confident

—rporg 1957 —_—

wm=stingone 20063

ammgtingone 20060 —
——

@mmstingone 20063

US studies

Access defined by
healthcare/medical
insurance arrangements.
Increased risk in 4 of 5
studies.

ORrange 1.24 to 4.41

0 1 2

3 4 5
Logistic regression: OR (95% C1)

Figure 3  Greatly increased risk: evidence for risk factors and weighting decisions. Note: The scale on all the Forest plots has been curtailed at an
OR of 8 to enable comparison between the plots for the different factors. If the Cls are very wide, and the upper limit extends beyond the plot this is
indicated with a line with an arrow. (95% Cls are given in online supplementary table S2 if required.) ED, emergency department.

as opposed to intermittent symptoms) were associated with
pp ymp
greater risk.?’” 3849 63 ¢

Poor access to healthcare (n=5)

Five studies examined access to healthcare defined by insur-
ance status. Four demonstrated that poor access to healthcare
was associated with a moderately/greatly increased risk of
attacks.®! © 8285 A small cohort study of moderate quality demon-
strated no increased risk in children with or without Medicaid
(a US social welfare programme).* The Panel was moderately
confident in this assessment. The studies were all US based with
participants from deprived inner-city populations: one study
controlled for ethnicity and poverty.®®

Moderately increased risk of attacks
Suboptimal drug regimen (n=9)
Five of the seven studies that examined high reliever (short-acting
beta, agonist (SABA)) use showed a positive association with risk of
attacks.” > #3* The increased risk was judged to be slight (ORs
between 1.2 and 1.3 in the three larger studies® ***°), though none
of the studies assessed very high levels of SABA use (figure 4).
Paradoxically, controller medication use was associated
with an increased risk of attacks, as clinicians followed guide-
line recommendations and prescribed inhaled corticosteroids
to children with poor control and previous exacerbations
(‘confounding by indication’). Sixteen studies were included in

this category: nine were suggestive of confounding by indica-
tion, > 2 483053 3556 5981 £ demonstrated fewer exacerbations
with controller use'® ** **#* and three showed no effect.’’ ¢ ¢

The most sensitive marker of moderately increased risk was
the ratio of controller-to-total medication. Suboptimal regimens
were typically defined (in accordance with Healthcare Effective-
ness Data and Information Set criteria®®) as a ratio of the number
of prescriptions for controller medication to total number of
prescriptions for asthma medication <0.5. Six of seven studies
that used this marker showed a significant relationship between
a suboptimal regimen and asthma attacks (ORs between 1.2 and
2.31824263153 3% 1y other approaches, two large, high-quality
cohort studies showed an association with use of regular medi-
cation and fewer attacks.?> ?° Thus, the Panel considered that a
suboptimal regimen was associated with moderately increased
risk, and were highly confident in their assessment.

Comorbid atopic/allergic diseases (n=6)

Two large, high-quality cohort studies analysed primary care
records from the UK* and the Netherlands.”” The UK study
found comorbid allergic rhinitis increased the odds of hospi-
talisation by 2.3 (95% CI 1.4 to 3.9),” whereas the Nether-
lands study found no increased risk of attacks in children with
comorbid eczema (RR 0.8, 95%CI 0.4 to 1.4), allergic rhinitis
(RR 0.8, 95%CI 0.5 to 1.2) or conjunctivitis (RR 1.4, 95% CI
0.7 to 2.7) compared with no comorbid allergic disease.”’
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Risk Factor
Assessment

Studies with significant
risk factors

Study design
Citation:"f Quality score

Moderately increased risk

Studies with mixed or
insignificant findings

Forest plots for studies reporting ORs able to be
combined

Overall messages
(rationale/caveat)

Slightly confident

Pinto-Pereira:’®6/10

Sub-optimal Cohort Cohort Regime defined by ratio of
medication Baltrus 2017:189/9 Schatz 2013:* 7/9 * ICS/total therapy.
regimen Spahn 2009:% 8/9 - Consistent finding in most
Andrews 2013:2* 8/9 4 studies (OR range 1.2 to
RISK Zhang 2013:%° 8/9 * 2.3). Other approaches,
Moderately Engelkes 2016:2°7/9 L] Spahn (ICS/LABA use in
increased; Farber 2014:3'7/9 - summer), and Engelkes
Highly confident Cross-sectional o N . (therapy vs no therapy)
Rust 2013:39/10 showed a positive effect.
Vernacchio 2013:49/10
Comorbid Cohort Cohort Most, but not all showed
atopy/allergy Thomas 2005:% 8/9 Engelkes 2016:%7/9 i1 il I increase risk with co-
Cross-sectig:m/ %: i morbid atopic conditions.
RISK Arabkhazaeli:** 7/10 = No consistent effect of
Moderately Friedlander 2013:°7/10 multiple atopic conditions.
increased, Lasmar 2007:7° 7/10

0 1 2 3 4 s
Logisti regression: OR (95% )

Dales 2002:°27/10
Stingone 2006a:%¢7/10
Wood 2002:#2 5/10
Canino 2012:%° 2/10

African American Cohort Cohort All US studies.
ethnicity Baltrus 2017:*¥9/9 Halterman 2001:*° 5/9 * Consistent finding in all
Stewart 2010:228/9 Cross-sectional :‘_ the more rigorous studies.
RISK Kwong 2012: 6/9 Brehm 2012:°69/10 Effect sometimes varied
Moderately Cross-sectional - by outcome (e.g. Quinto
increased; Quinto 2011:°210/10 m showed increase risk for
Highly confident | Rust 2013:539/10 [ ] hospitalisation/ED visits,
Sarpong 1997:%18/10 - but not oral steroid
Stingone 2006a:%°7/10 . courses.
Malhotra 2014:6/10
Quezada 2016:%* 6/10
Wood 2002:%2 5/10 : E
Vitamin D Cohort study —— Deficiency defined as
deficiency Brehm 2010:327/9 —_— <30ng/ml
Case-control S
RISK Blatter 2016:7/9 T
Moderately Cross-sectional Lot wgeson OREN )
increased, Brehm 2012:°¢9/10
Slightly confident | Searing 2010:%5/10
Poverty Cohort study Case-control
Schatz 2003:% 6/9 Blatter 2016:°7/9 T e
RISK Case-control Cross-sectional o
Moderately Lieu 1997:* 7/9 Brehm 2012:59/10 g
increased; Cross-sectional e
Moderately Rosas-Salazar 2013:%°
confident 9/10

s 6
fon: OR (95% C1)

Figure 4 Moderately increased risk: evidence for risk factors and weighting decisions. Note: The scale on all the Forest plots has been curtailed at
an OR of 8 to enable comparison between the plots for the different factors. If the Cls are very wide, and the upper limit extends beyond the plot
this is indicated with a line with an arrow. (95% Cls are given in online supplementary table S2 if required.) ED, emergency department; ICS, inhaled

corticosteroid; LABA, long-acting {3, agonist.

The remaining four cross-sectional studies all demonstrated at
least one positive association between comorbid atopic/allergic
conditions and risk of attacks though CIs were wide.®* 7°7 7 The
Panel concluded that that there was a moderately increased risk of
attacks with comorbid atopic/allergic disease, but they were only
slightly confident in this assessment.

African-American ethnicity (n=12)

Twelve  US-based  studies examined the  association
between African-American ethnicity/‘race’ and the risk of
attacks,18 22 38 453253 56 6165 78 8182 (3¢ the 12 studies, 10 reported
at least one significant result demonstrating an increased risk of
attacks in African-Americans compared with white or ‘non-black’
children (ORs between 1.6 and 4.1).18 2238 5233 6165 78 8182 7
exceptions were a study that assessed the impact of African ancestry
in a Puerto Rican population,’® and a small cohort study.*

Six of these studies demonstrated that the increased risk in Afri-

can-Americans persisted after controlling for deprivation and/or

60 65 . 61 s 223853 6165
poverty, area of residence,”” healthcare provision

or parental education.’? Two studies compared risk in Black and
Hispanic populations®>*: the risk was considerably less in Hispanic
populations. Overall, the Panel was highly confident that Afri-
can-American ethnicity was associated with moderately increased

risk of asthma attacks.

Vitamin D deficiency (n=4)

Three small studies showed a significant association between
vitamin D insufficiency (vitamin D <30ng/mL) and acute attacks
(ORs between 2.2 and 2.8),°%%°%3 though a larger (n=1024) cohort
study found only a borderline effect (OR 1.4, 95% CI 1.0 to 1.9).%
Thus, the Panel was slightly confident that vitamin D deficiency
was associated with a moderately increased risk of attacks.
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Risk Factor Studies with significant | Studies with mixed or Forest plots for studies reporting ORs able to be Overall messages
Assessment risk factors insignificant findings combined (rationale/caveat)
Study design
Citation:"f Quality score
Slightly increased risk
Environmental Cohort studies Case-control Varied results, but the
Tobacco Smoke Rabinovitch 2011:*26/9 | Pyle 2015:516/9 largest study showed an
exposure Cross-sectional Cross-sectional association. Evidence of
McCarville 2013:%°8/10 | Rosas-Salazar 2013: discrepancy between
RISK Chilmonczyk 1993:7* 9/10 parental report and
Slightly increased, 7/10 Quezada 2016:%16/10 elevated cotinine levels.
Highly confident Dales 2002:627/10 0 3 . s
Logistic Regresson: ORs (95% )
Canino 2012:%5 2/10
Younger age Cohort studies No Forest plot as data (reference groups, variable Findings are consistent.
Baltrus 2017:1¥9/9 definitions) too variable. The largest study
RISK Schatz 2003:3 6/9 (n=615,432) [Baltrus] did
Slightly increased, | Murray 1997:36/9 not specify the reference
Highly confident Cross-sectional group for the logistic
Sarpong 1997:%18/10 regression
Quezada 2016:% 6/10
Wood 2002:%2 5/10
Obesity/ Cohort studies Cohort studies The three large studies:
overweight Black 2013:2'8/9 Peters 2011:8/9 Rt = Black 2013 (n>600,000);
Schatz 2013:*° 7/9 Wu 2011:%7 6/9 L Schatz 2013 (n>4,000) and
RISK Cross-sectional Cross-sectional n Quinto 2011 (n>32,000)
Slightly increased, | Quinto 2011:%210/10 Lang 2012:%% 8/10 | were positive for oral
highly confident | Stingone 2011:2° 6/10 Mahut 2012:%7 7/10 n steroid use (though
Wiesenthal 2016:%¢7/10 Lang 20 Quinto did not show an
Quezada 2016:% 6/10 association with
hospitalisation). Apart
from Lang 2012, the
9 : T inconclusive studies were
much smaller
Low parental Case-control All four (including a large
education Lieu 1997:%° 7/9 n high quality cross-
Cross-sectional n sectional study) showed a
RISK Quinto 2011:%210/10 —_— small effect on
Slightly increased, | Rosas-Salazar 2013:%° — hospitalisation (but not
Moderately 9/10 pie00 . oral steroid use).
confident Dales 2002:%27/10 ’ ' :
Increased Cohort Cross-sectional Relatively low doses of
reliever use Thomas 2005:%°8/9 Rust 2013:%9/10 = Thomas 2005 » SABA; no data on very
Schatz 2003:%¢ 6/9 Quezada 2016:! 6/10 =—schatz 2003 » high doses
RISK Zeiger 2012:* 5/9 s
Slightly increased, Case-control —tieu 1997 £
Moderately Lieu 1997:% 7/9 e n
confidence Cross-sectional gt 2013 =
Vernacchio 2013:49/10 ° 1 2 3 7 s
Logistic regresson: OR (35% 1)

Figure 5 Slightly increased risk: evidence for risk factors and weighting decisions. Note: The scale on all the Forest plots has been curtailed at an
OR of 8 to enable comparison between the plots for the different factors. If the Cls are very wide, and the upper limit extends beyond the plot this is
indicated with a line with an arrow. (95% Cls are given in online supplementary table S2 if required.) SABA, short-acting beta, agonist.

Poverty (n=9)

Nine studies examined the effects of poverty (variously defined
as annual family income <US$15 000; <US$20 000; <US$40
000; receiving benefits) on risk of attacks in children with
asthma. Seven studies had at least one positive association
between risk of attacks and poverty level (ORs between 1.4 and
2.8),30495562658285 The exceptions were two small Puerto Rican
studies.’® *® The Panel was moderately confident that poverty
moderately increased risk of attacks.

Slightly increased risk of attacks

ETS exposure (n=8)

Five studies found at least one positive association between
ETS exposure and asthma attacks.** ®* ¢>7*%5 One high-quality
cross-sectional study highlighted that the association between
cotinine levels and risk of attack was lost when parent report
was used to estimate ETS.®® Of note, the three negative studies
relied on parental report.’! %° 8 The Panel was highly confident
that ETS exposure was associated with a slightly increased risk
of asthma attack (figure 5).

Younger age (n=6)
All six of the studies that examined the effect of age on risk of
asthma attacks found that younger children (within the 5-12 age

range) were more likely to have an attack.'® *¢** ®! 8182 The ORs
ranged from 0.8 to 1.0 (indicating slightly decreased risk as age
increased); the Panel was highly confident of this.

Overweight/obesity (n=10)

Four studies (including three very large high-quality studies)
showed a significant, though small association between over-
weight or obesity and increased risk of attacks.*! 3° %230 The
Panel was highly confident that there was a slightly increased
risk of an attack in overweight or obese children.

Low parental education (n=4)

All four studies,” 3% * % including one large, high-quality
cross-sectional study,’? showed slightly increased risk of attacks
in children of families with low parental education level (ORs
between 1.1 and 1.9). The Panel was moderately confident in
this assessment.

No effect on risk of attacks
Gender (n=14)
Two studies found girls at an increased risk of attacks, and

three found boys at increased risk'® ®* ®%; the other nine studies
showed no gender difference.? 363845 6162778185 T s the Panel

5253
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Risk Factor
Assessment

No increased risk
Gender

RISK
No effect, Highly
confident

Studies with significant
risk factors

Study design
Citation:"™f Quality score

MALE AT-RISK
Cohort studies
Baltrus 2017:'89/9
Cross-sectional
McCarville 2013:%° 8/10
Stingone 2006a:%°7/10

FEMALE AT-RISK
Cross-sectional

Quinto 2011:5210/10

Rust 2013:°39/10

Studies with mixed or
insignificant findings

Cohort studies
Engelkes 2016:* 7/9
Kwong 2012:3% 6/9
Schatz 2003:% 6/9
Halterman 2001:*° 5/9

Cross-sectional
Sarpong 1997:%18/10
Dales 2002:627/10
Akinbami 2009:77 6/10
Quezada 2016:% 6/10
Canino 2012:%° 2/10

Forest plots for studies reporting ORs able to be
combined

Overall messages
(rationale/caveat)

The largest study
(Akinbami) was based on
census data in the USA
and showed no effect. The
studies that showed an
effect (Baltrus, McCarville
and Stingone) were
inconsistent in the
direction of effect.

Hispanic ethnicity
(Us)

No effect,
Moderately
confident

Cohort studies
Baltrus 2017:1¥9/9
Stewart 2010:28/9
Cross-sectional
Stingone 2006a:%°7/10
Wood 2002:%2 5/10

Cohort
Kwong 2012:* 6/9
Cross-sectional
Quinto 2011:°210/10
Rust 2013:9/10
McCarville 2013:%° 8/10
Findley 2003:%* 7/10

Substantial diversity in
outcomes suggesting no
consistent effect of
Hispanic ethnicity on risk
of attacks.

Urban residence

No effect, slightly

Case-control
Blatter 2016:%°7/9

Cohort study
Halterman 2001:%° 5/9
Cross-sectional

No Forest plot as data (reference groups, variable
definitions) too variable.

Only one study showed an
effect; the majority
showed no effect. The two

confident Rust 2013:%39/10 studies (Rust and Pesek)
Pesek 2010:58/10 that were larger than
Sarpong 1997:%*8/10 10,000 patients both
Brown 2012:% 7/10 showed no effect

Confounded by Controller medication use; Nebuliser use; Ownership of a written action plan; Attendance at routine asthma reviews

severity

Inconclusive Reduced lung function; FeNO testing at routine reviews; Positive skin prick tests; History of allergen exposure

Insufficient Serum total IgE; Family history of atopy; Age of onset of asthma; Duration of asthma; Co-morbidities (gastro-oesophageal reflux, diabetes);

evidence Special needs; Parental health; Parental marital status

Figure 6 No increased risk, confounded and inconclusive factors: evidence for weighting decision. Note: The scale on all the Forest plots has been
curtailed at an OR of 8 to enable comparison between the plots for the different factors. If the Cls are very wide, and the upper limit extends beyond
the plot this is indicated with a line with an arrow. (95% Cls are given in online supplementary table S2 if required).

was highly confident that the child’s gender had no effect on risk
of attacks (figure 6).

Hispanic population (n=9)

Overall, the findings in the US Hispanic population were incon-
sistent; with the majority of studies demonstrating no increased
risk,*® © © or inconsistent risk across the outcome measures
used.’? Four studies showed a small increased risk'® ** > (one
with very wide CIs®*) and one showed a reduced risk of emer-
gency department visits.>> The Panel thus concluded that overall
there was no increased risk, but their confidence in this assess-
ment was only moderate.

Urban residence/proximity to major roads (n=6)

One case-control study showed a small increased risk of attacks
in children living very close to a major road.”® The other five
studies™ 33376173 were negative including two large, high-quality
cross-sectional studies, which controlled for a broad range of
confounders.>**” The Panel was slightly confident in their assess-
ment of no effect.

Confounded by severity
Controller medication use, nebuliser use, ownership of written
asthma action plans and routine asthma reviews were all

associated with increased risk of attacks and were considered by
the panel to be confounded by severity. (For details see online
supplementary tables S2 and S3).

Insufficient evidence to draw a conclusion

For 12 factors we found inconclusive/insufficient evidence to
draw a conclusion. These are listed at the end of figure 6; details
about why the data were considered to be inconclusive/insuffi-
cient are provided in online supplementary table S3, with full
description of all the studies in online supplementary table S2.

DISCUSSION

Main findings

This systematic review aimed to identify factors which would
identify children aged 5-12 years with asthma who are at
increased risk of acute attacks. The child who had a history
of previous attacks and persistent asthma symptoms was at
greatly increased risk of a future attack, especially if they had
poor access to care. Other key markers of moderately increased
risk were a suboptimal drug regimen, comorbid atopic/allergic
disease, African-American ethnicity, poverty and vitamin D defi-
ciency. Younger age, exposure to ETS, being overweight and low
parental education were associated with a slightly increased risk,
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Previous attacks

Persistent symptoms

Poor access to care (US)
Sub-optimal ICS/total ratio
Comorbid atopy/allergy
African American race (US)

Vitamin D deficiency

Poverty
ETS exposure

Younger age

Obesity/overweight
Low parental education

Increased SABA use

Gender

Hispanicethnicity (US)

Urbanresidence

The assessment of risk is illustrated by the
position of the bubble on the plot

The size of the bubbles indicates the confidence

with which the assessment was made.

X D
& SSS

Slightly, Moderately, Highly confident

ICS = inhaled corticosteroid; SABA = short-acting beta, agonist, ETS = environmental tobacco smoke

Figure 7 Summary of risk factors and weighting. ETS, environmental tobacco smoke; ICS, inhaled corticosteroid; SABA, short-acting beta,agonist.

but gender, urban residence and Hispanic ethnicity were not
associated with increased risk.

Strengths and limitations

Despite our wide-ranging search strategies, we may not have
identified all significant risk factors. Nevertheless, we identi-
fied papers related to almost all the predictors suggested by
guidelines and experts in the field, lending face validity to our
findings. The main omissions were that preterm delivery and
eosinophilia were suggested, but not investigated as risk factors
in any of the studies that we identified. That an additional 23
studies were found during forward and backward citations
demonstrates the challenge in developing a comprehensive,
but manageable, search strategy in such a broad area. There
were some factors about which we found very little evidence
and were thus unable to reach a conclusion (eg, comorbidities,
parental health, FE_ testing); lack of evidence, however, does
not mean they are not significant factors. We excluded factors
not available in routine clinical practice (eg, novel biomarkers®’)
which means that our conclusions are immediately transferable

to contemporary clinical practice. The overweight of data from
the USA (78% of studies included) limits the generalisability
of the evidence for some factors (eg, ethnicity, poverty, access
to healthcare) which may not be directly transferrable to other
healthcare contexts.

The heterogeneity of the studies in terms of definitions of
attacks (hospitalisations, emergency department visits, unsched-
uled GP care, oral steroids courses), thresholds applied to
predictors (eg, definitions of persistent/severe symptoms, income
levels associated with poverty, objective or reported assessment
of ETS), duration of follow-up, provenance of data (collected
for research or routine data) as well as study design and anal-
ysis precluded meta-analysis. To reduce potential subjectivity,
we adopted a rigorous approach to weighting the factors using
an Expert Panel’s consensus to define initial weightings and a
multidisciplinary end-of-project workshop at which the findings
were discussed, refined and agreed. This breadth of internation-
ally recognised professional experience (although all UK based)
assisted the interpretation of our findings and lends credibility
to our conclusions.
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Implications for parents and clinical practice
Our findings suggest that it is possible to identify the ‘high-risk’
child with asthma. The factors associated with moderately or
greatly increased risk are easily identifiable in routine practice.
For example: a history of acute attacks, persistent troublesome
symptoms, frequency of prescription requests and comorbid
atopic/allergic conditions are recommended components of
regular reviews,®” %8 and knowledge of the social context is a
core component of family medicine practice.® *°

Identifying that their child is ‘at-risk’ enables parents to take
decisions about modifying risk, such as reducing exposure to
ETS, and reconsidering the necessity for controller treatment
against their concern about harms of regular medication.”® Clini-
cians alerted to the ‘at-risk’ child can target care, specifically
instituting evidence-based management (regular controllers® ’;
supported self-management’) to reduce risk.

Implications for healthcare systems and policymakers

Poor access to care and living in poverty were important risk
factors that should be targeted by policymakers and health
service planners to reduce risk of acute attacks in children
living in high-risk populations. At a public health level, strate-
gies for reducing smoking” and targeting the growing epidemic
of obesity in children®! will also contribute to reducing risk. In
the USA, people from African-American communities living in
deprived communities are at particular risk.

Implications for future research

Formal prognostic modelling is needed to validate the risk
factors identified in this review,”* and future research should
assess whether risk assessment based on these factors improves
outcomes when used prospectively in routine clinical prac-
tice. Nearly three-quarters of the studies in this review were
performed in a US setting. Research is needed to understand the
impact of variables such as poverty, urban/rural living, ethnicity
and different rates of state/private/no medical insurance in other
contexts.

CONCLUSION

It is possible with the information available in routine clinical
practice to identify a child who is at increased risk of an acute
attack. Many of the risk factors are potentially modifiable by
parents acting to eliminate ETS or adhere to regular controller
medication, by clinicians offering evidence-based treatment and
self-management support, by healthcare systems ensuring equi-
table access to care and by policy initiatives addressing social
deprivation and the public health challenges of smoking and
obesity.
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