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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,38 60 63 or inconsistent risk across the outcome measures 
used.52 Four studies showed a small increased risk18 22 82 (one 
with very wide CIs65) and one showed a reduced risk of emer-
gency department visits.53 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.50 The other five 
studies45 53 57 61 73 were negative including two large, high-quality 
cross-sectional studies, which controlled for a broad range of 
confounders.53 57 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, 

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 CIs are very wide, and the upper limit extends beyond 
the plot this is indicated with a line with an arrow. (95% CIs are given in online supplementary table S2 if required).
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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, FENO testing); lack of evidence, however, does 
not mean they are not significant factors. We excluded factors 
not available in routine clinical practice (eg, novel biomarkers87) 
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.

Figure 7  Summary of risk factors and weighting. ETS, environmental tobacco smoke; ICS, inhaled corticosteroid; SABA, short-acting beta2agonist. 
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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,6 7 88 and knowledge of the social context is a 
core component of family medicine practice.89 90

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.91 Clini-
cians alerted to the ‘at-risk’ child can target care, specifically 
instituting evidence-based management (regular controllers6 7; 
supported self-management92) 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 smoking93 and targeting the growing epidemic 
of obesity in children21 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,94 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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