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Asthma control remains a challenge until today, with 79.5% of people with asthma 
in the UK having partly controlled or uncontrolled asthma, leading to 75,000 emer-
gency admissions every year. With asthma being a self-monitored illness, there is 
an unmet need for a non-invasive test that would allow for the early detection, and 
thus, prevention of exacerbations. 

Breath analysis is one such non-invasive test, whereby data can be collected re-
garding multiple parameters such as volatile organic compounds (VOCs)1, CO2 
levels2, and physical lung function parameters including temperature3, humidity4 
and flow rate and volume5,6. Ranges for such parameters were set using data 
found via a literature review of multiple studies. VOCs can be detected in small 
quantities in human breath. They are affected by airway inflammation and can 
form a personalised signature fingerprint of components that can be used for early 
diagnosis and disease monitoring. Capnography is a waveform representing the 
different CO2 levels throughout the breath cycle. Changes to the waveform have 
been shown to occur in asthma, with further statistically significant changes to cer-
tain capnographic indices occurring in patients having an exacerbation.

Machine learning (ML) is a method used for pattern recognition and identifying re-
lationships between data, which can be used to accurately predict future out-
comes. Amongst ML techniques, Deep Neural Networks (DNN) is especially used 
in the medical field. Previously, ML models have been used to predict asthma ex-
acerbations7, however, this was done using only spiromtery metrics. To offer a 
more accurate prediction with a wider predictive window, a ML model is needed 
that can be trained with multiple parameters using breath analysis and the ACT8.

Method

To develop a new POC breath test system (Exhale-DxTM, by 
Applied Nanodetectors) for early detection of asthma exacer-
bations, that utilises a user-independent, standardised 
breath collection method, and will be revolutionary for 
asthma management. The aim is to get a holistic view of the 
patients’ asthma control by utilising data from multiple param-
eters measured as well as patients’ own reported symptoms 
and the burden on their life, using the Asthma Control Test 
(ACT).

Our model predicts asthma exacerbations with 93% accuracy 3 days ahead following 
daily monitoring over 5 days through further validation for personalisation and AUC of 
0.90 (Figure 1:B). The test had a sensitivity of 86% and specificity of 92%.

We were able to combine data from breath analysis and the ACT, and apply data analy-
sis and machine learning techniques, to create a model that could accurately predict 
asthma exacerbations 3 days ahead. This can be transformative to early detection and 
early life-saving interventions for asthma exacerbations as treatment can be targeted to 
patients during this window of opportunity before they have the exacerbation.

Background

Further applications include the diagnosis of asthma 
and its endotypes by identifying the pathological 
driver of inflammation, which would aid with future 
targeted therapy using biologics.

Fig 1: A) PCA for different outcomes B) ROC of DNN results
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