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Your first patient of the day is a teenager with high-risk asthma recently discharged from the 

pediatric intensive care unit, his second admission this year. He grudgingly glances up from 

his smartphone, insisting he feels great, takes his controllers, but still needs his albuterol 

several times a day. The pulmonary function tests show a low FEV1% predicted that does 

not fully normalize after albuterol. He is a poor perceiver of symptoms and at risk of 

permanently diminished lung function as an adult. Ten minutes later, he is walking out the 

door after you unload rapid-fire education, update his asthma action plan, and refill his 

medications. You implore him to call the office next week to check in and schedule a visit in 

3 months. Meanwhile, you know he is at risk for rehospitalization or even death. You 

delivered standard of care, but is this enough? Do we really understand his asthma control, 

risk, or impairment? What could more personalized data tell us that we did not have time to 

collect or incorporate?

During a 3-month lag between 30-minute clinic visits, a patient with asthma has 

approximately 2190 hours of experiencing and treating (or not treating) their asthma 

symptoms. Within a 15-minute visit, providers are using 0.0005% of the patient experience 

to understand and treat a complex disease. Only a fraction of data is captured in the 

electronic health record (EHR). We know that environmental factors, medication adherence, 

a patient’s home location, emotional and economic stress, and many other social 

determinants of health are critical causes for uncontrolled asthma and are not adequately 
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captured in the EHR. Big Data (ie, large data sets from many sources), if used effectively at 

the point of care, could be transformational in concert with traditional EHR data. 

Furthermore, as health care shifts into the e-health and telehealth realm, with care provided 

outside the traditional office visit, demand for devices that can facilitate remote 

“examination” and diagnosis will continue to increase. Data produced by thoughtful digital 

health innovation can personalize management of asthma, potentially improving timeliness 

of care and capture both symptoms and objective measures of treatment response.

Our patients and the pace of data growth are compelling us to incorporate insights from Big 

Data to inform care. Predictive analytics, using machine learning (ML) and artificial 

intelligence (AI), has revolutionized many industries, working in the background in ways we 

cannot even recognize. Predictive analytics uses logistic regression, ML, or other methods to 

automate knowledge discovery from large, complex data sets. ML algorithms can 

incorporate diverse data to yield increased prediction accuracy over conventional statistical 

methods. These tools collect, interpret, and present disparate data in powerful ways, finding 

patterns and trends. Outcomes must be mathematically and clinically relevant, which 

demands thoughtful, longitudinal, and well-funded collaboration between clinicians, clinical 

researchers, data scientists, and computer scientists.

Generations of clinical, scientific, and social research have confirmed for us that asthma is a 

heterogeneous and complex disease that affects patients from cradle to grave with high 

prevalence. The potential of ML to improve asthma management is significant, including 

predicting exacerbations, assistance in decreasing medication doses during stable periods, 

tracking and minimizing cumulative steroid doses, triggering treatment path- ways on the 

basis of weather conditions, and more. ML has also been used to better understand the 

pathology of asthma, and correlate mechanistic insights with clinical phenotypes.1

Prediction of asthma exacerbations and patterns of health care service utilization for 

individuals and across populations is within technical and clinical reach.2In particular, ML 

algorithms can find these patterns by mining and aggregating repositories of data (including 

EHR, environmental, continuous physiologic data captured via remote telemonitoring, even 

social media feeds).3 Ram et al4 used multiple external data sources to help predict 

emergency department utilization in asthma in near real time with 70% precision. 

Finkelstein and Jeong3 pioneered the use of home-based telemonitoring data to predict 

asthma exacerbations within a 7-day window, building on similar ML studies in asthma 

exacerbation prediction that have yielded potentially actionable sensitivity.2,5 As depicted in 

Fig 1, the current and near-future application of ML and AI to currently inaccessible Big 

Data (including patient, population, and environmental sources) can drastically improve our 

diagnosis, management, and mechanistic understanding of asthma.

Prediction tools must identify not only who is likely to experience an asthma attack but also 

when that attack might occur and can allow optimization of personalized management of 

health care resources.3 Clinical prediction tools for asthma exacerbation or asthma 

hospitalization, even those that use ML, have a limited window of prediction and insufficient 

sensitivity and specificity.2 To address these limitations, the inclusion of more variables, 

increased population size, novel physiologic measures (eg, heart rate variability and 
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actigraphy), and environmental or epidemiologic data (eg, air quality, season, and viral 

infection rates) may help.

Asthma research has accelerated in recent years, due in large part to longitudinal birth cohort 

studies and multicenter collaborations such as the Severe Asthma Research Program and 

have contributed understanding about asthma pathophysiology, natural history, phenotypes, 

seasonality, genetics and epigenetics, and biomarkers.6 Importantly, significant research 

focus is now centering on the longitudinal effects of childhood disease (including lung 

function and rate of decline of function) and how the environmental, genetic, social, and 

clinical milieu sets the stage for severe adult asthma and declining lung functions.7

Work to associate symptoms to key pathogenic mechanisms has aided advances in treatment 

using anti-inflammatory biologic therapies. ML and other data-driven methods have 

successfully been applied to endotype discovery, using ML applied to large longitudinal data 

sets to cluster patients into mechanistic and causal categories that incorporate genetic, 

molecular, and immune phenotypes.1 Important work in genomics and pharmacogenomics 

related to asthma, combined with analysis of the airway microbiome and genetic mapping of 

environmental influences (epigenetics), is on the cusp of translation into higher fidelity 

prediction of exacerbations and true precision medicine for both adults and children. This 

work, if translated into clinical practice, can potentially link genetic traits to phenotypes that 

can, for example, predict response, or nonresponse, to medications such as albuterol and 

steroids or identify an individual’s risk for cortisol suppression.8

As Haider and Custovic9 suggest in their excellent review, much of our clinical and 

scientific insights about asthma have been produced in silos, limiting the hypotheses that can 

be formed or the outcomes that can be tracked. They instead urge that a truly integrative 

paradigm, when coupled with “rigorous scientific scrutiny, can lead to a more nuanced 

understanding of asthma.”9 Data being generated and interpreted across different domains 

for patients with asthma are increasing, but challenges include lack of data standards and 

disease definitions, difficulty with data interoperability/sharing, and concerns about data 

quality and fidelity, all of which have frustrated progress. Furthermore, the exchange and 

collaboration between data scientists and computer engineers and clinical researchers and 

providers is hindered by the lack of common language. However, recent developments in the 

AI field of deep learning have embraced this data complexity within health care, producing 

compelling predictions about inpatient mortality, length of stay, readmission risk, and even 

diagnoses using real, messy, uncurated EHR data.9,10

Another important challenge with use of ML and AI we carefully must consider in health 

care applications is the issues of fairness, bias, privacy, and medical bioethics. Even in Big 

Data sets, an automated prediction result can be biased; for instance, if a subpopulation does 

not have enough patients, or data itself are collected in a biased way. The most accurate ML 

models are often a black box to both computer scientists and clinicians; however, solutions 

for this are also emerging, including automated explanation algorithms. Issues of legal 

accountability and medical responsibility within adoption of algorithms into practice must 

also be carefully considered. With increased automated clinical decision making, safety, 

privacy, and use of evidence- based practice must be rigorously maintained to protect both 
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medical providers and patients. Distribution of the potential benefits of digital health 

innovation in the broader health care system is also likely to be unequal given the relative 

expense of these tools, magnifying uncomfortable but familiar inequalities relating to social 

justice and care access.

Furthermore, we must as clinicians and researchers constructively transform the concern and 

lack of understanding many clinicians have about digital health, ML, and AI into educated 

and critical engagement. We need our most experienced clinical experts at the table, to 

innovate alongside data and computer scientists to create, validate, and implement these 

powerful tools, so that the patient, their outcomes, and well-being remain primary. We know 

the single human brain is limited in its ability to recognize longitudinal patterns, aggregate, 

and distill large amounts of disparate data into a cogent, evidence-based treatment plan. In 

this world of data overload, with terabytes of input daily and demands for increasingly 

complex data outputs, clinicians need help. Our job now is to use ML and AI tools to 

understand and predict how asthma affects patients and help us make decisions, at the 

patient and population levels, to treat it better. The future is bright, there is much work to be 

done, to really see and understand our patients with asthma beyond the clinical encounter.
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FIG 1. 
This diagram illustrates the potential of ML and AI to improve asthma care, with emphasis 

on bidirectional information exchange and data application for patients, their providers, and 

the health system.
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