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Abstract

Symptom science has long been central to nursing practice, as symptoms are often the primary reason patients seek care.
Nurses have historically relied on emerging research and clinical intuition to predict patient outcomes. Artificial intelligence
(Al) and machine learning (ML) can now assist in developing phenotypes and may help nurses operationalize patients at
risk. As Al technologies become more integrated into healthcare, the use of electronic health record (EHR) data for
symptom phenotyping is emerging as a promising area for advancing care. However, nursing documentation remains
underutilized in Al model development. This article provides a practical guide for nurses interested in using Al and ML to
develop symptom phenotypes, covering key areas such as data availability, patient safety, model building, and
commercialization. It highlights the potential of Al to accelerate symptom science, shorten diagnostic timelines, and
improve patient outcomes by uncovering new treatment targets. While nurses typically lack formal training in Al, they
possess valuable clinical expertise and are key collaborators in Al-driven research. This guide aims to empower nurses to
engage in the development and implementation of Al solutions, ultimately contributing to more precise, individualized

care and transformative advancements in healthcare.

Symptom science and management have long been central to the nursing discipline and the

Symptoms often serve as the National Institutes of Nursing Research (Cashion & Grady, 2015). Symptoms often serve as the
primary reason that patients

ceck care. primary reason that patients seek care. Approximately 40-50% of primary care visits are driven by

symptoms such as fatigue, dizziness, and headache, which lack a clear and unifying

pathophysiology (Haller et al.,, 2015). These symptoms frequently represent early signs of emerging chronic diseases or acute

health conditions (Agorastos & Chrousos, 2022).

For decades, nurses have been described as developing a "sixth sense" or "intuition" as they mature in their practice (Douw et
al., 2015). This is especially so when a patient's condition appears ominous. This terminology typically refers to instances when
nurses accurately predict outcomes despite clinical indicators being within normal limits. Such "intuition" may in fact be a
distinct phenotype that could now be more reliably identified using artificial intelligence (Al) and machine learning (ML).

As the healthcare sector increasingly adopts Al, symptom phenotyping applications are already

emerging in the marketplace. These solutions address a variety of issues, including pre- Better understanding of key
. . . ) ) . . . . data sources specific to nursing
symptomatic risk for sepsis, screening for radiological abnormalities, and calculating risk. Nursing care and the parameters of

documentation (e.g. nursing notes and flowsheets) is often underutilized as an important source  change could inform symptom
of data for model training, refinement, and collaboration with nurses. Better understanding of phenotyping.
key data sources specific to nursing care and the parameters of change could inform symptom

phenotyping (Rossi et al., 2023). This article aims to: (1) provide background on the evolution of symptom phenotyping within

nursing science, and (2) offer guidance for nurses interested in developing symptom phenotypes using Al and ML.

The Evolution of Chronic Disease Symptom Phenotyping and the Role of Al

Around 10 years ago, the National Institute of Health (NIH) convened an expert panel to advance symptom science through
research on symptom clusters. The panel recommmended a transformative approach to the assessment and management of
multiple-occurring symptoms, with goals to improve patient outcomes and reduce healthcare utilization and costs
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(Miaskowski et al., 2017). At that time, while machine learning and Al were recognized as valuable tools to advance symptom

phenotyping, they were not yet fully accessible for the nursing discipline (Miaskowski et al., 2017).

Symptom phenotyping can be approached through “a priori” and “de novo” methods. The
Symptom phenotyping can be

former involves pre-specifying symptom clusters based on empirical evidence or clinical
approached through “a priori”

and “de novo” methods. observations and using statistical approaches such as confirmatory factor analysis, path analysis,
and structural equation modeling. The latter relies on qualitative methods and exploratory

statistical techniques, including exploratory factor analysis and hierarchical cluster analysis.

In 2025, we are now able to harness Al, combined with electronic health record (EHR) data, to
uncover symptom phenotypes. This advancement accelerates symptom science by discovering This application of Al models

. . . . . has significantly reduced the
new treatment targets and potentially shortening the time to diagnosis and treatment (Hens et

translation gap from research
al., 2023). While large data sets have been available for decades, only recently have multimodal, findings to practice...
de-identified, and longitudinal data (both structured and unstructured) been made available on

a national and soon-to-be global scale. Symptom science in nursing research is now entering a new era, expanding beyond
traditional research to encompass the deployment of Al models into clinical and administrative workflows. This application of
Al models has significantly reduced the translation gap from research findings to practice, which previously could take up to

approximately 20 years, to just a few years or less (Aravazhi et al., 2025; Grady, 2025; Lenfant, 2023).

Intersection of Nursing Domain Expertise and Al Collaborators

Nurses, as expert clinicians, have more patient contact than any other healthcare providers. They
Basic Al literacy, however, is

possess intuitive knowledge of patient conditions and symptom patterns, which they may not
becoming essential for

successful collaboration... always be able to fully articulate, but could potentially be uncovered through Al. Typically,
traditional nursing PhD programs do not require courses on data mining or writing code to
develop complex Al models. Basic Al literacy, however, is becoming essential for successful collaboration with colleagues in

data science and software engineering.

Symptom Phenotyping Using Al and Machine Learning: Considerations for Nurses

To our knowledge, no published framework currently exists in the nursing literature to assist nurses to plan and collaborate
with multidisciplinary colleagues on the use of Al and EHR data to create symptom phenotypes. In response, we have
developed a set of practical questions to guide nurses from discovery to deployment of Al solutions. This guide, based on our
extensive experience with industry-academic partnerships and Al startups in healthcare, addresses four key themes: (1) Data
Availability and Security, (2) Patient Safety and Solution Design, (3) Model Building and Costs, and (4) Al Model Validation and
Solution Commercialization. While scientists typically focus on traditional dissemination methods (e.g., publication and

presentations), the success of Al-driven healthcare research may depend on its commercialization (Guindalini et al., 2021).

Thus, we have included our guiding questions here in an effort to offer a usable framework for nurses to consider:

Data Availability & Data Security:

What data are available, and in what format?
e Arethe data centralized or decentralized across multiple repositories or institutions?

e Arethe data harmonized (disparate sources brought together in a unified way) and/or standardized (data following
the same format within a single dataset)?

e Who owns the data, and how can access be obtained?
J How are the data de-identified, and what limitations arise from the de-identification technique?
e How frequently are data fields updated, and does de-identified data change with each update?

e Ifnursing data are available on symptoms and are in an unstructured form, what potential analytic techniques are
needed to transform data? What skillset is required among collaborators needed to complete analyses?

Patient Safety & Solution Design:

e Does the proposed project qualify as "hnuman subjects” research?
e [sself-exemption possible, or does the data owner already have an IRB approval in place?

e Whatisthe institutional policy on using Al applied to EHR data for algorithm development?
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e |san IRB approval still required if the data is de-identified?

e Willa human be involved in or near the loop, and what are the risks of fully autonomous versus human-involved Al
systems?

Model Building & Costs:

e What are the expected compute costs, and who will cover them?

e Who are the best partners for model development (e.g., data scientists, software engineers), and are they internal or

external to my/our institution?
e |fexternal, what permissions are required for data access?

e What are the costs of collaborating with technical partners?

Al Model Validation & Solution Commercialization:

How will the developed phenotypes be validated?

How will I/we obtain an independent or holdout dataset for validation?

What is my/our institutional process for deploying validated Al solutions into clinical workflows?

What are the institutional policies on intellectual property (IP) and how will IP be protected?

Conclusion

Nurses are uniquely positioned to accelerate patient outcomes through phenotype discovery,

Nurses are uniquely positioned o\ 55/ing more precise treatments and individualized care. However, few nurses have a
to accelerate patient outcomes . . .
through phenotype discovery.. background in data science or the business-related knowledge necessary for Al development

and commercialization. Despite this, nurses are already actively involved in the development of Al
solutions (Raymond et al., 2022). We hope this brief guide serves as a starting point, inspiring more nurses to engage in Al

development and to contribute to solutions that can positively impact clinical practice and patient care.
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