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Opinion

Voice as an Al Biomarker of Health—Introducing Audiomics

Voice, speech, and respiratory sounds provideimpor-
tant clinical insights into patients’ health status. In the
age of artificial intelligence (Al), patients' audio record-
ings are being investigated as digital biomarkers for early
detection of a broad range of conditions, including la-
ryngeal pathology, neurological and psychological dis-
orders, head and neck cancers, and diabetes. Besides
neurologists, speech language pathologists, and inter-
nists, otolaryngologists also have unique perspectives
and expertise on voice, speech, and respiratory sounds
that can fuel this line of research and innovation.

While the potential of using voice as a biomarker of
health has been explored for decades, development
of recent technology such as machine learning (ML)
(a branch of Al focusing on predictive algorithms that
learn from data without explicit instructions) allows for
efficient analysis of a voice data and makes discovery
of scalable acoustic biomarkers a possibility. The im-
pact of such a discovery on patient care could be sub-
stantial, including in screening, diagnosis, remote moni-
toring, and development of new digital end points for
clinical trials.

Although the future of voice biomarkers is promis-
ing, there remain important limitations to broad inte-
grationinto clinical care. Within academic research, many
studies™? remain at the level of proof of concept with
small- to medium-sized datasets often using voice as the
only data type. Comparing studies and pooling data are
challenging tasks due to the lack of standards in how we
collect voice and speech data. Within the industry, data-
sets are often private, limiting the ability to audit ML
models and the accuracy of training data labels.

Herein, we highlight the need to define and create
standards for “audiomics,” the interdisciplinary field of
audio analysis applied to biomedicine to identify unique
audio biomarkers of health and disease. Recent ad-
vances in data science have set the stage for the emer-
gence of new "omics,” that is, data science subfields
founded on a large amount of data representing the
structure or function of a biological system.® Examples
of such omics subfields include radiomics, genomics,
proteomics, and, more recently, videomics, referring
to the application of omics in video analysis, such as
endoscopy.* Videomics was developed for gastrointes-
tinal endoscopy for lesion identification during colonos-
copy and has recently been expanded to endoscopy vid-
eos in otolaryngology.® Central to omics are efforts
toward standardization of data collection, storage, and
analysis and ongoing discussion of ethical and regula-
tory challenges, which will take simple acoustic analy-
sis to a new level. Otolaryngologists have a rare oppor-
tunity with audiomics to contribute to cutting-edge
medicine by sharing how voice, speech, and respira-
tory sounds may be interpreted in the context of hu-
man health and by guiding the collection of acoustic data

at scale to offer populationwide solutions. Tangible use
cases in otolaryngology include voice screening for de-
tection and monitoring of laryngeal cancer in at-risk
populations for timely referral, or remote voice moni-
toring in spasmodic dysphonia for assessing botulinum
toxin response to fine-tune and personalize treatment.

Among digital biomarkers, voice, speech, and
respiratory sounds are particularly attractive due to
their noninvasive, accessible, and low-cost collection in
the setting of recording capability via computers or
smartphones.' These digital data have comein focusin
the age of automated speech recognition systems and
large language models, with unparalleled ability to ana-
lyze voice and speech. Furthermore, digital biomarkers
are increasingly sought as clinical data outcome mea-
sures for therapeutics, particularly in the pharmaceuti-
cal industry. Such data could overcome limitations of
clinical trials and research ethics concerns, such as time
required for participant enrollment, challenges related
tointervention delivery, data collection burden, and lack
of diversity among enrolled participants.

Many industry giants, such as Pfizer, Mozilla,
Amazon, Google, and Apple, and start-ups are invest-
ing millions in research and development of voice,
speech, and respiratory sound biomarkers.® Although
the industry has access to vast amounts of voice data
from users, it lacks access to accurate clinical data or
demographicinformation. This deficiency limits the abil-
ity to annotate data for Al training and to compare
algorithmic outputs with criterion standard medical as-
sessment and prevents external auditing of datasets
used for training to ensure fair representation of di-
verse populations.

Despite significant advances, important limitations
currently prevent implementation of voice biomarkers
in clinical care. Despite considerable literature'? pub-
lished especially in the past decade, thereis a lack of pro-
spective study and validation of Al algorithms in audiom-
ics on external datasets. These factors, compounded by
the limited size, quality, and diversity of existing open-
source datasets, likely explain the lack of validated and
US Food and Drug Administration-approved Al algo-
rithms for disease detection and monitoringin this space.
When ML applications from screening and diagnosis of
laryngeal cancer were considered, researchers found that
most studies reported training datasets of fewer than
300 patients, and only 2 studies used more than 1data
modality to train their models, limiting generalization of
theresults.” Furthermore, audiomics will inevitably need
to be integrated in multi-omics efforts, in which audio
data are analyzed together with other health data, such
as clinical, imaging, and even genomic data, for im-
proved accuracy. When a patient presents with a dys-
phonic voice, we clinicians inquire about duration of
symptoms and smoking history to gauge risk of laryn-
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geal cancer. Machine learning models trained on voice data need the
same type of multimodal integration to achieve scalable accuracy.

For audiomics to beimplemented and reachiits full public health
potential, the following tripartite agenda must be met: (1) stan-
dards for audiomics data acquisition, interoperability, and Al readi-
ness must be defined; (2) diverse teams with broad skills and ex-
pertise, including clinicians, engineers, bioethicists, and social
scientists, must collaborate in this complex field; and (3) the unique
ethical and legal challenges in audiomics linked to the Health Insur-
ance Portability and Accountability Act, potential reidentification
of patients by their voice, voice hacking, and data ownership call for
a new governance framework for issues concerning diversity, data
handling, and privacy safeguards.

Through the Bridge2Al program, an endeavor to leverage team
science in Al sponsored by the National Institutes of Health Com-
mon Fund, our team, Bridge2Al-Voice, gathered 50 multidisci-
plinary experts from 12 North American institutions to generate
high-quality, ethically sourced datasets for biomedical research
to advance the field of audiomics. Besides our primary deliverable
to build a publicly available database of 30 000 human voices, our

team aims to address current gaps in the burgeoning field of au-
diomics by (1) ensuring quality and accuracy of acoustic dataand as-
sociated clinical data through clinical validation and evidence-
based recording protocols; (2) aiming for interoperability of data by
creating new bioinformatics standards for voice data; (3) creating
benchmarks of diversity metrics and minimizing risk of algorithmic
bias; (4) defining ethical and legal norms safeguarding patients’ data
while supporting data-sharing efforts; (5) developing infrastruc-
ture for audiomics data storage sharing within and across research
institutions; and (6) formulating training pathways for scientists, en-
gineers, bioethicists, and clinicians to develop skills in audiomics.

The only scalable way to achieve such acomplex endeavor and
implement change beyond the current hype around acoustic bio-
markers is to bring experts from different fields, including otolar-
yngologists, speech pathologists, data scientists, Al engineers, bio-
ethicists, and acousticians, to collaborate and build a solid, ethically
sourced infrastructure for voice data collection linked to other health
data. In this way, the Bridge2Al-Voice data generation project serves
as a model from which current and future generations of audiom-
ics researchers can learn.
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