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Digital Phenotyping

Opinion

Technology for a New Science of Behavior

Traditionally, psychiatry has offered clinical insights
through keen behavioral observation and a deep study
of emotion. With the subsequent biological revolution in
psychiatry displacing psychoanalysis, some psychiatrists
were concerned that the field shifted from "brainless” to
“mindless." Over the past 4 decades, behavioral expertise,
once the strength of psychiatry, has diminished inimpor-
tance as psychiatric research focused on pharmacology. ge-
nomics, and neuroscience, and much of psychiatric prac-
tice hasbecomeaseries of brief clinical interactions focused
on medication management. In research settings, assign-
ing a diagnosis from the Diagnostic and Statistical Manual
of Mental Disorders has become a surrogate for behavioral
observation. In practice, few clinicians measure emotion,
cognition, or behavior with any standard, validated tools.

Some recent changes in both research and practice
are promising. The National Institute of Mental Health has
led an effort to create a new diagnostic approach for re-
searchers that is intended to combine biological, behav-
joral, and social factors to create "precision medicine for
psychiatry."2 Although this Research Domain Criteria proj-
ect has been controversial, the ensuing debate has been

After 40 years of psychiatry becoming
more mindless than brainless, perhaps

digital phenotyping will help the

pendulum swing back toward a fresh
look at behavior, cognition, and mood.

auseful forum for highlighting the need for diverse data
and dimensional approaches as fundamental principles
for better diagnosis of mental disorders. The mental
health policy world has been more concerned by the need
toimprove practice through “measurement-based care”
rather than relying only on clinical judgment.3 According
to one study,* on the basis of clinical judgment alone,
mental health practitioners (n = 14) detected deteriora-
tion for only 21.4% of 70 patients who experienced in-
creased symptom severity. Lack of measurement, in this
case, was not the absence of a biomarker but the failure
to track changes in mood, cognition, and behavior.
Expecting mental health clinicians to complete rat-
ing forms may be a challenge for those with less than 15
minutes per patient encounter. Asking patients to com-
plete rating forms might seem like an efficient alterna-
tive but it is unclear if patients with serious mental ill-
ness who are often nonadherent to their medication
would be more compliant with self-ratings. What the field
needs is an objective, passive, ubiquitous device to cap-
ture behavioral and cognitive information continu-
ously. Ideally, this device would transmit actionable in-

formation to the patient and the clinician, improving the
precision of diagnosis and enabling measurement-
based care at scale.

Thesmartphone may be suchadevice (Figure). Would
anyone have predicted a decade ago that 200 million in-
dividuals in the United States would be carrying powerful
computers that were continuously and passively collecting
data on activity, location, and social engagement? Who
would have believed that patterns of typing and scrolling
couldreveal individual fingerprints of performance, captur-
ing our neurocognitive function continuously in the real
world? Could anyone have foreseen the revolutionin natu-
rallanguage processing and artificial intelligence thatis al-
lowing voice and speech, collected onasmartphone, to be-
comea possible early warningsign of serious mentalillness?

Even though smartphone technology promises to
transform many aspects of health care, no area of medi-
cineis likely to be changed more by this technology than
psychiatry. Digital phenotyping is the term now used for
describing this new approach to measuring behavior from
smartphone sensors, keyboard interaction, and various
features of voice and speech.” Already digital phenotyp-
ing is revealing new aspects of behavior
that appear clinically relevant. In one
study of 48 individuals, Saeb et al® de-
scribed behavioral entropy based on the
variation in several sensor measures as a
correlate of mood ratings. The study by
Bedi et al” proposed measures of seman-
tic coherence from speech samples as a
predictor of psychosis. Although most of
the early studies, seeking validation, have measured the
correlation of digital phenotyping features with stan-
dard clinical ratings, it is not clear whether smartphone
measures collected continuously in a patient’s ecosys-
tem will prove better at predicting clinical outcomes than
episodic rating scales collected in a clinical setting. Even
if digital phenotypingis more successful at predicting out-
comes, the real question is whether this information can
be used to monitor and improve patient outcomes.

Digital phenotyping is being tested in several areas
where psychiatry needs better measurement of behavior.
Inclinical trials, smartphone data are being used as an out-
come measure as well as astratifying variable.® In practice,
digital phenotyping could become a potential path to
measurement-based care, allowing care managers to moni-
tor remission and relapse, potentially preempting emer-
gency department visits or hospitalizations. For populations
in which this approach has not yet been tried, there is po-
tential forimproving prediction of risk and identifying needs
for services. Inaddition, mental disorders are globalillnesses
with high morbidity and mortality, but the workforce s lim-
ited in number. Smartphones are now common globally,
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Figure. The Process of Digital Phenotyping
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Digital phenotyping involves collecting sensor, keyboard, and voice and speech
data from smartphones to measure behavior, cognition, and mood.

even in communities without clean water or a well-developed power
grid. Combining digital phenotyping with online psychosocial interven-
tions could potentially transform global mental health.

Even though the potential for this new technology is evident, with
any new technology, the risks need to be considered. Two major
hurdles must be overcome if digital phenotyping is to move from the
current stage of hype to the hoped-for stage of public health effect.
First, the technology must demonstrate its value, not in economic
terms but in terms of clinical effectiveness. Will digital phenotyping
confer better outcomesin the real world of clinical practice? Will bet-
ter measurement reduce morbidity and mortality? Currently, thereare
no studies with which to answer these questions, but there are few
areas of medicine in which better measurement alone confers bet-
ter outcomes. Data that improve decisions or improve efficiency will
be helpful, but bridging the “last mile" from better data to better care
is a major challenge. This bridge needs to be built before digital phe-
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