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“And you can change it, you can influence it
— Steve Jobs

n today’s global society, smartphones are
ubiquitous, used by >2.5 billion people.*
They provide limitless availability of on-
demand services and resources, unparal-
leled computing power by size, and the
ability to connect with anyone in the world.

Digital applications and new mobile tech-
nologies can be used to change the nature
of the psychiatrist-patient relationship. The
future of clinical practice is changing with the
help of smartphones and apps. Diagnosis,
follow-up, and treatment will never look the
same as we come to better understand and
apply emerging technologies.

Both Android and iOS—the 2 larg-
est mobile operating systems by market
share>—provide outlets for the dissemina-
tion of mobile applications. There are cur-
rently >10,000 mental health-related apps
available for download.! One particular use
case of mental health-related apps is digital
phenotyping.

In this article, we aim to:

¢ define digital phenotyping

¢ explore the potential advances in patient
care afforded by emerging technology

¢ discuss the ethical dilemmas and future
of mental health apps.

The possibilities of digital
phenotyping

Digital phenotyping is capturing a patient’s
real-time clinical state using digital technol-
ogy to better understand the patient’s state

outside of the clinic. While digital pheno-
typing may seem new, the concepts behind
it are grounded in good clinical care.

For example, it is important to assess
sleep and physical activity for nearly all
patients, regardless of diagnosis. However,
the patient’s retrospective recollection of
sleep, mood, and other clinically relevant
metrics is often unreliable, especially when
visits are months apart. With smartphones,
it is possible to automatically collect metrics
for sleep, activity, mood, and much more
in real time from the convenience of our
patients’ personal devices (Figure 1, page 38).

Smartphones can capture a seemingly
endless number of data streams, from
patient-interfacing active data, such as jour-
nal entries, messaging, and games, to data
that is captured passively, such as screen
time, Global Positioning System informa-
tion, and step count. Clinicians can work
with patients to customize which digital
phenotyping data they would like to cap-
ture. In one study, researchers worked with
17 patients with schizophrenia by captur-
ing self-reported surveys, anonymized
phone call logs, and location data to see
if they could predict relapse by observing
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aData can be captured passively, such as heart rate, step count, and Global Positioning System information, or actively, such
as depression symptoms and cognitive state. These data streams may help inform clinical decisions

variations in how patients interact with
their smartphones.> They observed that
the rate of behavioral anomalies was 71%
higher in the 2 weeks prior to relapse than
during other periods. The data captured by
the smartphone will depend on the patient
and the clinical needs. Some clinicians may
only want to collect data on step count and
screen time to learn if a patient is overus-
ing his or her smartphone, which might be
related to becoming less physically active.
One novel data stream offered by smart-
phone digital phenotyping is cognition.
While we know that impaired cognition is
a core symptom of schizophrenia, and that
cognition is affected by depression and
anxiety, cognitive symptoms are clinically
challenging to quantify. Thus, the cognitive
burden of mental illness and the cognitive
effects of treatment are often overlooked.
However, smartphones are beginning to

offer a novel means of capturing a patient’s
cognitive state through the use of common
clinical tests. For example, the Trail Making
Test measures visual attention and executive
function by having participants connect dots
that differ in number, color, or shape in an
ascending pattern.® By having patients per-
form this test on a smartphone, clinicians can
utilize the touchscreen to capture the user’s
discrete actions, such as time to completion
and misclicks. These data can be used to
build novel measures of cognitive perfor-
mance that can account for learning bias and
other confounding variables.” While these
digital cognitive biomarkers are still in active
research, it is likely that they will quickly be
developed for broad clinical use.

In addition to the novel data offered by
digital phenotyping, another benefit is the
low cost and ease of use. Unlike wearable
devices such as smartwatches, which can
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Activity and environmental domains captured by smartphones
and their correlations with symptoms?®
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also offer data on steps and sleep, smart-
phone-based digital phenotyping does
not require patients to purchase or use addi-
tional devices. Running on patients” smart-
phones, digital phenotyping offers the ability
to capture rich and continuous health data
without added effort or cost. Given that the
average person interacts with their phone
more than 2,600 times per day,® smartphones
are well suited for capturing large amounts
of information that may provide insights
into patients” mental health.

For illnesses such as depression and anx-
iety, the clinical relevance of digital pheno-
typing is in the ability to capture symptoms
as they occur in context. Figure 2 provides a
simplified example of how we can learn that
for this fictitious patient, exercise greatly
improves anxiety, whereas being in a cer-
tain environment worsens it. Other insights
about sleep and social settings could also

provide further information about the con-
text of the patient’s symptoms. While these
correlations alone will not lead to better
clinical outcomes, it is easy to imagine how
such data could help a patient and clinician
start a conversation about making impact-
ful changes.

Case report: Digital phenotyping
To illustrate how digital phenotyping could
be put to clinical use, we created the follow-
ing case report of a fictional patient who
agrees to be monitored via her smartphone.
Consider a hypothetical patient we will
call Ms. T who is in her mid-20s and has
been diagnosed with schizophrenia. On a
follow-up visit, she says she has insomnia.
She also reports having a recent loss of appe-
tite and higher levels of anxiety. After review-
ing her smartphone data (Figure 3, page 40),
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Ms. T’s sleep quality, step count, and survey scores as captured by a
smartphone-based digital phenotyping platform?
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2High values in the anxiety, depression, and psychosis domains indicate more severe symptoms; high values in the sleep
domain indicate better sleep; and high values in the steps domain indicate elevated activity levels

the clinician sees an inversely proportional
relationship between her sleep quality and
symptoms of anxiety, psychosis, and depres-
sion, which suggests that these symptoms
might be due to poor sleep. Her step count
has been fairly stable, indicating that there is
no significant correlation between physical
activity and her other symptoms.

The clinician shows Ms. T the data to
help her understand why a trial of cogni-
tive-behavioral therapy for insomnia, or at
least improving sleep hygiene, may offer
several benefits. The clinician advises her to
continue to use the app to help assess her
response to these interventions and moni-
tor her progress in real time.

Dilemma: The ethics of
continuous observation

The rich data captured by digital phenotyp-
ing afford many clinical opportunities, but

also raise concerns. Among these are 3 sig-
nificant ethical implications.

Firstly, the same data that may help a
clinician learn about what environments
are associated with less anxiety for the
patient may also reveal personal details
about where that patient has been or with
whom they have interacted. In the wrong
hands, such personal data could cause
harm. And even in the hands of a trusted
clinician, a breach in the patient’s privacy
begs the question: “Should such informa-
tion be anyone’s business at all?”

Secondly, many apps that offer digi-
tal phenotyping could also store patient
data—something that currently per-
vades social media and causes reasonable
discomfort for many people. You might
have personally encountered this with
social media platforms such as Facebook.
When it
health apps, clinicians should carefully

comes to mobile mental



understand the data usage agreement of
any digital phenotyping app they wish to
use and then share this information with
their patients.

Finally, while it is possible to collect the
types of data outlined in this article, less is
known about how to use it directly in clini-
cal care. Understanding for each patient
which data streams are most meaning-
ful and which data streams are noise that
should be ignored is an area of ongoing
research. A good first step may be to begin
with data streams that are known to be
clinically relevant and valuable, such as
sleep and physical activity.*!!

Discussion: Genomic sequencing
and digital phenotyping

Although smartphones can gather a wide
range of active and passive data, other
data streams hold potential for predicting
relapse and performing other clinically rel-
evant actions. One data stream that could
be of clinical use is genomic sequencing.'
The genotyping of patients provides a
wealth of information about the underly-
ing biology, and genomic sequencing has
never been cheaper.”

Combining the data gathered via digi-
tal phenotyping with that of genotyping
could help elucidate the mechanisms by
which specific diseases and symptoms
occur. This could be very promising to
better understand and treat our patients.
However, as is the case with genomics,

digital phenotyping has important ethi-
cal implications. If used in the proper way
to benefit our patients, the future for this
new method is bright.
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