Phonotype: a New Taxonomy for mHealth Research
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Our phones and computers have become reflections of
our personalities, our interests, and our identities.
They hold much that is important to us.'

James B. Comey, Former FBI Director

Genotype and phenotype are established terms used to
describe the set of genes that are unique to a person’s genetic
makeup, and the observable characteristics resulting from the
interaction of that genotype with the environment, respective-
ly. Adding to this taxonomy, we propose a new term,
“phonotype,” to describe how information collected by an
individual’s smartphone can be utilized to understand their
behavior and promote health.

While similar phrases including reality mining, digital phe-
notyping, and personal informatics have also been used to
describe research involving smartphone-collected data,” we
advocate for the term “phonotype” instead given its (1) clear
connotation to smartphones; (2) “-type” suffix consistency with
genotype and phenotype; and (3) single-word simplicity. More-
over, the term captures the potential use of data obtained from
smartphones to characterize human activity and behavior in
ways that can be mapped onto one’s genotype and phenotype.

A NEW ERA IN PERSONALIZED MEDICINE

Internet-connected smartphones began to appear on the consumer
market in the early 2000s, and have become nearly ubiquitous in
the decade following the launch of the first-generation Apple
iPhone in 2007 and release of Google’s Android operating sys-
tem approximately 1 year later. It is now estimated there are over
2.5 billion smartphones in use worldwide with high rates of
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ownership in both advanced and emerging economies.” Further-
more, they have become an essential component in the lives of
most Americans with over 80% of US adults owning a device
and ownership rates that are similar by race and high even among
the less affluent (71% of individuals with annual incomes <
$30,000 own a smartphone).*

PHONOTYPE DATA LEVELS

Unlike earlier generations of mobile phones, modern
smartphones contain accelerometers, gyroscopes, light sen-
sors, microphones, cameras, and GPS. These sensors passive-
ly collect “digital exhaust™ that can be analyzed to establish
normal baseline and diurnal patterns in how an individual
smartphone user types, taps, speaks, moves, sleeps, and uses
their apps (phonotype level 1). Moreover, this information can
be augmented with passively collected smartphone data on
social interaction (e.g., call logs, text messages, emails, ad-
dress books, photographs, and social media posts) and media
exposure (e.g., news, podcasts, videos, music, and web brows-
ing) to generate novel insights into an individual’s state of
mind and social ecology (phonotype level 2).

Further enhancing the personalization of one’s phonotype,
many individuals, particularly those living with a chronic
medical condition, will “actively” upload their biometric data
to their smartphones via a Bluetooth-connected heart rate
monitor, blood pressure cuff, scale, glucometer, electrocardio-
graph, or smartwatch that are widely available (phonotype
level 3). Lastly, we anticipate electronic medical record
(EMR) systems will soon automatically “push” clinical data
to a patient’s smartphone (e.g., weight, vital signs, medications
prescribed, laboratory results, and health services utilization
(phonotype level 4)), thereby informing delivery of even more
personalized interventions, while becoming capable of
downloading smartphone-collected data for presentation to
clinicians in an organized format (phonotype levels 1-3).

PHONOTYPE STRATA

Sophisticated machine learning and artificial intelligence al-
gorithms are increasingly able to analyze the enormous
amounts of data collected on smartphones and then classify
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users into phonotype strata. Similar to the “Health Predispo-
sition Reports™ created by 23andMe and other personalized
genomics firms, we anticipate these reports will present easily
interpretable risk probabilities that the user will develop cer-
tain conditions (e.g., depression, suicidal ideations) and esti-
mate their control of recognized disorders (Table 1). Yet unlike
“fixed” Health Predisposition Reports informed by genetic
data, these algorithms will regularly update a patient’s
phonotype strata in response to changes in their behavior,
circumstances, and other information collected by their
smartphone.

PHONOTYPE APPLICATIONS TO IMPROVE CLINICAL
CARE

To date, the most studied phonotypes have related to mental
health disorders,” * but many other behavioral patterns can be
analyzed that, in conjunction with a clinical examination and
select testing, may help clinicians identify the correct diagno-
sis, initiate treatment, and then monitor their patient’s response
between face-to-face visits. Some of these patterns include:

e Changes in word choice and tone, social media content,
emojis, and websites visited which may be a warning for
imminent suicidal risk, depression relapse, schizophrenia,
or another mental health condition.’

e Smartphone use during normal sleeping hours which
could be related to anxiety, mania, heart failure, or the
presence of another chronic illness.

e Changes in how quickly the user types and errors made
combined with GPS data on physical activity that could
be carly signs of an adverse drug event, dementia,
intoxication, or a visual disturbance.

e Increases in physical activity, sleep, and concentration
may indicate improved control of depression, pain,
remission of substance use disorder, or sleep apnea.

We foresee that the software algorithms used to categorize
individuals into phonotype strata will also generate a variety
of highly personalized, evidence-based, and smartphone-

Table 1 A Sample Report Portraying Personalized Health
Predisposition and Disease Control by Phonotype Strata

Phonotype strata

Health predisposition Disease control

Phenotype Low Elevated Pre- Good  Fair  Poor
risk risk disease

Addiction °

Dementia °

Depression °

Diabetes °

Heart failure °

Hypertension °

Insomnia °

Pain °

Suicidal °

ideation

delivered just-in-time adaptive interventions (JITAIs) for pa-
tients to consider.” When these computer-generated recom-
mendations also advise the start or adjustment of a medication
or a diagnostic test, we anticipate they will first be routed to
the patient’s physician via EMR for their review and approval
first. Then, depending upon the urgency and complexity of
the situation (e.g., potential suicidal ideations, substance
abuse relapse), the physician or a practice nurse will contact
the patient via smartphone or request an office visit to discuss
this advice with follow-up provided by care managers, virtual
medical coaches, chatbots, home care visits, and other means.

CONCLUSIONS

High rates of smartphone ownership have led to the rapid
and unobtrusive accumulation of enormous amounts of
personal- and population-level data that can be analyzed
in real time and may finally help realize the promise of
personalized medicine. We advocate for the term
“phonotype” to describe how smartphone-collected data
may be used to improve health, and suggest several terms
in an effort to provide a common taxonomy that may
advance mHealth research. Further study is needed to (1)
validate phonotype strata to the risk and presence of spe-
cific behavioral and medical conditions; (2) understand
how differences in culture, lifestyle, age, gender, and envi-
ronment may affect phonotype; (3) balance patients’ data
privacy concerns, particularly when life-threatening events
may be present’; and (4) demonstrate the effectiveness and
cost-effectiveness of just-in-time interventions that are
targeted to specific phonotype strata.
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