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FOR TREATING MYOPIA

Technical Field

CROSS-REFERENCE TO RELATED APPLICATION

This application claims under priority to and the benefit of U.S Patent Application
No.16/883,369, filed May 26, 2020, the disclosure of which is incorporated herein by
reference in its entirety.

FIELD

The present disclosure relates to digital therapeutics (hereinafter referred to as DTx)

intended for myopia therapy, which includes inhibition of progression of myopia. The
present disclosure also relates to systems that integrate digital therapeutics with one or
both of a healthcare provider portal and an administrative portal to treat myopia in a
patient. In particular, embodiments of the present disclosure may comprise deducing a
mechanism of action (hereinafter referred to as MOA) in axial myopia in childhood/
adolescence stages through the literature search and expert reviews of basic scientific
articles and related clinical trial articles to find the mechanism of action in myopia, and
establishing a therapeutic hypothesis and a digital therapeutic hypothesis for inhibiting
progression of axial myopia in the childhood/adolescence stages and treating the axial
myopia based on these findings. The present disclosure also relates to a rational design
of an application for clinically verifying a digital therapeutic hypothesis for axial
myopia in the childhood/adolescence stages and realizing the digital therapeutic hy-
pothesis for digital therapeutics, and to the provision of a digital apparatus and an ap-
plication for inhibiting progression of axial myopia in childhood/adolescence stages
and treating the axial myopia based on this rational design.
Background Art

In Korea, myopic patients have very high morbidity. The results of data analysis in
the years 2008 to 2012 show that the morbidity of myopia (-0.75 diopters or higher) in
12- to 18-year-old adolescents in Korea is 80.4%, which is 4.35 times higher than the
morbidity of myopia (18.5%) in the 60-year-old elderly in demographic aspects, and
that the morbidity in high myopia (-6 diopter or higher) is 12%, which is 8 times
higher than that of the 60-year-old elderly (1.5%), and also is three times higher than
the morbidity of myopia of the adolescents in USA, the United Kingdom, etc.

It is more serious that approximately 70% of the adolescent myopic patients in Korea
were surveyed to be medium- and high-myopic patients. Also, the morbidity of myopia

in the elementary school students was approximately 23% in 1980, but steadily
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increased from 38% in 1990 to 46.2% in 2000.
The World Health Organization (WHO) has recognized myopia as one of diseases,

but there is no potent therapeutics against myopia around the world. In recent years,
the myopia began again to receive academic attention as the morbidity of myopia has
increased suddenly in China, Singapore, Korea, etc. Also, the myopia has emerged as
an ophthalmologic disease that may also cause the loss of eyesight in the future.

Types of myopia are divided into axial myopia caused due to the extending axis of
eyeball and refractive myopia (i.e., indexmyopia) caused due to an increased refractive
index of the eye lens or the cornea, etc. Types of the axial myopia are divided into
simple myopia having no influence on the retina or the choroid, and degenerative
myopia causing deformation in the retina to induce the loss of eyesight. Except for
nuclear sclerosis and keratoconum caused by the diabetes, most of the myopia cor-
responds to simple axial myopia whose progression is accelerated from the elementary
school ages.

As this method for delaying progression of or treating myopia, a method of using a
drug (atropine) and a special lens (for example, a dream lens) was known. However,
atropine causes serious dazzling with the pupil dilation. Also, because the dream lens
has a high risk of damage to the cornea, it has limited clinical applications, compared
to glasses for vision corrosion.

Separately, although a variety of apparatuses for treating myopia, eye exercise
methods, eye exercise applications, and the like have been developed and sold in the
market, most of them have insufficient grounds for the clinical efficacy, and are sold
without any additional permission. However, there is no highly reliable therapeutic
method that the childhood/adolescent patients who have been diagnosed as myopia in

the hospitals can use to inhibit progression of and treat myopia.
Disclosure of Invention
Solution to Problem

In some aspects, the present disclosure provides a system for treating myopia,
comprising a digital apparatus configured to execute a digital application for treating
myopia in a subject; a healthcare provider portal configured to provide one or more
options to a healthcare provider to perform one or more tasks to prescribe treatment for
the myopia in the subject based on information received from the digital application;
and an administrative portal configured to provide one or more options to an admin-
istrator of the system to perform one or more tasks to manage access to the system by
the healthcare provider.

In some aspects, the present disclosure provides a method of treating myopia in a

subject in need thereof, the method comprising providing, by a digital apparatus to the
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subject, a digital application comprising modules for treating myopia based on a
mechanism of action in and a therapeutic hypothesis for the myopia, each of the
modules comprising one or more first instructions for the subject to follow, wherein
the digital apparatus (i) comprises a sensor sensing adherence by the subject to the one
or more first instructions of the modules, (ii) transmits adherence information, based
on the adherence, to a server accessible by a healthcare provider through a healthcare
provider portal, and (iii) receives one or more second instructions from the healthcare
provider based on the adherence information.

In some aspects, the present disclosure provides a non-transitory computer readable
medium having stored thereon software instructions for treating myopia in a subject in
need thereof that, when executed by a processor, cause the processor to display, by an
digital apparatus to the subject, modules for treating myopia based on a mechanism of
action in and a therapeutic hypothesis for the myopia, each of the modules comprising
one or more instructions for the subject to follow; sense, by a sensor in the digital
apparatus, adherence by the subject to the instructions of the modules; transmit, by the
digital apparatus, adherence information, based on the adherence, to a server accessible
by a healthcare provider through a healthcare provider portal; and receive, from the
server, one or more second instructions from the healthcare provider.

In some embodiments, the digital application for treating myopia instructs a
processor of the digital apparatus to execute operations comprising generating digital
therapeutic modules for treating myopia based on a mechanism of action in and a
therapeutic hypothesis for the myopia. In some embodiments, the generating of the
digital therapeutic modules comprises generating the digital therapeutic modules based
on neurohumoral factors related to the myopia onset. In some embodiments, the op-
erations further comprise generating a calibration module for calibrating one or more
of an accuracy of measurement of the subject’s eye position, and a light environment.
In some embodiments, the calibration module is generated prior to generating the
digital therapeutic modules. In some embodiments, the accuracy of measurement of the
subject’s eye position is calibrated, and

said calibrating the accuracy of measurement of the subject’s eye position comprises
one or more of instructing the subject to position their face to appear on a screen of the
digital apparatus, detecting the subject’s eyes for a given period of time, instructing the
subject to blink their eyes, detecting if the subject blinked their eyes, instructing the
subject to stare at the screen, instructing the subject to move their eyes in a given
direction or rotate their eyes, and determining a threshold for detecting the subject’s
eyes. In some embodiments, the digital apparatus comprises one or more sensors for
tracking movement of the subject’s eyeball. In some embodiments, the accuracy of

measurement of the light environment is calibrated, and said calibrating the light en-
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vironment comprises one or more of detecting light in the subject’s environment using
a light sensor of the digital apparatus, and instructing the subject to turn on one or
more lights in their environment. In some embodiments, the digital application for
treating myopia instructs a processor of the digital apparatus to execute operations
comprising generating digital therapeutic modules for treating myopia based on a
mechanism of action in and a therapeutic hypothesis for the myopia. In some em-
bodiments, the digital application for treating myopia instructs a processor of the
digital apparatus to execute operations comprising generating digital instructions based
on the digital therapeutic modules. In some embodiments, the digital application for
treating myopia instructs a processor of the digital apparatus to execute operations
comprising providing the digital instruction to a subject. In some embodiments, the
digital application for treating myopia instructs a processor of the digital apparatus to
execute operations comprising collecting the subject’s execution outcomes of the
digital instructions. In some embodiments, the generating of the digital instructions and
the collecting of the subject’s execution outcomes of the digital instructions are re-
peatedly executed several with multiple feedback loops, and the generating of the
digital instructions comprises generating the subject’s digital instructions for this cycle
based on the subject’s digital instructions in the previous cycle and the collected
execution outcome data on the subject’s digital instructions provided in the previous
cycle. In some embodiments, the collecting the subject’s execution outcomes of the
digital instructions comprises determining one or both of an exercise intensity (EI) and
an average exercise intensity (AEI). In some embodiments, AEI is determined as an
averaged sum of differences between a final location of an eyeball of the subject and a
starting location of the eyeball measured at a given interval. In some embodiments, the
interval is between about 10 milliseconds (ms) and about 500 ms. In some em-
bodiments, the EI is determined according the formula
_ AEITX100

145

In some embodiments, the AEI is determined as a sum of static AEI and dynamic

ET

AEI In some embodiments, the generating of the digital therapeutic modules
comprises generating the digital therapeutic modules by applying imaginary pa-
rameters about the subject’s environments, behaviors, emotions, and cognition to the
mechanism of action in and the therapeutic hypothesis for the myopia. In some em-
bodiments, the digital application for treating myopia instructs a processor of the
digital apparatus to generate digital therapeutic modules comprising two or more
modules selected from the group consisting of an eye exercise module, a relaxation
module, and a light therapy module. In some embodiments, the eye exercise module

comprises one or more exercise instructions for one or more of: eyeball exercise in-
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structions, biofeedback control instructions, and eyeball-related behavior control in-
structions. In some embodiments, the relaxation module comprises one or more re-
laxation instructions for one or more of: physical exercise instructions, ego en-
hancement instructions, safety feeling instructions, comfort feeling instructions, and
fun instructions. In some embodiments, the light therapy module comprises one or
more light therapy instructions for controlling a light environment of the subject. In
some embodiments, the one or more relaxation instructions comprise one or more of
playing a sound or song, inducing blinking, and instructing the subject to perform
gymnastics. In some embodiments, the digital therapeutic modules further comprise an
accomplishment module comprising one or more accomplishment instructions for task
accomplishment and for providing compensation for the subject’s adherence to the in-
structions of the two or more first modules. In some embodiments, the digital
therapeutic modules further comprise a fun module comprising one or more fun in-
structions for music, games, or videos. In some embodiments, the one or more options
provided to the healthcare provider are selected from the group consisting of adding or
removing the subject, viewing or editing personal information for the subject, viewing
adherence information for the subject, viewing a result of the subject for one or more at
least partially completed digital therapeutic modules, prescribing one or more digital
therapeutic modules to the subject, altering a prescription for one or more digital
therapeutic modules, and communicating with the subject. In some embodiments, the
one or more options comprise the viewing or editing personal information for the
subject, and the personal information comprises one or more selected from the group
consisting of an identification number for the subject, a name of the subject, a date of
birth of the subject, an email of the subject, an email of the guardian of the subject, a
contact phone number for the subject, a prescription for the subject, and one or more
notes made by the healthcare provider about the subject. In some embodiments, the
personal information comprises the prescription for the subject, and the prescription for
the subject comprises one or more selected from the group consisting of a prescription
identification number, a prescription type, a start date, a duration, a completion date, a
number of scheduled or prescribed digital therapeutic modules to be performed by the
subject, and a number of scheduled or prescribed digital therapeutic modules to be
performed by the subject per day. In some embodiments, the one or more options
comprise the viewing the adherence information, and the adherence information of the
subject comprises one or more of a number of scheduled or prescribed digital
therapeutic modules completed by the subject, and a calendar identifying one or more
days on which the subject completed, partially completed, or did not complete one or
more scheduled or prescribed digital therapeutic modules. In some embodiments, the

one or more options comprise the viewing the result of the subject, and the result of the
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subject for one or more at least partially completed digital therapeutic modules
comprises one or more selected from the group consisting of a time at which the
subject started a scheduled or prescribed digital therapeutic module, a time at which
the subject ended a scheduled or prescribed digital therapeutic module, an indicator of
whether the scheduled or prescribed digital therapeutic module was fully or partially
completed, and an exercise intensity (EI). In some embodiments, the one or more
options provided to the administrator of the system are selected from the group
consisting of adding or removing the healthcare provider, viewing or editing personal
information for the healthcare provider, viewing or editing de-identified information of
the subject, viewing adherence information for the subject, viewing a result of the
subject for one or more at least partially completed digital therapeutic modules, and
communicating with the healthcare provider. In some embodiments, the one or more
options comprise the viewing or editing the personal information, and the personal in-
formation of the healthcare provider comprises one or more selected from the group
consisting of an identification number for the healthcare provider, a name of the
healthcare provider, an email of the healthcare provider, and a contact phone number
for the healthcare provider. In some embodiments, the one or more options comprise
the viewing or editing the de-identified information of the subject, and the de-
identified information of the subject comprises one or more selected from the group
consisting of an identification number for the subject, and the healthcare provider for
the subject. In some embodiments, the one or more options comprise the viewing the
adherence information for the subject, and the adherence information of the subject
comprises one or more of a number of scheduled or prescribed digital therapeutic
modules completed by the subject, and a calendar identifying one or more days on
which the subject completed, partially completed, or did not complete one or more
scheduled or prescribed digital therapeutic modules. In some embodiments, the one or
more options comprise the viewing the result of the subject, and the result of the
subject for one or more at least partially completed digital therapeutic modules
comprises one or more selected from the group consisting of a time at which the
subject started a scheduled or prescribed digital therapeutic module, a time at which
the subject ended a scheduled or prescribed digital therapeutic module, an indicator of
whether the scheduled or prescribed digital therapeutic module was fully or partially
completed, and an exercise intensity (EI). In some embodiments, the digital application
further comprises a push alarm for one or more of reminding the subject complete a
digital therapeutic module and adjusting the light settings of the subject’s environment.
In some embodiments, the push alarm is activated to remind the subject to adjust the
light settings such that the subject is exposed to sufficiently bright light at least 3 times

per day. In some embodiments, the subject is a child. In some embodiments, the
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subject is less than about 20 years old, less than about 15 years old, less than about 10
years old, or less than about 5 years old. In some embodiments, the subject is assisted
or supervised by an adult. In some embodiments, the digital apparatus comprises a
digital instruction generation unit configured to generate digital therapeutic modules
for treating myopia based on a mechanism of action (MOA) in and a therapeutic hy-
pothesis for the myopia, generate digital instructions based on the digital therapeutic
modules, and provide the digital instructions to the subject. In some embodiments, the
digital apparatus comprises an outcome collection unit configured to collect the
subject’s execution outcomes of the digital instructions. In some embodiments, the
digital instruction generation unit generates the digital therapeutic modules based on
neurohumoral factors related to the myopia onset. In some embodiments, the neu-
rohumoral factors comprise insulin-like growth factor (IGF), cortisol, and dopamine.
In some embodiments, the digital instruction generation unit generates the digital
therapeutic modules based on the inputs from the healthcare provider. In some em-
bodiments, the digital instruction generation unit generates the digital therapeutic
modules based on information received from the subject. In some embodiments, the in-
formation is received from the subject comprises at least one of basal factors, medical
information, and digital therapeutics literacy of the subject, the basal factors including
the subject’s activity, heart rate, sleep, and diet (including nutrition and calories), the
medical information including the subject’s electronic medical record (EMR), family
history, genetic vulnerability, and genetic susceptibility, and the digital therapeutics
literacy including the subject’s accessibility, and technology adoption to the digital
therapeutics and the apparatus. In some embodiments, the digital instruction generation
unit generates the digital therapeutic modules matching to imaginary parameters which
correspond to the mechanism of action in and the therapeutic hypothesis for the
myopia. In some embodiments, the imaginary parameters are deduced in relation to the
subject’s environment, behaviors, emotions, and cognition. In some embodiments, the
outcome collection unit collects the execution outcomes of the digital instructions by
monitoring the subject’s adherence to the digital instructions or allowing the subject to
directly input the subject’s adherence to the digital instructions. In some embodiments,
the generation of the digital instructions at the digital instruction generation unit and
the collection of the subject’s execution outcomes of the digital instructions at the
outcome collection unit are repeatedly executed several times with multiple feedback
loops, and the digital instruction generation unit generates the subject’s digital in-
structions for this cycle based on the subject’s digital instructions in the previous cycle
and the execution outcome data on the subject’s digital instructions in the previous

cycle collected at the outcome collection unit.
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Brief Description of Drawings

The above and other objects, features and advantages of the present disclosure will
become more apparent to those of ordinary skill in the art by describing in detail
exemplary embodiments thereof with reference to the attached drawings, in which:

FIG. 1A is a diagram showing a mechanism of action in axial myopia in the
childhood/adolescence stages proposed in the present disclosure, FIG. 1B is a diagram
showing a therapeutic hypothesis for the axial myopia proposed in the present
disclosure, and FIG. 1C is a diagram showing a digital therapeutic hypothesis for axial
myopia proposed in the present disclosure;

FIG. 2 is a block diagram showing a configuration of a digital apparatus for treating
myopia according to one embodiment of the present disclosure;

FIG. 3 is a diagram showing input and output loops of a digital application for
treating myopia according to one embodiment of the present disclosure;

FIG. 4 is a diagram showing a feedback loop for a digital apparatus and an ap-
plication for treating myopia according to one embodiment of the present disclosure;

FIG. 5A is a diagram showing a module design for realizing a digital therapy in the
digital apparatus and the application for treating myopia according to one embodiment
of the present disclosure, FIG. 5B is a diagram showing a background factors
supporting the digital apparatus and the application for treating myopia according to
one embodiment of the present disclosure;

FIG. 6 is a diagram showing a method of assigning a patient-customized digital pre-
scription using the digital apparatus and the application for treating myopia according
to one embodiment of the present disclosure;

FIG. 7A shows execution environment setups according to one embodiment of the
present disclosure, and FIGS. 7B to 7G show examples of specific instructions for each
module, and methods of collecting output data according to one embodiment of the
present disclosure;

FIG. 8 is a flowchart illustrating operations in a digital application for treating
myopia according to one embodiment of the present disclosure;

FIG. 9 is a flowchart illustrating a method of generating digital instructions in the
digital application for treating myopia according to one embodiment of the present
disclosure;

FIG. 10 is a flowchart illustrating a method of repeatedly executing the operations
under the feedback control in the digital application for treating myopia according to
one embodiment of the present disclosure; and

FIG. 11 is a diagram showing a hardware configuration of the digital apparatus for

treating myopia according to one embodiment of the present disclosure.
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FIG. 12 is a flow chart illustrating a system for treating myopia, the system

comprising an administrative portal (e.g., Administrator’s web), a healthcare provider
portal (e.g., Doctor’s web) and a digital apparatus configured to execute a digital ap-
plication (e.g., an application or ‘app’) for treating myopia in a subject.

FIG. 13 is a flow chart illustrating an execution flow for a digital application of the
present disclosure.

FIG. 14 is a flow chart illustrating an execution flow for a splash process at the
starting of a digital application of the present disclosure.

FIG. 15 is a flow chart illustrating an execution flow for a login verification during a
splash process at the starting of a digital application of the present disclosure.

FIG. 16 is a flow chart illustrating an execution flow for a prescription verification
during a splash process at the starting of a digital application of the present disclosure.
FIG. 17 is a flow chart illustrating an execution flow for home entry during a pre-

scription verification in a digital application of the present disclosure.

FIG. 18 is a flow chart illustrating an execution flow for sessions in a digital ap-
plication of the present disclosure.

FIG. 19 is a flow chart illustrating an execution flow for a calibration module in a
digital application of the present disclosure.

FIG. 20 is a flow chart illustrating an execution flow for a session in a digital ap-
plication of the present disclosure, wherein the session comprises 2 or more digital
therapeutic modules.

FIG. 21 depicts a splash screen of a digital application of the present disclosure,
wherein the splash screen comprises a company logo, loading icon, and/or information
on the version of the digital application.

FIG. 22 depicts TrueDepth Camera Notification Screens of a digital application of
the present disclosure.

FIG. 23 depicts Home screens of a digital application of the present disclosure,
wherein the Home screen indicates the availability of sessions for a subject to
complete.

FIG. 24 depicts a Bright Environment Requirement Notification screen of a light
therapy module of a digital application of the present disclosure, wherein the Bright
Environment Requirement Notification screen indicates the amount of light detected
by the digital apparatus.

FIG. 25 depicts a Calibration Notification screen of a digital application of the
present disclosure, wherein the Calibration Notification screen indicates whether a
subject’s eye and/or movement of the eye are detectable by the camera.

FIGS. 26A-B depict (A) a screenshot of an eye exercise digital therapeutic module of

the present disclosure, and (B) a flow chart illustrating an execution flow for an eye
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exercise digital therapeutic module.

FIGS. 27A-B depict (A) a screenshot of a rest with relaxation digital therapeutic
module of the present disclosure, and (B) a flow chart illustrating an execution flow for
a rest with relaxation digital therapeutic module.

FIGS. 28A-B depict (A) a screenshot of an eye exercise digital therapeutic module of
the present disclosure, and (B) a flow chart illustrating an execution flow for an eye
exercise digital therapeutic module.

FIGS. 29A-B depict (A) a screenshot of a rest with relaxation using sounds digital
therapeutic module of the present disclosure, and (B) a flow chart illustrating an
execution flow for a rest with relaxation using sounds digital therapeutic module.

FIGS. 30A-B depict (A) a screenshot of an eye exercise digital therapeutic module of
the present disclosure, and (B) a flow chart illustrating an execution flow for an eye
exercise digital therapeutic module.

FIGS. 31A-B depict (A) a screenshot of a deep breathing digital therapeutic module
of the present disclosure, and (B) a flow chart illustrating an execution flow for a deep
breathing digital therapeutic module.

FIGS. 32A-B depict (A) a screenshot of an eye exercise digital therapeutic module of
the present disclosure, and (B) a flow chart illustrating an execution flow for an eye
exercise digital therapeutic module.

FIGS. 33A-C depict (A) a screenshot of a deep breathing digital therapeutic module
of the present disclosure, (B) screenshots of a deep breathing digital therapeutic
module when instructing the subject to inhale (left) and exhale (right), and (C) a flow
chart illustrating an execution flow for a deep breathing digital therapeutic module.

FIGS. 34A-B depict (A) a screenshot of an eye exercise digital therapeutic module of
the present disclosure, and (B) a flow chart illustrating an execution flow for an eye
exercise digital therapeutic module.

FIGS. 35A-B depict (A) a screenshot of a rest with relaxation digital therapeutic
module of the present disclosure, and (B) a flow chart illustrating an execution flow for
a rest with relaxation digital therapeutic module.

FIG. 36 depicts screenshots shown at the completion of a single session, at the
completion of all daily sessions, and at stop / start verification in a digital application
of the present disclosure.

FIGS. 37A-B depict (A) a screenshot of a Room Decoration Board in an accom-
plishment module in a digital application of the present disclosure, and (B) a timeline
showing the days on which a subject may acquire a given Room Decoration item.

FIG. 38 depicts a screenshot of a Parent Section in a digital application of the present
disclosure.

FIG. 39 depicts a screenshot of a Change Password Section in a digital application of
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the present disclosure.

FIG. 40 is a table showing push messages, a time when a given push message is sent
to a subject, and an outcome when a given push message is opened.

FIG. 41 depicts the layout for an exemplary healthcare provider portal and/or an ad-
ministrative portal of the present disclosure. The full screen may be used in login
screen, etc., and there may be no headers or side bar menus. The default screen may be
used in almost all screens after logging in such as dashboard, patient list, etc. The
modal pop-up may be used in situations where user’s click is needed such as checking
before deleting a patient from the patient list. The toast pop-up may be used to provide
adequate notifications to the users and may use different colors for each situation such
as success or failure in order for the users to easily check.

FIG. 42 depicts the layout for a healthcare provider portal and/or an administrative
portal of the present disclosure.

FIG. 43 depicts the layout for a healthcare provider portal and/or an administrative
portal of the present disclosure.

FIG. 44 is a flow chart illustrating an execution flow for a healthcare provider portal
in a system of the present disclosure.

FIGS. 45A-1 depicts (A) a dashboard of a healthcare provider portal, (B) a patient tab
in a healthcare provider portal, the patient tab displaying a list of patients, (C) a patient
tab in a healthcare provider portal, the patient tab displaying detailed information on a
given patient, (D) a patient tab in a healthcare provider portal for adding a new patient,
(E) a patient tab in a healthcare provider portal for editing information of an existing
patient, (F) a patient tab in a healthcare provider portal that displays detailed pre-
scription information for a given patient, (G-H) a patient tab in a healthcare provider
portal for editing prescription information for a given patient, and (I) a patient tab in a
healthcare provider portal for viewing details (e.g., date, status, duration, results) of a
given session for a given patient.

FIG. 46 is a flow chart illustrating an execution flow for an administrative portal in a
system of the present disclosure.

FIGS. 47A-1 depict (A) a dashboard of an administrative portal, (B) a doctor tab in an
administrative portal, the doctor tab displaying a list of doctors, (C) a doctor tab in an
administrative portal, the doctor tab displaying a list of patients being cared for by a
given doctor, with patient-identifying information redacted (*), (D) a doctor tab in an
administrative portal for adding a new doctor, (E) a doctor tab in an administrative
portal for editing information of an existing doctor, (F) a patient tab in an admin-
istrative portal that displays information for one or more patients, wherein sensitive in-
formation is redacted, (G) a patient tab in an administrative portal that displays detailed

patient or prescription information for a given patient, (H) a patient tab in an admin-
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istrative portal that displays detailed prescription information for a given patient, and
(I) a patient tab in an administrative portal for viewing details (e.g., date, status,

duration, results) of a given session for a given patient.
FIG. 48 is a table showing privileges for the doctors using the healthcare provider

portal and the administrators using the administrative portal.

While the above-identified drawings set forth presently disclosed embodiments, other
embodiments are also contemplated, as noted in the discussion. This disclosure
presents illustrative embodiments by way of representation and not limitation.
Numerous other modifications and embodiments may be devised by those skilled in
the art which fall within the scope and spirit of the principles of the presently disclosed

embodiments.

Best Mode for Carrying out the Invention

Hereinafter, exemplary embodiments of the present disclosure will be described in
detail. However, the present disclosure is not limited to the embodiments disclosed
below, but may be implemented in various forms. The following embodiments are
described in order to enable those of ordinary skill in the art to embody and practice

embodiments of the present disclosure.

Definitions

Although the terms first, second, etc. may be used to describe various elements, these
elements are not limited by these terms. These terms are only used to distinguish one
element from another. For example, a first element could be termed a second element,
and, similarly, a second element could be termed a first element, without departing
from the scope of exemplary embodiments. The term “and/or” includes any and all
combinations of one or more of the associated listed items.

The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of exemplary embodiments. The singular forms
“a,” “an” and “the” are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms “comprises,”
“comprising,” “includes” and/or “including,” when used herein, specify the presence
of stated features, integers, steps, operations, elements, components and/or groups
thereof, but do not preclude the presence or addition of one or more other features,
integers, steps, operations, elements, components and/or groups thereof.

As used herein, the term “about” generally refers to a particular numeric value that is
within an acceptable error range as determined by one of ordinary skill in the art,
which will depend in part on how the numeric value is measured or determined, i.e.,

the limitations of the measurement system. For example, “about” may mean a range of
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+20%, £10%, or £5% of a given numeric value.

Overview

With reference to the appended drawings, exemplary embodiments of the present
disclosure will be described in detail below. To aid in understanding the present
disclosure, like numbers refer to like elements throughout the description of the
figures, and the description of the same elements will be not reiterated.

In the prior art, the development of new drugs starts with confirming a medial
demand in situ, proposing a mechanism of action based on the expert reviews and
meta-analysis on the corresponding disease, and deducing a therapeutic hypothesis
based on the expert reviews and the meta-analysis. Also, after a library of drugs whose
therapeutic effects are expected is prepared based on the therapeutic hypothesis, a
candidate material is found through screening, and the corresponding candidate
material is subjected to optimization and preclinical trials to check its effectiveness and
safety from a preclinical stage, thereby deciding the candidate material as a final
candidate drug. To mass-produce the corresponding candidate drug, a CMC
(chemistry, manufacturing, and control) process is also established, a clinical trial is
carried out on the corresponding candidate drug to verify a mechanism of action and a
therapeutic hypothesis of the candidate drug, thereby ensuring the clinical effec-
tiveness and safety of the candidate drug.

From the point of view of this patent, drug targeting and signaling, which fall
upstream of the development of new drugs, have many uncertainties. In many cases,
because the drug targeting and signaling take a methodology of putting together the
outcomes, which have been reported in the art, and interpreting the outcomes, it may
be difficult to guarantee the novelty of disclosure. On the contrary, the disclosure of
drugs capable of regulating the drug targeting and signaling to treat a disease requires
the highest level of creativity except for the field of some antibody or nucleic acid
(DNA, RNA) therapeutics in spite of the development of research methodology for
research and development of numerous new drugs. As a result, the molecular structures
of the drugs are the most critical factors that constitute the most potent substance
patent in the field of new drugs.

Unlike the drugs whose rights are strongly protected through this substance patent,
digital therapeutics are basically realized using software. Due to the nature of the
digital therapeutics, the rational design of digital therapeutics against the corre-
sponding disease, and the software realization of the digital therapeutics based on the
rational design may be considered to be a very creative process of disclosure to be
protected as a patent when considering the clinical verification and approval processes

as the therapeutics.
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That is, the core of the digital therapeutics as in the present disclosure depends on the
rational design of digital therapeutics suitable for treatment of the corresponding
disease, and the development of specific software capable of clinically verifying the
digital therapeutics based on the rational design. Hereinafter, a digital apparatus and an
application for treating myopia according to the present disclosure realized in this
aspect will be described in detail.

In certain aspects, the present disclosure provides a system for treating myopia. In
some embodiments, the system comprises a digital apparatus configured to execute a
digital application for treating myopia in a subject. In some embodiments, the system
comprises a healthcare provider portal configured to provide one or more options to a
healthcare provider to perform one or more tasks to prescribe treatment for the myopia
in the subject based on information received from the digital application. In some em-
bodiments, the system comprises an administrative portal configured to provide one or
more options to an administrator of the system to perform one or more tasks to manage
access to the system by the healthcare provider. FIG. 12 depicts a flow chart il-
lustrating a system for treating myopia, the system comprising an administrative portal
(e.g., Administrator’s web), a healthcare provider portal (e.g., Doctor’s web) and a
digital apparatus configured to execute a digital application (e.g., an application or
‘app’) for treating myopia in a subject. Among other things, the Administrator’s portal
allows an administrator to issue doctor accounts, review doctor information, and
review de-identified patient information. Among other things, the Healthcare
Provider’s portal allows a healthcare provider (e.g., a doctor) to issue patient accounts,
and review patient information (e.g., age, prescription information, and status for
having completed one or more digital therapeutic modules or sessions). Among other
things, the digital application allows a patent access to complete one or more digital
therapeutic modules or sessions. FIG. 13 depicts a flow chart illustrating an execution
flow for the digital application. Upon opening the digital application, a splash screen is
displayed, followed by a request for log in information, as well as a verification of pre-
scription information for the subject. FIG. 14 depicts a flow chart illustrating an
execution flow for a splash process at the starting of the digital application. The splash
process may comprise detecting whether the digital apparatus comprises a TrueDepth
camera, detecting whether the digital application has access to the camera, detecting
whether the digital application has a network connection, whether the digital ap-
plication has been updated to the latest version, login verification, and prescription ver-
ification. FIG. 15 depicts a flow chart illustrating an execution flow for login veri-
fication during a splash process at the starting of the digital application. Similarly, FIG.
16 depicts a flow chart illustrating an execution flow for prescription verification

during a splash process at the starting of the digital application. The prescription veri-
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fication process may comprise, for example, determining if the treatment period has
expired, determining whether the subject has been recently (e.g., within the last hour)
been exposed to bright light), determining if, based on the prescription, the subject’s
sessions for the day have been completed (e.g., the subject is compliant with the pre-
scription). In such instances, the digital apparatus may notify the subject that there are
no sessions available to be completed, and/or expose the subject to a light therapy
module prior to beginning any digital therapeutic modules. FIG. 21 depicts a splash
screen of a digital application of the present disclosure, wherein the splash screen
comprises a logo (labeled 1), loading icon (labeled 2), and/or information on the
version of the digital application (labeled 3). The splash entry process checks the
network, version, login verification and others based on the execution flow. If there are
data which had not been sent due to forced app termination, network errors, etc., the
data are checked and sent during splash entry. During the splash entry process, the
loading icon is shown when the process takes too long. In certain embodiments, ap-
propriate pop-ups are shown for different situations of application execution flow. The
splash entry process may also include camera detection. FIG. 22 depicts TrueDepth
Camera Notification Screens of a digital application of the present disclosure. In
devices that do not support TrueDepth Camera, eye exercises cannot be conducted, and
thus prevent further application execution from appearing on the screen. The camera
(also referred to as a sensor, a depth sensor, or a range sensor) can generate depth data
indicating distance to points in a surrounding. In some embodiments, the digital
apparatus includes (i) a camera that faces a user (e.g., to obtain facial data about the
user’s face, such as the location of the eyeball, hand data about the user’s hand, or
other data about other parts of the user’s body) and/or (i) a camera that faces a user’s
environment (e.g., to obtain location data about the user’s physical environment, such
as the location of a light). In certain embodiments, the camera comprises a three di-
mensional camera system, such as the TrueDepth® camera system manufactured by
Apple, Inc., Cupertino, Calif. (USA). In another embodiment, the camera comprises a
time-of-flight (ToF) camera that measures the time-of-flight of a light signal between
the ToF camera and a target in an environment (e.g., the eyeball of the subject). In yet
another embodiment, the camera comprises a structured-light 3D scanner (e.g., an
infrared emitter and infrared camera) to implement a structured-light technique that
projects a known pattern (e.g., structured light) onto a surface and captures image(s). A
person of skill in the art will appreciate that the camera can implement other
techniques, such as sheet of light triangulation, stereo triangulation, interferometry, and
the like. As non-limiting examples, the camera can implement techniques and/or
components used by a RealSense® camera from Intel®, a Hololens® from

Microsoft®, a TrueDepth® camera from Apple®, a Tango® system from Google®, a
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Kinect® system from Microsoft®, and the like. In some embodiments, the camera is
configured to capture an image. In some embodiments, the camera is configured to
generate depth data, such as a range image, depth map, or the like. The depth data may
indicate one or more distances to one or more points (e.g., the distance moved by an
eyeball over a given interval of time) represented in the depth data, respectively. In
some examples, depth data may be used to identify distances to points in an en-
vironment, identify an object or surface in the environment, determine distance
travelled by an object over a given interval, and/or position and/or maintain a repre-
sentation of user or other content in relation to the object or the surface as the digital
apparatus moves within the environment (e.g., in an AR or VR implementation).

A Mailto link (labeled 1) may be included to help the subject send mail to a support
team. Camera access may be allowed/disallowed (e.g., turned on/off) by the user
whenever he/she wants. Camera access status is checked every time the app launches,
and if the access is disallowed(off), a screen indicating that camera access is denied is
displayed and the application is prevented from further execution. A button (labeled 2)
may also be displayed to assist the subject in jumping to the settings panel of the
digital apparatus to adjust the settings (e.g., allow camera access).

As described above, the availability of sessions may be determined during the pre-
scription verification process. FIG. 23 depicts Home screens of the digital application
of the present disclosure, wherein the Home screen indicates the availability of
sessions for a subject to complete. As shown in FIG. 23, (1) Patient name: no tapping
required, (2) Guardian mode entry button, (3) Room, which gets decorated as the
treatment proceeds (decorations are automatically added or upgraded as the sessions
are completed, and the decorations may display simple movements), (4) a character,
which appears in the middle of the room, undergoes no changes during the treatment,
and jumps up when tapped, (5) a Play button, (6) Notifications that the given daily
sessions are completed, and (7) Notification of the end of the treatment program.

FIGS. 37A-B depict (A) a screenshot of a Room Decoration Board in an accom-
plishment module in a digital application of the present disclosure, and (B) a timeline
showing the days on which a subject may acquire a given Room Decoration item. As
shown, (1) a character, (2) a Room Decoration Board, where the numbers are presented
like a calendar, and the Decoration Board maps a number or room decoration item for
each date; the user cannot acquire the item on days with only numbers (3-2.) and vice
versa on days with decoration items (3-1), and (4) shows items of 3-1 (room decoration
items received) in close-up (e.g., a magnified view of the room decoration item(s)
obtained).

In some embodiments, the digital application for treating myopia instructs a

processor of the digital apparatus to execute operations comprising generating digital
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therapeutic modules for treating myopia based on a mechanism of action in and a
therapeutic hypothesis for the myopia. In some embodiments, the digital therapeutic
modules comprises generating the digital therapeutic modules based on neurohumoral
factors related to the myopia onset.

In some embodiments, the operations further comprise generating a calibration
module for calibrating one or more of an accuracy of measurement of the subject’s eye
position, and a light environment. In some embodiments, the calibration module may
be generated prior to generating the digital therapeutic modules. In some embodiments,
the calibration module may not performed, and calibration settings from a previous
session are used. Calibration may be performed at any time before, during, or after a
session comprising two or more digital therapeutic modules. For example, calibration
may precede the session. In another example, if the results from a digital therapeutic
module exhibit large variability, the digital application may stop the session, and
initiate calibration to confirm that the results of the digital therapeutic module are true,
and not a result of poor calibration. FIG. 19 depicts a flow chart illustrating an
execution flow for a calibration module in the digital application. Calibration may
proceed at the start of the session each day for accuracy of eye measurement. Cal-
ibration may take between 35 and 60 seconds depending on the execution of outcomes.
As shown in FIG. 19, the calibration module may comprise a series of instructions
from the digital application to the subject such as orienting the subjects face in a
particular direction (e.g., for better detection of the subject’s eye(s)), or blinking the
subject’s eyes. FIG. 25 depicts a Calibration Notification screen of the digital ap-
plication, wherein the Calibration Notification screen indicates whether a subject’s eye
and/or movement of the eye are detectable by the camera. As shown in FIG. 25, (1) a
ready button, (2) a display of the Front Camera view on screen, (3) a character that is
only shown when the digital application perceives the pupil (the character may be a 2D
character with big eyes, which copy the user’s eye movements, and may appear in a
semi-transparent manner so that the user’s face may be seen), and (4) a notice that
provides action guides for user’s guardian.

A session may comprise any number of digital therapeutic modules. In some em-
bodiments, a session may comprise two or more digital therapeutic modules. In some
embodiments, a session may comprise 3 or more, 4 or more, 5 or more, 6 or more, 7 or
more, 8 or more, 9 or more, 10 or more, 11 or more, 12 or more, 13 or more, 14 or
more, 15 or more, 20 or more, or 25 or more digital therapeutic modules. A session
may comprise any number of digital therapeutic modules, and the digital therapeutic
modules may be independently selected from an eye exercise module, a relaxation
module, a deep breathing module, and a light therapy module. FIG. 20 depicts a flow

chart illustrating an execution flow for a session in a digital application, wherein the
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session comprises 10 digital therapeutic modules. In some embodiments, a session may
consist of 10 digital therapeutic modules, and the digital therapeutic modules comprise
5 eye exercise modules, 3 relaxation modules, and 2 deep breathing modules. A person
of skill in the art will appreciate that there are a vast number of combinations for the
number and type(s) of digital therapeutic modules that may go into a particular session.
FIGS. 26A through FIGS. 35B depict various types of digital therapeutic modules
(e.g., eye exercise, relaxation, and deep breathing).

In some embodiments, the accuracy of measurement of the subject’s eye position
may be calibrated, and said calibrating comprises determining threshold for detecting
the subject’s eyes. In additional embodiments, said calibrating the accuracy of mea-
surement of the subject’s eye position comprises one or more of instructing the subject
to position their face to appear on a screen of the digital apparatus, detecting the
subject’s eyes for a given period of time, instructing the subject to blink their eyes,
detecting if the subject blinked their eyes, instructing the subject to stare at the screen,
instructing the subject to move their eyes in a given direction or rotate their eyes, and
determining a threshold for detecting the subject’s eyes. In some embodiments, the
digital apparatus comprises one or more sensors for tracking movement of the subject’s
eyeball. The threshold for detecting the subject’s eyes may be determined in a variety
of ways. For example, the movement of eyes left to right may be scaled to 100 out of a
maximum horizontal view. The movement of eyes from the top to bottom may also be
scaled to 100 out of a maximum vertical view. Movement of the eyes for an average
person is about 70 based on the scale of 100. For children and patients having myopia,
movement of the eyes is less than 70. In one example, a threshold may be 70% of 70
(e.g., about 49). In another example, a threshold may be 50, 51, 52, 53, 54, 55, 56, 57,
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72,73,74,75,76,77,78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98 or 99% of a prede-
termined value based on the scale of 100. The predetermined value may be 70. In other
embodiments, the threshold may be about 40, about 45, about 50, about 55, about 60,
about 65, about 70, about 75, about 80, about 85, or about 90. In other embodiments,
the threshold may be 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52,53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74,
75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98 or 99 based on the scale of 100.

In one aspect, the digital therapeutic modules is generated based on the threshold.
For example, an eye exercise module is generated based on the threshold. The eye
exercise may include moving an object within 10,9, 8,7,6,5,4,3,2,0r 1 from a
boundary of the threshold of the subject based on the scale of 100 in order to increase

the threshold of the subject. The eye exercise may include moving an object within 10,
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9,8,7,6,5,4,3,2,or 1 from a boundary of the threshold of the subject after a sensor
detects a gaze of eyes within 10,9, 8,7, 6, 5, 4, 3, 2, or 1 from a boundary of the
threshold.

In some embodiments, the accuracy of measurement of the light environment may be
calibrated, and said calibrating the light environment comprises one or more of
detecting light in the subject’s environment using a light sensor of the digital
apparatus, and instructing the subject to turn on one or more lights in their en-
vironment. FIG. 24 depicts a Bright Environment Requirement Notification screen of a
light therapy module of a digital application of the present disclosure, wherein the
Bright Environment Requirement Notification screen indicates the amount of light
detected by the digital apparatus. It is important to be exposed to bright light while
performing eye exercise. The room starts at a very messy state, and becomes clean as
the digital apparatus perceives the light. The digital application exposes the patient to
bright light at least 3 times a day. After launching the app, the camera sensor perceives
bright light and the lights that are off turn on. As shown in FIG. 24, (1) the light bulb
helps induce the user to be exposed to bright light 3 times a day. All lights are off on
the very first launch of the digital application (1-1), and the light bulbs start to go on
after perceiving sufficient light (1-2), (2) an inducement element help induce the user
to be exposed to bright light (e.g., dark background, spider, spider web, dust, etc.), (3)
skipping the bottom of home element (e.g., play button, and completion notifications
are left out on this page).

In some embodiments, the digital application for treating myopia instructs a
processor of the digital apparatus to execute operations. In some embodiments, the
executed operations comprise generating digital therapeutic modules for treating
myopia based on a mechanism of action in and a therapeutic hypothesis for the
myopia. In some embodiments, the executed operations comprise generating digital in-
structions based on the digital therapeutic modules. In some embodiments, the
executed operations comprise providing the digital instruction to a subject. In some
embodiments, the executed operations comprise collecting the subject’s execution
outcomes of the digital instructions. In some embodiments, the generating of the digital
instructions and the collecting of the subject’s execution outcomes of the digital in-
structions are repeatedly executed several with multiple feedback loops. In some em-
bodiments, the generating of the digital instructions comprises generating the subject’s
digital instructions for this cycle based on the subject’s digital instructions in the
previous cycle and the collected execution outcome data on the subject’s digital in-
structions provided in the previous cycle.

In some embodiments, the given interval at which a location of the eyeball is

measured is about 10 milliseconds (ms), 25 ms, 50 ms, 60 ms, 70 ms, 80 ms, 90 ms,
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100 ms, 110 ms, 120 ms, 130 ms, 140 ms, 150 ms, 175 ms, 200 ms, 250 ms, 300 ms,
350 ms, 400 ms, or a range of two values therebetween. In some embodiments, the
given interval at which a location of the eyeball is measured is between about 10 ms,
and about 500 ms, about 50 ms and about 250 ms, about 75 and 5 about 150 ms, or
about 90 ms and about 110 ms.

In some embodiments, the generating of the digital therapeutic modules comprises
generating the digital therapeutic modules by applying imaginary parameters about the
subject’s environments, behaviors, emotions, and cognition to the mechanism of action
in and the therapeutic hypothesis for the myopia. In some embodiments, the digital ap-
plication for treating myopia instructs a processor of the digital apparatus to generate
digital therapeutic modules comprising two or more modules selected from the group
consisting of an eye exercise module, a relaxation module, and a light therapy module.

In some embodiments, the eye exercise module comprises one or more exercise in-
structions for one or more of: eyeball exercise instructions, biofeedback control in-
structions, and eyeball-related behavior control instructions.

In some embodiments, the relaxation module comprises one or more relaxation in-
structions for one or more of: physical exercise instructions, ego enhancement in-
structions, safety feeling instructions, comfort feeling instructions, and fun in-
structions. In some embodiments, the light therapy module comprises one or more light
therapy instructions for controlling a light environment of the subject. In some em-
bodiments, the one or more relaxation instructions comprise one or more of playing a
sound or song, inducing blinking, and instructing the subject to perform gymnastics.

In some embodiments, the digital therapeutic modules further comprise an accom-
plishment module comprising one or more accomplishment instructions for task ac-
complishment and for providing compensation for the subject’s adherence to the in-
structions of the two or more first modules. In some embodiments, the digital
therapeutic modules further comprise a fun module comprising one or more fun in-
structions for music, games, or videos.

In some embodiments, the healthcare provider portal provides a healthcare provider
with one or more options, and the one or more options provided to the healthcare
provider are selected from the group consisting of adding or removing the subject,
viewing or editing personal information for the subject, viewing adherence information
for the subject, viewing a result of the subject for one or more at least partially
completed digital therapeutic modules, prescribing one or more digital therapeutic
modules to the subject, altering a prescription for one or more digital therapeutic
modules, and communicating with the subject. In some embodiments, the one or more
options comprise the viewing or editing personal information for the subject, and the

personal information comprises one or more selected from the group consisting of an
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identification number for the subject, a name of the subject, a date of birth of the
subject, an email of the subject, an email of the guardian of the subject, a contact
phone number for the subject, a prescription for the subject, and one or more notes
made by the healthcare provider about the subject. In some embodiments, the personal
information comprises the prescription for the subject, and the prescription for the
subject comprises one or more selected from the group consisting of a prescription
identification number, a prescription type, a start date, a duration, a completion date, a
number of scheduled or prescribed digital therapeutic modules to be performed by the
subject, and a number of scheduled or prescribed digital therapeutic modules to be
performed by the subject per day. In some embodiments, the one or more options
comprise the viewing the adherence information, and the adherence information of the
subject comprises one or more of a number of scheduled or prescribed digital
therapeutic modules completed by the subject, and a calendar identifying one or more
days on which the subject completed, partially completed, or did not complete one or
more scheduled or prescribed digital therapeutic modules. In some embodiments, the
one or more options comprise the viewing the result of the subject, and the result of the
subject for one or more at least partially completed digital therapeutic modules
comprises one or more selected from the group consisting of a time at which the
subject started a scheduled or prescribed digital therapeutic module, a time at which
the subject ended a scheduled or prescribed digital therapeutic module, an indicator of
whether the scheduled or prescribed digital therapeutic module was fully or partially
completed, and an exercise intensity (EI).

FIG. 45A depicts a dashboard of a healthcare provider portal. (1) The number of all
patients associated with the present doctor’s account. A graph may be used to show the
number of patients who have opened the digital application for patient per day in the
most recent 90 days. The number of patients in progress may also be viewed. A graph
may be used to show the number of patients who have completed the daily sessions per
day in the most recent 90 days. FIG. 45B depicts a patient tab in a healthcare provider
portal, the patient tab displaying a list of patients. As shown, (1) Patient ID (the unique
identification number temporarily given to each patient when adding them on the list),
(2) Patient Name, (3) Search bar for searching by ID, Name, Email, Memo, etc., and
(4) Add New Patient button for adding new patients. FIG. 45C depicts a patient tab in a
healthcare provider portal, the patient tab displaying detailed information on a given
patient. As shown, (1) detailed patient information, (2) a button for editing patient in-
formation, (3) prescription information, (4) a button for adding a new prescription, (5)
displays a progress status for different each prescription, and (6) a button or link for
sending an email to the patient. FIG. 45D depicts a patient tab in a healthcare provider

portal for adding a new patient. As shown, (1) shows a button for adding a new patient,
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and (3) shows an error message displayed when required patient information has not
been provided. FIG. 45E depicts a patient tab in a healthcare provider portal for editing
information of an existing patient. As shown, (1) is a button or link for resetting a
password, (2) is a button for deleting a given patient, and (3) is a button for saving
changes. FIG. 45F depicts a patient tab in a healthcare provider portal that displays
detailed prescription information for a given patient. As shown, (1) is a button for
editing prescription information, (2) displays the duration of the sessions attended by
the patient or subject, and (3) shows an overview the treatment progress. Seven days
are represented as a line or row of 7 squares. For 12 weeks, each 6 weeks may be
presented separately. Different colors may be used to discern session statuses (e.g.,
grey for sessions not started, red for sessions not attended, yellow for sessions partially
attended, and green for sessions fully attended). FIGS. 45G-H depict a patient tab in a
healthcare provider portal for editing prescription information for a given patient. FIG.
451 depicts a patient tab in a healthcare provider portal for viewing details (e.g., date,
status, duration, results such as EI or AEI) of a given session for a given patient. As
shown, (1) is the eye exercise intensity, and (2) is a graph of the exercise intensity.
Different colors may be used in the graph to differentiate between up / down or right /
left movement of the eye. In the graph, the larger the amplitude, the more the eye has
been exercised.

In some embodiments, collecting the subject’s execution outcomes of the digital in-
structions comprises determining one or both of an exercise intensity (EI) and an
average exercise intensity (AEI). In some embodiments, AEI may be determined as an
averaged sum of differences between a final location of an eyeball of the subject and a
starting location of the eyeball measured at a given interval. The EI may be determined
according the formula:

_ AEITX100
145

In certain embodiments, total AEI can be determined as a sum of dynamic AEI and

ET

static AEL. Dynamic AEI may be determined based on the eyeball movement over a
given time, and static AEI may be determined based on holding a stretched position for
an eyeball over a given time. For example, while dynamic AEI can be determined as
the averaged sum of differences between a final location of an eyeball of the subject
and a starting location of the eyeball measured over given interval (e.g., corresponding
to a measure of the how much an eyeball is moving), static AEI can be determined as
the averaged sum of distances of the eyeball from a resting position (e.g., looking
straight ahead) measured over given interval as the eyeball is fixed in place (e.g., not
moving). With respect to dynamic AEI, when the eyeball tracking is started with the

eye in a resting position (time = 0), AEI is calculated by measuring changes in distance
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travelled by the eyeball (d) over a given interval (e.g., 10 to 500 msec). That is, if d is
large, a lot of eye movement is measured, resulting in a high AEIL. Small changes in d
(e.g., when the eyeball moves less or not at all) result in a low AEI. However, dynamic
AEI does not account for exercise of the eye muscles when the eye is fixed at a
location that is not the resting position. In other words, over a given interval, the
subject’s eye can be held at a position that is not the resting state (e.g., d = 0), however
eye muscles are still being exercised in order to hold the eye at that position. Static
AEI accounts exercise of the eye that is not related to eye movement.

In some embodiments, the administrative portal provides an administrator with one
or more options, and the one or more options provided to the administrator of the
system are selected from the group consisting of adding or removing the healthcare
provider, viewing or editing personal information for the healthcare provider, viewing
or editing de-identified information of the subject, viewing adherence information for
the subject, viewing a result of the subject for one or more at least partially completed
digital therapeutic modules, and communicating with the healthcare provider. In some
embodiments, the one or more options comprise the viewing or editing the personal in-
formation, and the personal information of the healthcare provider comprises one or
more selected from the group consisting of an identification number for the healthcare
provider, a name of the healthcare provider, an email of the healthcare provider, and a
contact phone number for the healthcare provider. In some embodiments, the one or
more options comprise the viewing or editing the de-identified information of the
subject, and the de-identified information of the subject comprises one or more
selected from the group consisting of an identification number for the subject, and the
healthcare provider for the subject. In some embodiments, the one or more options
comprise the viewing the adherence information for the subject, and the adherence in-
formation of the subject comprises one or more of a number of scheduled or prescribed
digital therapeutic modules completed by the subject, and a calendar identifying one or
more days on which the subject completed, partially completed, or did not complete
one or more scheduled or prescribed digital therapeutic modules. In some em-
bodiments, the one or more options comprise the viewing the result of the subject, and
the result of the subject for one or more at least partially completed digital therapeutic
modules comprises one or more selected from the group consisting of a time at which
the subject started a scheduled or prescribed digital therapeutic module, a time at
which the subject ended a scheduled or prescribed digital therapeutic module, an
indicator of whether the scheduled or prescribed digital therapeutic module was fully
or partially completed, and an exercise intensity (EI).

FIG. 47A depicts (A) a dashboard of an administrative portal. As shown, (1) shows

the number of doctors. A graph may be used to show the number of doctors that have
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visited the digital application per day in the most recent 90 days, (2) The number of all
patients associated with the any doctor’s account. A graph may be used to show the
number of patients who have opened the digital application for patient per day in the
most recent 90 days. The number of patients in progress may also be viewed. A graph
may be used to show the number of patients who have completed the daily sessions per
day in the most recent 90 days. FIG. 47B depicts a doctor tab in an administrative
portal, the doctor tab displaying a list of doctors. As shown, (1) is a search bar for
searching for various doctors by name, email, etc., (2) shows a button for adding a new
doctor, (3) is the doctor’s ID, (4) is a button for viewing detailed doctor information,
and (5) shows deactivated doctor accounts. FIG. 47C depicts a doctor tab in an admin-
istrative portal, the doctor tab displaying a list of patients being cared for by a given
doctor, with patient-identifying information redacted (*). As shown, (1) is the doctor’s
account information, (2) is a button for editing the doctor’s account information, (3) is
a list of patients being cared for by the doctor, (4) is a list of patient ID numbers , (5) a
link or button for sending the doctor a registration email, (6) a notification that the
doctor’s account has been deactivated, which only appears for deactivated accounts,
and (7 and 8) redacted or de-identified patient information. FIG. 47D depicts a doctor
tab in an administrative portal for adding a new doctor. FIG. 47E depicts a doctor tab
in an administrative portal for editing information of an existing doctor, including ac-
tivating or deactivating a doctor’s account. FIG. 47F depicts a patient tab in an admin-
istrative portal that displays information for one or more patients, wherein sensitive in-
formation is redacted. FIG. 47G depicts a patient tab in an administrative portal that
displays detailed patient or prescription information for a given patient. FIG 47H
depicts a patient tab in an administrative portal that displays detailed prescription in-
formation for a given patient. FIG. 471 depicts a patient tab in an administrative portal
for viewing details (e.g., date, status, duration, results) of a given session for a given
patient. FIG. 48 provides a table showing privileges for the doctors using the
healthcare provider portal and the administrators using the administrative portal.

In some embodiments, the digital application further comprises a push alarm and/or
push notifications for one or more of reminding the subject complete a digital
therapeutic module and adjusting the light settings of the subject’s environment. In
some embodiments, the push alarm and/or push notification is activated to remind the
subject to adjust the light settings such that the subject is exposed to sufficiently bright
light at least 3 times per day. A patient or subject treated by any of the methods,
systems, or digital applications described herein may be of any age and may be an
adult, infant or child, however the methods and systems of the present disclosure are
particularly suitable for children. In some cases, the patient or subjectis 0, 1, 2, 3,4, 5,
6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
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30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75,
76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
or 99 years old, or within a range therein (e.g., between 2 and 20 years old, between 20
and 40 years old, or between 40 and 90 years old). In some embodiments, the patient
or subject is a child. In some embodiments, the patient or subject is a child, and is su-
pervised by an adult when using the methods, systems, or digital applications of the
present disclosure. In some embodiments, the patient or subject is less than about 20
years old, less than about 15 years old, less than about 10 years old, or less than about
S years old.

In some embodiments, the digital apparatus comprises a digital instruction generation
unit configured to generate digital therapeutic modules for treating myopia based on a
mechanism of action (MOA) in and a therapeutic hypothesis for the myopia, generate
digital instructions based on the digital therapeutic modules, and provide the digital in-
structions to the subject. In some embodiments, the digital apparats comprises an
outcome collection unit configured to collect the subject’s execution outcomes of the
digital instructions. In some embodiments, the digital instruction generation unit
generates the digital therapeutic modules based on neurohumoral factors related to the
myopia onset. In some embodiments, the neurohumoral factors comprise insulin-like
growth factor (IGF), cortisol, and dopamine.

In some embodiments, the digital instruction generation unit generates the digital
therapeutic modules based on the inputs from the healthcare provider. In some em-
bodiments, the digital instruction generation unit generates the digital therapeutic
modules based on information received from the subject.

In some embodiments, the information is received from the subject comprises at least
one of basal factors, medical information, and digital therapeutics literacy of the
subject. In some embodiments, the basal factors including the subject’s activity, heart
rate, sleep, and diet (including nutrition and calories). In some embodiments, the
medical information including the subject’s electronic medical record (EMR), family
history, genetic vulnerability, and genetic susceptibility. In some embodiments, the
digital therapeutics literacy including the subject’s accessibility, and technology
adoption to the digital therapeutics and the apparatus.

In some embodiments, the digital instruction generation unit generates the digital
therapeutic modules matching to imaginary parameters which correspond to the
mechanism of action in and the therapeutic hypothesis for the myopia. In some em-
bodiments, the imaginary parameters are deduced in relation to the subject’s en-
vironment, behaviors, emotions, and cognition.

In some embodiments, the digital apparats comprises an outcome collection unit
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configured to collect the subject’s execution outcomes of the digital instructions, and
the outcome collection unit collects the execution outcomes of the digital instructions
by monitoring the subject’s adherence to the digital instructions or allowing the subject
to directly input the subject’s adherence to the digital instructions. In some em-
bodiments, the generation of the digital instructions at the digital instruction generation
unit and the collection of the subject’s execution outcomes of the digital instructions at
the outcome collection unit are repeatedly executed several times with multiple
feedback loops. In some embodiments, the digital instruction generation unit generates
the subject’s digital instructions for this cycle based on the subject’s digital instructions
in the previous cycle and the execution outcome data on the subject’s digital in-
structions in the previous cycle collected at the outcome collection unit.

FIG. 36 depicts screenshots shown at the completion of a single session, at the
completion of all daily sessions, and at stop / start verification in a digital application
of the present disclosure. As shown, (1) a button to continue on the next session, (2) a
button to move onto the home screen. If it is the last day of the prescribed duration
move to screen 3.1.3, if not, 3.1.2 (see, e.g., FIG. 23). Session Stop Verification Pop-
up appears when taps the Home button on the upper left while executing the session.

FIG. 1A is a diagram showing a mechanism of action in axial myopia in the
childhood/adolescence stages proposed in the present disclosure, FIG. 1B is a diagram
showing a therapeutic hypothesis for the axial myopia proposed in the present
disclosure, and FIG. 1C is a diagram showing a digital therapeutic hypothesis for axial
myopia proposed in the present disclosure.

A digital apparatus and an application for inhibiting progression of and treating
myopia according to the present disclosure as will be described below are realized
based on the mechanism of action and therapeutic hypothesis deduced through the
literature search and expert reviews of clinical trial articles on axial myopia in
childhood/adolescence stages.

Generally speaking, disease therapy is carried out by analyzing a certain disease in
terms of pathophysiological functions and dispositions in order to determine a start
point, a progression point, and an end point for the disease. Also, an indication of the
disease is defined by characterization of the corresponding disease and statistical
analysis of the disease. Also, patient’s physiological factors, especially neurohumoral
factors, which correspond to the verified indications, are analyzed, and the patient’s
neurohumoral factors are restricted a narrow extent associated with the disease to
deduce a mechanism of action.

Next, a therapeutic hypothesis, in which the corresponding disease is treated by con-
trolling actions and environments directly associated with regulation of the corre-

sponding neurohumoral factors associated with the disease, is deduced. To realize this
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therapeutic hypothesis into digital therapeutics, a digital therapeutic hypothesis for
achieving a therapeutic effect through repeated digital instruction and execution, which
are associated with the “control of patient’s action/environment — regulation of neu-
rohumoral factors, is proposed. The digital therapeutic hypothesis of the present
disclosure is realized as a digital apparatus and an application is realized as a digital
apparatus and an application configured to present changes in patient’s actions
(including behavioral, emotional, and cognitive areas), improvement of patient’s en-
vironment, and patient’s participation in the form of specific instructions and collect
and analyze execution of the specific instructions.

Literature search for the clinical trials as described above may be executed through
meta-analysis and data mining, and the clinical specialist’s feedbacks and deep reviews
may be applied in each analysis step. Basically, the present disclosure encompasses ex-
tracting a mechanism of action in and a therapeutic hypothesis for axial myopia using
the procedure as described above, and regulating the neurohumoral factors based on
these results to provide a digital apparatus and an application as digital therapeutics for
inhibiting progression of and treating axial myopia.

However, a method of extracting a mechanism of action in and a therapeutic hy-
pothesis for axial myopia according to the present disclosure is not limited to the
methods as described above. In addition, mechanisms of action in and therapeutic hy-
potheses for diseases may be extracted using various methods.

Referring to FIG. 1A, various risk factors in the childhood/adolescence stages, for
example, near working, education, race, genetics, and other factors (premature birth,
diet, light exposure, birth season, increased intraocular pressure, etc.) may cause the
imbalance of neurohumoral factors (which are related to the myopia onset) in the
childhood/adolescence stages. As a result, proteoglycans are abnormally produced in
the sclera around the eye due to IGF, cortisol, and dopamine dysregulation, which
results in axial myopia developing due to abnormal growth of the optical axis.

Referring to FIG. 1B, the therapeutic hypothesis for axial myopia according to the
present disclosure includes inhibition of progression of and treatment of axial myopia
by restoring the balance of neurohumoral factors through the patient’s actions
(including behavioral, emotional, and cognitive areas) and environment, and the
patient’s participation.

Referring to FIG. 1C, the digital therapeutic hypothesis for axial myopia is realized
as a digital apparatus and an application configured to present changes in patient’s
actions, improvement of patient’s environment, and patient’s participation in the form
of specific instructions and collect and analyze execution of the specific instructions.
When the digital therapeutics of the present disclosure are used, the imbalance of neu-

rohumoral factors for axial myopic patients in the childhood/adolescence stages may
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be corrected through the digital inputs (instructions) and outputs (execution) to achieve
inhibition of progression of and treatment of axial myopia.

Meanwhile, the mechanism of action in and the therapeutic hypothesis for axial
myopia are described with reference to FIGS. 1A and 1B, but the present disclosure is
not limited thereto. For example, the methodology of the present disclosure may be
applied to all types of myopia, and any other diseases.

Also, although the insulin-like growth factor (IGF), cortisol, and dopamine are
described as the neurohumoral factors as shown in FIGS. 1A and 1B, it should be un-
derstood that the description of the neurohumoral factors is given by way of illustration
only, and are not intended to be limiting in all aspects of the mechanism of action in
and the therapeutic hypothesis for myopia according to the present disclosure. Ac-
cordingly, all the neurohumoral factors having an influence on the myopia may be
considered.

FIG. 2 is a block diagram showing a configuration of the digital apparatus for
treating myopia according to one embodiment of the present disclosure.

Referring to FIG. 2, a digital system 000 for treating myopia according to one em-
bodiment of the present disclosure may include a digital instruction generation unit
010, a sensing data collection unit 020, an execution input unit 030, an outcome
analysis unit 040, a database 050, and a security unit 060.

Based on the mechanism of action in and the therapeutic hypothesis and digital
therapeutic hypothesis for axial myopia in the childhood/adolescence stages, a doctor
(a second user) may prescribe digital therapeutics, which are realized in a digital
apparatus and an application for treating myopia, for the corresponding patient. In this
case, the digital instruction generation unit 010 is a device configured to provide a pre-
scription of the digital therapeutics to a patient as a specific behavioral instruction that
the patient may execute based on the interaction between the neurohumoral factors for
myopia and the patient’s behaviors/environments. For example, the neurohumoral
factors may include IGF, cortisol, dopamine, and the like, but the present disclosure is
not limited thereto. For example, all types of neurohumoral factors that may cause
myopia may be considered.

The digital instruction generation unit 010 may generate digital instructions based on
the inputs from the doctor. In this case, the digital instruction generation unit 010 may
generate digital instructions based on information collected by the doctor when di-
agnosing a patient. Also, the digital instruction generation unit 010 may generate
digital instructions based on the information received from the patient. For example,
the information received from the patient may include the patient’s basal factors,
medical information, and digital therapeutics literacy. In this case, the basal factors

may include amount of the patient’s activity, heart rates, sleep, meals (nutrition and
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calories), and the like. The medical information may include the patient’s electronic
medical record (EMR), family history, genetic vulnerability, genetic susceptibility, and
the like. The digital therapeutics literacy may include the patient’s accessibility and an
acceptance posture to the digital therapy instructions and the apparatus, and the like.

The digital instruction generation unit 010 may reflect the mechanism of action in
and the therapeutic hypothesis for myopia in order to utilize imaginary parameters and
generate a digital module. In this case, the imaginary parameters may be deduced in
term of the patient’s environments, behaviors, emotions, and cognition. In this regard,
the imaginary parameters will be described in detail as shown in FIG. 5.

The digital instruction generation unit 010 generates digital instructions particularly
designed to allow a patient to have a therapeutic effect, and provides the instructions to
the patient. For example, the digital instruction generation unit 010 may provide light
stimuli under a bright light environment, and simultaneously generate specific digital
instructions in each of digital therapeutic modules.

The sensing data collection unit 020 and the execution input unit 030 may collect the
patient’s execution outcomes of the digital instructions provided at the digital in-
struction generation unit 010. Specifically, the sensing data collection unit 020
configured to sense the patient’s adherence to the digital instructions and the execution
input unit 030 configured to allow a patient to directly input the execution outcomes of
the digital instructions are included, and thus serve to output the patient’s execution
outcomes of the digital instructions.

The outcome analysis unit 040 may collect the patient’s behavior adherence or par-
ticipation in predetermined periods and report the patient’s behavior adherence or par-
ticipation to external systems. Therefore, a doctor may continue to monitor an
execution course of the digital instructions through the application even when a patient
does not directly visit a hospital.

The database 050 may store the mechanism of action in myopia, the therapeutic hy-
pothesis for myopia, the digital instructions provided to the user, and the user’s
execution outcome data. FIG. 2 shows that the database 050 is included in the digital
apparatus 000 for treating myopia. However, the database 050 may be provided in an
external server.

Meanwhile, a series of loops including inputting the digital instructions at the digital
instruction generation unit 010, outputting the patient’s execution outcomes of the
digital instructions at the sensing data collection unit 020/execution input unit 030, and
evaluating the execution outcomes at the outcome analysis unit 040 may be repeatedly
executed several times. In this case, the digital instruction generation unit 010 may
generate patient-customized digital instructions for this cycle by reflecting the patient’s

digital instructions provided in the previous cycle and output values, and the
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gression of and treating axial myopia according to the present disclosure, the myopia
therapy whose reliability may be ensured is possible by deducing the mechanism of
action in axial myopia and the therapeutic hypothesis and digital therapeutic hy-
pothesis for axial myopia in consideration of the neurohumoral factors for axial
myopia, presenting the setups of light stimulus environments suitable for the patient
and digital instructions for treating axial myopia based on the mechanism of action and
the therapeutic hypotheses, and collecting and analyzing execution of specific in-
structions.

FIG. 3 is a diagram showing input and output loops of the digital application for
treating myopia according to one embodiment of the present disclosure.

Referring to FIG. 3, the digital application for treating myopia according to one em-
bodiment of the present disclosure may input the corresponding digital prescription for
a patient in the form of instructions, and may output execution outcomes of the corre-
sponding digital instructions.

The digital instructions provided to the patient may include specific action in-
structions for behaviors, emotions, cognition, and the like, and control of the patient’s
light environments. As shown in FIG. 3, the digital instructions may include eye
exercise, reduced stress, a sense of accomplishment, light stimulus, and the like.
However, the digital instructions are given by way of illustration only, and are not
intended to be limiting to the digital instruction according to the present disclosure.

The patient’s execution outcomes of the digital instructions consist of 1) log-in/log
out information for instructions and execution, 2) adherence information sensed as
passive data such as eye exercise, heart rates associated with the stress, a change in
oxygen saturation, and the like, and 3) directly input information on the patient’s
execution outcomes.

FIG. 4 is a diagram showing a feedback loop for the digital apparatus and the ap-
plication for treating myopia according to one embodiment of the present disclosure.

Referring to FIG. 4, the inhibition of the progression of and the treatment of axial
myopia are shown to be achieved by repeatedly executing the aforementioned single
feedback loop of FIG. 3 several times to regulate the neurohumoral factors.

In the case of the axial myopia, the digital therapy and observation take a short
period of 10 weeks to the whole period of the childhood/adolescence stages to treat the
axial myopia due to the pathological characteristics of the axial myopia. Due to these
characteristics, inhibitory and therapeutic effects on progression of the axial myopia
may be more effectively achieved by gradual improvement of an instruction-execution

cycle in the feedback loop, compared to the simply repeated instruction-execution
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cycle during the corresponding course of therapy.

For example, the digital instructions and the execution outcomes for the first cycle
are given as input values and output values in a single loop, but new digital instructions
may be generated by reflecting input values and output values generated in this loop
using a feedback process of the loop to adjust the input for the next loop when the
feedback loop is executed N times. This feedback loop may be repeated to deduce
patient-customized digital instructions and maximize a therapeutic effect at the same
time.

As such, in the digital apparatus and the application for treating myopia according to
one embodiment of the present disclosure, the patient’s digital instructions provided in
the previous cycle (for example, a N-1st cycle), and the data on instruction execution
outcomes may be used to calculate the patient’s digital instructions and execution
outcomes in this cycle (for example, a Nth cycle). That is, the digital instructions in the
next loop may be generated based on the patient’s digital instructions and execution
outcomes of the digital instructions calculated in the previous loop. In this case,
various algorithms and statistical models may be used for the feedback process, when
necessary.

As described above, in the digital apparatus and the application for treating myopia
according to one embodiment of the present disclosure, it is possible to optimize the
patient customized digital instructions suitable for the patient through the rapid
feedback loop.

FIG. 5A is a diagram showing a module design for realizing a digital therapy in the
digital apparatus and the application for treating myopia according to one embodiment
of the present disclosure, FIG. 5B is a diagram showing a background factors
supporting the digital apparatus and the application for treating myopia according to
one embodiment of the present disclosure

As shown in FIG. 5A, when the therapeutic hypothesis based on the mechanism of
action in myopia is created, targeted neurohumoral factors (for example, IGF, cortisol,
dopamine, etc.) may be deduced. Imaginary parameters may be utilized to allow
specific instructions to correspond to the regulation of these neurohumoral factors.
Modules required to treat myopia was deduced using the “neurohumoral factor-
imaginary parameter module” interrelation. Each of the modules will be described in
the form of modular instructions in further detail with reference to FIG. 7 as will be
described below. In this case, each of the modules is in fact a basic design unit for
digital therapeutics realized in the digital apparatus or the application, and is a
collection of specific instructions.

Specifically, referring to FIG. 5A, the neurohumoral factors deduced based on the

mechanism of action in and the therapeutic hypothesis for axial myopia may be IGF,
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cortisol (or TGF-beta influenced by the cortisol), and dopamine (or GABA agonist/
antagonists, glucagon). To treat myopia, the neurohumoral factors should be regulated
in the corresponding age groups to promote secretion of IGF and dopamine having an
influence on the eye development and inhibit secretion of cortisol.

The control of each of the neurohumoral factors corresponds to the digital ther-
apeutics module using environments (light), behaviors (exercise), emotions (reduced
stress), and cognition (a sense of accomplishment) as imaginary parameters. Specific
digital instructions for each module are generated based on the converted modules. In
this case, the digital instructions may include execution environment setups and
modules (e.g., eye exercise, gymnastics, ego, safety/comfort, fun, and accomplishment
modules), which may be output by monitoring. However, the modules are given by
way of illustration only, and are not intended to be limiting to the modules according to
the present disclosure.

Meanwhile, referring to FIG. 5B, the background factors may be considered together
in the design of the modules in the digital apparatus and the application for treating
myopia according to one embodiment of the present disclosure.

In this case, the background factors are elements necessary for correction of clinical
trial outcomes during verification of the clinical effectiveness of digital myopia
therapy according to the present disclosure. Specifically, in the background factors
shown in FIG. 5B, the basal factors may include activity, heart rates, sleep, meals
(nutrition and calories), and the like, the medical information may include EMR,
family history, genetic vulnerability, and susceptibility, and the like, which have been
written when a patient visited a hospital, and the digital therapeutics literacy may
include the patient’s accessibility to the digital therapy instructions and the apparatus,
and an acceptance posture.

FIG. 6 is a diagram showing a method of assigning a patient-customized digital pre-
scription using the digital apparatus and the application for treating myopia according
to one embodiment of the present disclosure.

FIG. 6(A) show a prescription procedure for routine medical condition checkup of a
patient by a doctor, and FIG. 6(B) show a method of allowing a doctor to assign a
patient customized digital prescription based on the analysis of a plurality of digital in-
structions and execution outcomes of the digital instructions.

In this way, when the digital apparatus and the application for treating myopia
according to one embodiment of the present disclosure are used, the doctor may check
the patient’s instructions and execution outcomes for a given period and adjust the
types of modules for treating myopia, and the instructions for each module in a patient-
customized manner, as shown in FIG. 6(B).

FIG. 7A shows execution environment setups according to one embodiment of the
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present disclosure, and FIGS. 7B to 7G show examples of specific instructions for each
module, and methods of collecting output data according to one embodiment of the
present disclosure.

For digital therapy of axial myopia, because the patient’s persistent participation is
generally essential for 10 weeks or more, it is far more important that adolescent
children have fun in digital therapy and voluntarily participate in the digital therapy. In
this context, the modules may be configured by adding game elements to each module.
In the digital apparatus and the application for treating myopia, which have been
realized to relieve and treat axial myopia, as will be described below, each module is a
basic design unit and is a collection of specific instructions.

Referring to FIG. 7A, specific examples of instructions for execution environment
setups, and a method of collecting output data are shown. In this case, the execution
environment setups may be included as part of the configuration of the digital in-
struction generation unit 010 shown in FIG. 2.

Specifically, the execution environment setups include setup of brightness of an
execution environment using an illuminance sensor, and other modules are executed
under a set light environment.

In general, sunlight is closely related to the eye health. The same strong light
stimulation as in exposure to direct sunlight acts in nerve cells of the retina to promote
secretion of dopamine, thereby inducing synthesis of proteoglycans. This is a factor
essential for normally adjusting an axial length of the eye.

As described above, the illuminance under a current environment may be measured
using an illuminance sensor to provide light stimuli to a patient, an alarm of a current
light environment may be provided to brightly control an environment at which a
patient participates in digital therapy.

Referring to FIG. 7B, specific examples of instructions for an eye exercise module,
and a method of collecting output data are shown. In this case, the may be included as
part of the configuration of the digital instruction generation unit 010 shown in FIG. 2.

The digital instructions for eye exercise include controlling the patient’s eye exercise,
biofeedbacks, eyeball-related behaviors, and the like, and promote secretion of IGF in
oculomotor muscles. Specifically, behavioral instructions for the eye exercise module
may monitor the patient’s adherence using eye tracking technology such as eye
exercise, eye blinking, remote staring, eye closing, and the like. However, a collection
of the execution outcomes for the eye exercise module is not limited to the eye
tracking technology, and include directly inputting the execution outcomes of the in-
structions by the patient.

Referring to FIG. 7C, specific examples of instructions for a physical exercise

module, and a method of collecting output data are shown. In this case, the physical
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exercise module may be included as part of the configuration of the digital instruction
generation unit 010 shown in FIG. 2. The physical exercise module includes slow and
comfortable physical exercise, and abdominal exercise, and may be composed of a
series of behavioral instructions configured to reduce stress through breaks, relaxation,
deep breathing, and the like in order to inhibit secretion of cortisol.

Specifically, the behavioral instructions for the physical exercise module include be-
havioral instructions such as relaxation exercise, deep breathing, meditation, eye
massage, and the like. Also, the behavioral instructions include a method of collecting
the execution outcomes of the behavioral instructions at the sensing data collection unit
020 using a biofeedback apparatus (for measuring EEG, ECG, EMG, EDG, etc.) or a
general-purpose sensor (for measuring activity, HR, etc.), or a method of allowing a
patient to directly input the execution outcomes using the execution input unit 030. The
behavioral instructions of the present disclosure are composed based on a behavior
therapy method which is widely used to relieve stress of children in the child
psychiatry.

In general, the progression of myopia is closely related to the course of adolescence.
In particular, there might be a great deal of variation among the adolescent children in
this stage, depending on the age, gender, character, and preference of the children. To
cover these deviations, it is desirable that the digital instructions for each module are
presented in a customized manner according to the individual characteristics of each
patient. In particular, instructions requiring the mutual communication (for example,
conversation) with an application may be developed in combination with big data
analysis and artificial intelligence analysis.

Referring to FIG. 7D, specific examples of instructions for an ego module, and a
method of collecting output data are shown. In this case, the ego module may be
included as part of the configuration of the digital instruction generation unit 010
shown in FIG. 2.

Specifically, the instructions for the ego module aim to serve to increase the ado-
lescents’ self-esteem and relive the stress. To do this, the instructions for the ego
module may, for example, include instructions such as conversation, drawing,
meditation, diary writing, making his/her own safe space (safety place instructions),
his/her favorites (places, time, seasons, colors, foods, humans, etc.), his/her own
bucket lists, choosing places to travel and planning for travel, and the like. These in-
structions are composed based on a psychotherapy which has been widely used in the
child psychiatry to increase the self-esteem and relive the stress of children or ado-
lescents.

Referring to FIG. 7E, specific examples of instructions for a safety/comfort module,

and a method of collecting output data are shown. In this case, the safety/comfort
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module may be included as part of the configuration of the digital instruction
generation unit 010 shown in FIG. 2.

Specifically, the instructions for the safety/comfort module aim to serve as ven-
tilation to reduce the adolescents’ stress. To do this, the instructions for the safety/
comfort module may, for example, include instructions such as chatting, expression
(writing, singing, drawing), leaving unpleasant emotions in an animational aspect
(trash may instructions), and the like. These instructions are composed based on a psy-
chotherapy which has been widely used in the child psychiatry to increase the self-
esteem and relive the stress of children or adolescents.

Referring to FIG. 7F, specific examples of instructions for a fun module, and a
method of collecting output data are shown. In this case, the fun module may be
included as part of the configuration of the digital instruction generation unit 010
shown in FIG. 2.

Specifically, the instructions for the fun module are instructions that allow a patient
to use an application and have fun, may be compose of various contents such as music,
games, or videos, depending on the adolescent characteristics. Also, fun instructions in
the fun module also aim to improve the patient’s persistent participation in the digital
therapy.

Referring to FIG. 7G, specific examples of instructions for an accomplishment
module, and a method of collecting output data are shown. In this case, the accom-
plishment module may be included as part of the configuration of the digital in-
struction generation unit 010 shown in FIG. 2.

Specifically, the instructions for the accomplishment module may include in-
structions that promote secretion of dopamine through senses of accomplishment such
as the patient’s task execution and completion. Here, the task accomplishment in-
structions are instructions that allow a patient to feel a sense of accomplishment when
a given task is accomplished, and thus may include games whose tasks may be updated
over a patient’s participation duration and which may induce the patient’s voluntary
participation. For example, a specific format of the game may be composed of various
times such as learning, hidden or difference pictorial puzzles, quizzes, and the like.

In particular, some instructions realized in the form of quizzes at the accomplishment
module may be expected to have an additional effect of improving the patient’s health
information literacy and digital therapeutics literacy. Such improvement of the health
information and digital therapeutics literacy is an element essential for the patient’s
persistent participation and execution in the therapy.

As mentioned above, the digital therapy according to the present disclosure requires
not less than 10 weeks of the patient’s participation. During this period, sincerely

executing the instructions for the aforementioned modules makes it possible to form
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compliment instructions in the accomplishment module so that a patient feels a sense
of accomplishment. For the compliment instructions, the patient’s active participation
in the therapy may be fed back as a sense of accomplishment based on the reliance and
compensation between the patient and a guardian and between the patient and the
doctor.

The digital instruction shown above in FIG. 7B to FIG. 7G are given by way of il-
lustration only, and are not intended to limit the present disclosure. For example, the
digital instructions provided to the patient may be set in various manners, when
necessary.

FIG. 8 is a flowchart illustrating operations in the digital application for treating
myopia according to one embodiment of the present disclosure.

Referring to FIG. 8, the digital application for treating myopia according to one em-
bodiment of the present disclosure may first generate a digital therapeutics module for
treating myopia based on the mechanism of action in and the therapeutic hypothesis for
myopia (S810). In this case, in S810, the digital therapeutics module may be generated
based on the neurohumoral factors (for example, IGF, cortisol, dopamine, etc.) for
myopia.

Meanwhile, in S810, the digital therapeutics module may be generated based on the
inputs from the doctor. In this case, a digital therapeutics module may be generated
based on the information collected by the doctor when diagnosing a patient, and the
prescription outcomes recorded based on the information. Also, in S810, the digital
therapeutics module may be generated based on the information (for example, basal
factors, medical information, digital therapeutics literacy, etc.) received from the
patient.

Next, in S820, specified digital instructions may be generated based on the digital
therapeutics module. S820 may generate a digital therapeutics module by applying
imaginary parameters about the patient’s environments, behaviors, emotions, and
cognition to the mechanism of action in and the therapeutic hypothesis for myopia.
This digital therapeutics module is described with reference to FIG. 5, and thus de-
scription thereof will be omitted.

In this case, the digital instructions may be generated for at least one of light en-
vironment setup, eye exercise, physical exercise, ego, safety/comfort, fun, and accom-
plishment modules. Description of the execution environment setups and the specific
digital instructions for each of the modules is as described in FIGS. 7A to 7G.

Then, the digital instructions may be provided to a patient (S830). In this case, the
digital instructions may be provided in the form of digital instructions which are as-
sociated with behaviors, emotions, cognition and in which the patient’s instruction

adherence such as eye exercise/physical exercise may be monitored using a sensor, or
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provided in the form of digital instructions in which a patient is allowed to directly
input the execution outcomes.

After the patient executes the presented digital instructions, the patient’s execution
outcomes of the digital instructions may be collected (S840). In S840, the execution
outcomes of the digital instructions may be collected by monitoring the patient’s
adherence to the digital instructions as described above, or allowing the patient to input
the execution outcomes of the digital instructions.

Meanwhile, the digital application for treating myopia according to one embodiment
of the present disclosure may repeatedly execute operations several times, wherein the
operations include generating the digital instruction and collecting the patient’s
execution outcomes of the digital instructions. In this case, the generating of the digital
instruction may include generating the patient’s digital instructions for this cycle based
on the patient’s digital instructions provided in the previous cycle and the execution
outcome data on the patient’s collected digital instructions provided in the previous
cycle.

As described above, according to the digital application for treating myopia
according to one embodiment of the present disclosure, the reliability of the inhibition
of progression of and treatment of myopia may be ensured by deducing the mechanism
of action in and the therapeutic hypothesis for myopia in consideration of the neu-
rohumoral factors for myopia, presenting the digital instructions to a patient based on
the mechanism of action in and the therapeutic hypothesis for myopia, executing the
digital instructions under a suitable light stimulus environment, and collecting and
analyzing the outcomes of the digital instructions.

Although the digital apparatus and the application for treating myopia according to
one embodiment of the present disclosure have been described in terms of myopia
therapy, the present disclosure is not limited thereto. For the other diseases other than
the myopia, the digital therapy may be executed substantially in the same manner as
described above.

FIG. 9 is a flowchart illustrating a method of generating digital instructions in the
digital application for treating myopia according to one embodiment of the present
disclosure.

Referring to FIG. 9, operations of the method of generating digital instructions are as
described above in the process of generating the module for treating myopia and the
specified digital instructions based on the mechanism of action in and the therapeutic
hypothesis for myopia (S810 and S820 shown in FIG. §) and the processes shown in
FIG. 5.

In S910, first of all, the mechanism of action in and the therapeutic hypothesis for

myopia may be input. In this case, the mechanism of action in and the therapeutic hy-
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pothesis for myopia may be previously deduced through the literature search and
expert reviews on the systematic related clinical trials on myopia, as described above.

Next, neurohumoral factors for myopia may be predicted from the input mechanism
of action and therapeutic hypothesis (5S920). In this case, the neurohumoral factors for
myopia predicted in $920 may be deduced in the form of IGF, cortisol, dopamine, and
the like. These neurohumoral factors have been described in detail with reference to
FIG. 5, and thus description thereof will be omitted.

In S930, a digital therapeutics module may be generated so that the imaginary pa-
rameters may correspond to the predicted neurohumoral factors. Here, the imaginary
parameters may serve as converters that convert the neurohumoral factors for myopia
into a digital therapeutics module, and this procedure is to set the physiological inter-
relation between the neurohumoral factors and the environmental, behavioral,
emotional and cognition factors, as shown in FIG. 5.

Then, specified digital instructions may be generated based on the generated digital
therapeutics module (S940). In this case, the specific digital instructions may be
generated at the aforementioned light environment setup, eye exercise, physical
exercise, ego, safety/comfort, fun, and accomplishment modules with reference to
FIGS. 7A to 7G.

FIG. 10 is a flowchart illustrating a method of repeatedly executing the operations
under the feedback control in the digital application for treating myopia according to
one embodiment of the present disclosure.

In FIG. 10, it is explained that generation of the digital instructions and collection of
the execution outcomes at the digital application for treating myopia are executed N
times. In this case, the mechanism of action in and the therapeutic hypothesis fir
myopia may be first input (S1010). Also, the digital instructions provided in the
previous cycle, and the execution outcome data may be received (S1020). When the
first cycle of execution is now in progress, S1020 may be omitted because there are no
previous data.

Next, digital instructions for this cycle may be generated based on the input
mechanism of action and therapeutic hypothesis, the digital instruction provided in the
previous cycle, and the execution outcome data (S1030). Then, the user’s execution
outcomes of the generated digital instructions may be collected (S1040).

In S1050, it is judged whether this cycle is greater than Nth cycle. When this cycle is
less than the Nth cycle (NO), this may return again to S1020, thus repeatedly executing
51020 to S1040. On the other hand, when this cycle is greater than the Nth cycle
(YES), that is, when the generation of the digital instructions and the collection of the
execution outcomes are executed N times, a feedback operation may be terminated.

FIG. 11 is a diagram showing a hardware configuration of the digital apparatus for
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treating myopia according to one embodiment of the present disclosure.

Referring to FIG. 11, hardware 600 of the digital apparatus for treating myopia
according to one embodiment of the present disclosure may include a CPU 610, a
memory 620, an input/output I/F 630, and a communication I/F 640.

The CPU 610 may be a processor configured to execute a digital program for treating
myopia stored in the memory 620, process various data for treating digital myopia and
execute functions associated with the digital myopia therapy. That is, the CPU 610
may act to execute functions for each of the configurations shown in FIG. 2 by
executing the digital program for treating myopia stored in the memory 620.

The memory 620 may have a digital program for treating myopia stored therein.
Also, the memory 620 may include the data used for the digital myopia therapy
included in the aforementioned database 050, for example, the patient’s digital in-
structions and instruction execution outcomes, the patient’s medical information, and
the like.

A plurality of such memories 620 may be provided, when necessary. The memory
620 may be a volatile memory or a non-volatile memory. When the memory 620 is a
volatile memory, RAM, DRAM, SRAM, and the like may be used as the memory 620.
When the memory 620 is a non-volatile memory, ROM, PROM, EAROM, EPROM,
EEPROM, a flash memory, and the like may be used as the memory 620. Examples of
the memories 620 as listed above are given by way of illustration only, and are not
intended to limit the present disclosure.

The input/output I/F 630 may provide an interface in which input apparatuses (not
shown) such as a keyboard, a mouse, a touch panel, and the like, and output ap-
paratuses such as a display (not shown), and the like may transmit and receive data
(e.g., wirelessly or by hardline) to the CPU 610.

The communication I/F 640 is configured to transmit and receive various types of
data to/from a server, and may be one of various apparatuses capable of supporting
wire or wireless communication. For example, the types of data on the aforementioned
digital behavior-based therapy may be received from a separately available external
server through the communication I/F 640.

As described above, the computer program according to one embodiment of the
present disclosure may be recorded in the memory 620 and processed at the CPU 610,
for example, so that the computer program may be realized as a module configured to
execute each of functional blocks shown in FIG. 2.

According to the digital apparatus and the application for treating axial myopia
according to the present disclosure, a reliable digital apparatus and application capable
of inhibiting progression of and treating myopia may be provided by deducing a

mechanism of action in myopia and a therapeutic hypothesis and a digital therapeutic
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hypothesis for myopia in consideration of neurohumoral factors for progression of
axial myopia, presenting digital instructions to a patient under suitable light stimulus
environment setups based on the mechanism of action, the therapeutic hypothesis, and
the digital therapeutic hypothesis, and collecting and analyzing execution outcomes of
the digital instructions.

While the disclosure has been shown and described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

spirit and scope of the disclosure as defined by the appended claims.



