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“APPARATUS AND METHODOLOGIES FOR PERSONAL HEALTH
ANALYSIS”

CROSS-REFERENCE TO RELATED APPLICATIONS

This Application claims the benefit of US provisional application 62/324,746,
filed April 19, 2016, the entirety of which is incorporated herein by reference.

TECHNICAL FIELD

Apparatus and methodologies are provided for receiving and analyzing
physical, behavioral, emotional, social, demographic and/or environmental
information about an individual or a group to generate subscores indicative of the
information, and utilizing the subscores to estimate or predict the overall wellness of
the individual or group. More specifically, the present application relates to the use of
physical, behavioral and environmental information about an individual or a group, at
least some of the information being obtained and adapted from wearable devices, to

measure, monitor and manage the individual’s or group’s health.

BACKGROUND

Methods and systems for monitoring the health of individuals are known and
can be used by individuals and health care providers to manage disease, improve
healthcare quality, reduce health-care costs, and to optimize the delivery of healthcare
services. For instance, by individualizing information about clients, health care
providers can offer customized care, proactively improve health, and perhaps even
enable individuals to take control of their own healthcare. Employers may also have
effective tools for managing and preventing the onset of computer and sedentary
work-related fatigue, stress and illness, reducing absenteeism, short and long-term
disability costs. Further, the recent access to, and popularity of, wearable health-
tracking devices, having improved sensors for obtaining health-related biometric

information, provide the opportunity to significantly increase the efficacy and ease of
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individualized healthcare systems and the interaction between an individual and the
healthcare provider.

Current methods of monitoring health are limited to obtaining or measuring an
individual’s health information, such as heart rate, average steps taken per day, family
history of disease, etc. However, such methods merely provide raw information which
must be further processed or manipulated in order to arrive at meaningful conclusions
regarding the individual’s health and disease risk.

Moreover, although mobile devices (e.g. wearable devices) have enabled
individuals to measure and obtain information regarding their personal health easily
and on demand, the devices themselves are limited to presenting relatively simple
information such as steps taken, minutes of physical activity in a given time frame,
heart rate, etc. without more sophisticated information such as the client’s disease risk
or healthiness.

As such, current methods of obtaining and analyzing data regarding only the
individual’s personal health information and biometrics provides a limited view into
the actual health and disease risk of the individual.

There is a need for improved methodologies of obtaining, measuring, and
monitoring an individual’s biometric and health information, and for accurately
processing such information into valuable indicators of the individual’s wellness,
disease risk predictors, and other actionable information. Additionally, there is a need
for improved methodologies of providing such wellness and disease risk indicators in
comparison to health data from the general population to provide a contextualized
assessment of an individual’s health. It is desirable that such a system be operable
without requiring the identification of pre-determined conditions or pre-identified risk
factors. Further, there is a need for improved methodologies of providing such
wellness indicators, disease predictors, and actionable information to clients on

demand on a variety of devices.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a diagram of the present system according to embodiments
herein;

Figure 2 is an illustrative flowchart further demonstrating the present system
according to embodiments herein;

Figure 3 provides an example of overall wellness information (e.g. a VivaMe
Score) generated by the present computer-implemented systems, as such information
may be displayed to a user;

Figure 4A illustrates exemplary options available to a user where a Health
Subscore or VivaMe score is found to be within a healthy, or optimal range, according
to embodiments herein;

Figure 4B illustrates exemplary options available to a user where, according to
some embodiments, it is desirable to set a target overall wellness score, and possible
behavioral modifications that could be made in an attempt of achieving the target;

Figure 5 shows an example plot of values estimating where a user’s average
daily steps ranks among the average daily steps of a corresponding general
population;

Figure 6 shows an example plot of values estimating where a user’s Step
Subscore (Sstp) ranks according to the general population, the Step Subscore relating
to the value of the steps contributor indicator, which determines whether the Steps
Subscore may or may not be used to determine the user’s overall wellness score;

Figures 7A, 7B, and 7C each show an example plots of curve functions
relating to a user’s time spent sleeping and their sleep score where users are less than
or 65 years of age (FIG. 7A), a user’s time spent sleeping and their sleep score where
users are over 65 (FIG. 7B), and the user’s BMI (FIG. 7C);

Figure 8 provides a Table summarizing some factors relative to the Smoking
Health Subscore, according to embodiments herein;

Figure 9 provides a Table summarizing exemplary distribution data relating to
smokers in the general population, according to embodiments herein;

Figure 10 provides a Table summarizing some factors relative to the Drinking

(Alcohol) Health Subscore, according to embodiments herein;
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Figure 11 provides a Table summarizing exemplary distribution data relating
to estimated VO2 max of a general population of age groups and genders, according
to embodiments herein;

Figure 12 provides a Table summarizing exemplary distribution data relating
to resting heart rate in a general population, according to embodiments herein;

Figure 13 provides a Table summarizing exemplary distribution data relating
to predicted VO2 max of a general population, according to embodiments herein;

Figure 14 provides a Table summarizing some example estimated parameters
relating to the VO2 Max, according to embodiments herein;

Figure 15 provides a Table summarizing some example incoming wellness
information used to generate Disease Risk Subscores (Cardiovascular Disease),
according to embodiments herein;

Figure 16 shows an example pattern of the curve function to be applied to the
average risk of cardiovascular diseases to obtain a cardiovascular disease Health
Subscore according to embodiments herein;

Figure 17 provides a Table summarizing some example incoming wellness
information used to generate Disease Risk Subscores (Diabetes), according to
embodiments herein;

Figure 18 shows an example pattern of the curve function to be applied to the
average risk of diabetes disease to obtain a diabetes Health Subscore according to
embodiments herein;

Figure 19 provides a Table summarizing some example incoming wellness
information used to generate Stress Subscores, according to embodiments herein;

Figure 20 provides a Table summarizing some example incoming wellness
information used to generate Happiness Level Subscores, according to embodiments
herein;

Figure 21 provides a Table summarizing some example happiness levels of the
general population given various values of average daily steps, average daily MV, and
BMI:

Figure 22 provides a Table summarizing some example general population
information regarding life expectancy, according to embodiments herein;

Figure 23 provides a Table summarizing some example general population

information regarding mortality rates, according to embodiments herein; and
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Figure 24 provides a Table summarizing some example general population

information relating to the probabilities of dying for various age ranges.

SUMMARY

Apparatus and methodologies for estimating or predicting the overall wellness
of an individual or group of individuals is provided, providing customizable and
personalized risk assessments of various health-related conditions, including the costs
and/or financial impacts of the various health-related conditions. The present system
may be adapted to receive incoming wellness information from a variety of sources,
such information including, without limitation, physical, behavioural, social,
demographic, and environmental information. The system may be automated and may
be operative to analyze the incoming wellness information, and to benchmark the
information against data representative of a corresponding distribution of the general
population, to generate output information representing the individual or group of
individual’s wellness information.

In some embodiments, computer-implemented methods for determining
wellness in an individual or group of individuals is provided, the method comprising
providing a processor, in electronic communication with at least one or more device
adapted to receive and transmit specific incoming wellness information about the
individual or group of individuals, providing a general population information
database, in electronic communication with the processor, for receiving and
transmitting general population information to the processor, and receiving, at the
processor, the specific incoming wellness information and the general population
information, and processing same to generate at least one digital biomarker subscore
(e.g. “Health Subscore(s)”) indicative of the individual’s wellness according to the
specific wellness information, as compared against the general population
information, and generating at least one output (e.g. graphical representation) of the at
least one digital subscore and transmitting the output to the at least one or more
devices. Preferably, some or all of the information may be sourced and adapted from
at least one wearable device.

In some embodiments, the incoming wellness information may comprise

various types of information including, but not limited to, physical, behavioral,
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emotional, social, demographic and/or environmental information about the individual
or group of individuals. The specific incoming wellness information may comprise
information selected from age, gender, height and weight, waist circumference,
physical activity, minutes of moderate/vigorous activity, sleep patterns, smoking
habits, drug and alcohol consumption, nutrition, family history, pain, stress and
happiness levels, resting heart rate, exercise heart rate, heart rate variability, presence
of pre-existing disease, job type, geo-location, EEG, voice data, breathing data, blood
biometrics, body composition (DXA), and aerobic fitness (VO2max).

Preferably, in some embodiments, the digital biomarkers generated herein may
be indicative of, at least, health behaviors, chronic disease risk, mental health, or
mortality. The health behaviors may comprise information about, at least, steps taken
per day, moderate to vigorous activity levels, sleep patterns, body mass index, waist
circumference, smoking habits, drinking habits, nutritional habits, and aerobic fitness.
Disease risk may comprise information about, at least, cardiovascular disease,
diabetes, arthritis, lung disease, and pain. The mental health may comprise
information about, at least, stress levels, happiness levels, depression, and model-
based happiness. The mortality subscore may comprise information about, at least,
mortality rates associated with one or more of the health behaviors, disease risk,
and/or mental health subscores such as, at least, age, risk of cardiovascular disease,
and risk of diabetes. In some embodiments, the digital biomarker subscores may be
generated in an interactive manner, wherein the individual or group of individuals
may predict or estimate how various changes to the biomarker subscores changes their
overall wellness (e.g. “What If” Tool). In some other embodiments, the digital
biomarker subscores may be generated in an interactive manner, wherein the
individual or group of individuals may observe the digital biomarker subscores of
other individuals or groups of individuals for interaction therewith (e.g. “People Like
Me” Tool).

In some embodiments, the present computer-implemented methods may
further comprise processing at least one or more of the digital biomarker subscores
against further general population information to generate an overall wellness score
(e.g. “VivaMe Score™) for the individual or group of individuals. Preferably, the
present systems are operative to simultaneously and continuously generate both

digital biomarker subscores and overall wellness scores, and to update each according
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to feedback and machine learning systems, such updating further incorporating
information from the general population database and updating said database.

In some embodiments, a computer-implemented system for determining the
wellness of an individual is provided, the system comprising at least one device
adapted to receive and transmit incoming wellness information about the individual,
at least one general population database, operative to receive and transmit incoming
wellness information from the at least one device an at least one processor, and at
least one processor, in electronic communication with the at least one device and the
general population database, the processor operative to receive the incoming wellness
information from the at least one device and the general population information from
the database, and to process the information to generate at least one digital biomarker
subscore indicative of the individual’s wellness according to the specific incoming
wellness information as compared against the general population information, and to
generate at least one output indicative of the at least one digital biomarker subscore
and transmitting the output to the at least one device.

In some embodiments, the incoming wellness information and the general
population information are transmitted via wired or wireless signaling. The incoming
wellness information may be received and transmitted by the at least one device
automatically, manually, or a combination thereof The incoming wellness
information may be received and transmitted by the at least one device intermittently,
continuously, or a combination thereof. In some embodiments, the at least one device
may comprise, at least, any device having a user interface, cloud computing, or
application program interfaces. Preferably, the at least one device may comprise one

or more wearable devices.

DESCRIPTION OF THE EMBODIMENTS

Apparatus and methodologies for estimating or predicting the overall wellness
of an individual or a group of individuals is provided, providing customizable and
personalized risk assessments of various health-related conditions. Various types of
wellness information about the individual or group may be sourced including, without
limitation, physical, behavioral, social, demographic, and environmental information,

whereby the information is standardized and benchmarked against data representative
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of relevant distribution of the general population. Some or all of the information may
be sourced from at least one device operative to collect and transmit the wellness
information such as, for example, mobile devices and/or wearable devices.

As will be described in more detail, the present computer-implemented
systems may collect and analyze wellness information about the user(s) to determine
the user’s wellness according to specific health-related metrics (e.g. “Health
Subscores™), as such specific metrics compare to the general population, and then
utilizes some or all of the specific metrics to determine the user’s overall wellness
(e.g. “VivaMe Score”). As such, the present system may simultaneously generate both
at least one specific Health Subscore as well as an overall wellness VivaMe score,
each being automatically and continuously compared to similar information about a
corresponding distribution of the general population. Once generated, each Health
Subscore(s) and VivaMe Score may be processed into at least one form of output
information displayed to the user at their at least one device(s), the output information
being, for example, a graphical representation indicative of the Health Subscore(s)
and VivaMe Scores, respectively.

As will also be described in more detail, in some embodiments, the present
computer-implemented systems may further provide an interactive goal-setting “What
If” tool, operative to generate predictive information about how an individual may
impact their own wellness. In some other embodiments, the present systems may
further be operative to enable users to view the overall wellness information of other
users, and to communicate and interact with such users, pursuant to a “People Like
Me” tool. The present apparatus and methodologies will now be described in more
detail having regard to the Figures, Tables, and Examples provided.

Herein, the terms “individual”, “group”, “user” or “client” may be used
interchangeably to describe at least one end-user of the present systems, and may be
used to refer to those whose overall wellness is being assessed. The present apparatus
and methodologies may be utilized by an individual or by a group of individuals. The
users need not suffer from any pre-determined or pre-existing condition, nor be
categorized into any pre-identified risk factor group. Indeed, such individuals may be
healthy individuals desiring to maintain or increase their overall wellness. The users
may also be individuals or groups that have been diagnosed with one or more pre-

existing health conditions/health-related factors. It should further be understood that
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the present systems may be utilized on individuals or groups of individuals of any
age, including, for example, children, adolescents, adults, and senior citizens.

The term “wellness information™ may be used to collectively refer to various
forms of information about an individual or group of individuals that can be collected
from a variety of sources and analyzed, as described in more detail herein. Without
limitation, wellness information may include, at least, physical, behavioral, emotional,
social, demographic, environmental information, or any combination thereof, about
the individual or the group. It is contemplated that at least some of the wellness
information may be obtained, directly or indirectly, from one or more wearable
devices.

The term “Health Subscore” may be used to describe, in part, the user’s
wellness according to specific health-related metrics, as compared to a corresponding
cohort of the general population. Health Subscore(s), also referred to herein as digital
biomarker score(s), may be generated by the present system utilizing some or all of
incoming wellness information collected including, without limitation, individualized
information about, at least, the individual’s age, gender, height and weight (BMI),
waist circumference, physical activity, sleep patterns, smoking habits, drug and
alcohol consumption, nutrition, family history, pain, stress and happiness levels,
resting heart rate, exercise heart rate, heart rate variability, presence of pre-existing
disease, job type, geo-location, electroencephalogram (EEG), voice data, breathing
data, blood biometrics, body composition (DXA), aerobic fitness (VO2max) and other
variables defined by the individual or health care provider, etc. As will be described,
the individualized information may be standardized and compared to a distribution of
general population information corresponding to the user. The generated Health
Subscores may be divided into three broad categories, namely, health behaviors,
disease risk, and mental health, and presented to the users in a manner representative
of their wellness in specific health-related categories (e.g. numerical value). As will
be described, one or more of the generated Health Scores may be used to further
process the user’s overall wellness (e.g. “VivaMe Scores™).

The terms “overall wellness”, “overall health”, “VivaMe Score” may be used
interchangeably to describe, at least, the user’s overall wellness, as compared to a
corresponding cohort of the general population. VivaMe Scores may be generated by

the present system utilizing some or all of the generated Health Subscores(s) to
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10

determine, at least, the user’s physical or mental health or wellbeing, overall risk of
physical or mental disease, and/or mortality. By way of example, the present VivaMe
Scores may provide information (prediction or estimations) about, without limitation,
risk of heart disease (e.g. congestive heart failure, heart attack, coronary heart disease,
angina), Diabetes (e.g. adult onset, Type 2), arthritis or osteoarthritis (inflamed
joints), lung disease (including asthma, chronic bronchitis, emphysema), bodily pain
(e.g. lower back pain) and mortality, overall mental wellbeing (e.g. risk of depression,
overall happiness), VO2max and aerobic fitness levels. As will be described, the
generated Health Subscores may be processed and compared to a distribution of
general population information corresponding to the user (e.g. age, gender, etc). For
example, as will be described, overall VivaMe or VivaHealth Scores, denoted as S,
may be generated from the weighted average of one or more of the at least one Health
Subscore(s). Once generated, the one or more VivaMe Scores may be presented to the
users in a manner representative of their overall wellness (e.g. graphical
representation, numerical value, or other appropriate indication).

Herein the term “general population information™ or “general distribution
data” may refer to general population information obtained from a database of
corresponding information about the general population, such information serving as
a standardized baseline for comparative purposes. General population information
varies depending upon the individual or group utilizing the present systems, and/or
the specific health subscore or overall wellness score being generated for the
individual or group.

Herein the term “devices” may generally be used to refer any appropriate
devices, processors, or network paradigms operative to collect, transmit and/or
receive information such as, in this case, wellness information, and to customizably
(and interactively) display the system-generated wellness results back to the user. By
way of example, “devices” may be any appropriate technologies known in the art
including, without limitation, devices operative to transmit or receive information via
wired or wireless signaling, via a plurality of user interfaces (e.g. desktop computers,
notebook computers, laptop computers, mobile devices such as cellphones and
tablets), via cloud computing, via application program interfaces (“API”), or via

33

wearable devices, or the like. Herein the term “wearable devices”™ may refer to

wearable technology, commonly referred to “wearables”, including electronic
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technologies or computers that can be incorporated into items of clothing or
accessories that can comfortably be worn on the body (e.g. heart rate monitors, smart
watches, Fitbits™, Garmins™, API, medical devices, etc.). It should be understood
that wearables are operative to perform many of the same computing tasks as mobile
phones, laptops or other portable electronic devices (e.g. sensory and scanning
features, such as biofeedback and tracking of physiological function). It should also
be understood that the present wearable devices further comprise some form of data-
input capability, data-storage capability, and data communication capability, operative
to transmit information in real time. Wearables may include, without limitation,
watches, glasses, contact lenses, e-fabrics, smart fabrics, headbands, head gear
(scarves, caps, beanies), jewelry, etc.

As above, the present apparatus and methodologies will now be described in
more detail having regard to the Figures, Tables, and Examples provided.

Generally, having regard to FIG. 1, the present computer-implemented system
10 can be used to collect wellness information about an individual or group to
determine, predict or estimate wellness. According to embodiments herein, the
wellness information may include, at least, one form of physical, behavioral,
emotional, social, demographic, and/or environmental information about the
individual or group. Incoming wellness information may be collected and received by
the system automatically, manually (i.e. such as input by the individual or a health
care provider), or a combination thereof. Incoming wellness information may be
collected and received intermittently, continuously, or a combination thereof.
Incoming wellness information may be received passively or actively, and may be
collected over short or long durations of time (e.g., over a 7-day period or longer).

As shown, the present system 10 may collect the wellness information from at
least one device 12a,12b,... 12n, the devices being programmed to automatically
and/manually measure and receive wellness information, and to transmit the incoming
information to the present system for processing. Such transmission may be via any
appropriate means known it the art including, without limitation, via wired or wireless
signaling, or via a plurality of user interfaces including, without limitation, desktop
computers, notebook computers, laptop computers, mobile devices such as
cellphones and tablets, or wearable devices such as heart rate monitors, smart

watches, Fitbits™, Garmins™, medical devices, API, etc. In some embodiments, the
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12

one or more devices 12n may comprise wearables having at least one sensor operative
to measure and record wellness information about the user(s). Wellness information
may be collected using software programs through any appropriate means including,
without limitation, apps for Android™ and 10S™, executable files for Windows™ or
OSX™, or through an internet webpage, etc.

By way of example, incoming wellness information may include information
relating to general health-related conditions or metrics such as, without limitation,
age, gender, height and weight (Body Mass Index; i.e., height/cm and weight/kg),
waist circumference, physical activity (e.g., daily or average step-count, bouts of
activity in various intensity ranges, changes in activity patterns over time, types of
activity, frequency of activity, sitting time, standing time, sedentary time etc), minutes
of moderate/vigorous activity, sleep patterns (total sleep time, time spent in each sleep
stage, number of sleep interruptions), smoking habits, drug and alcohol consumption
(e.g., frequency/quantity), general nutrition, family history, pain, stress and happiness
levels, resting heart rate, exercise heart rate, heart rate variability, presence of pre-
existing disease, job type, geo-location, EEG, voice data, breathing data, blood
biometrics, body composition (DXA), aerobic fitness (VO2max) and other variables
defined by the individual or health care provider, etc.

Incoming wellness information may be transmitted from the devices 12x via a
network 100, such as the Internet, to at least one server (or processor) 110 for
processing. Servers 110, in electronic communication with devices 12n are operative
to collect, analyze and store the incoming wellness information. Servers 110, in
further electronic communication with at least one general information database 120,
may further be operative to collect, analyze and store general population information
from the general information database 120. As above, Servers 110 may be
programmed to receive wellness information and general population information, and
to process the information using a suite of algorithms to simultaneously generate at
least one Health Subscore and VivaMe score(s). Once generated, each of the Health
Subscores and VivaMe scores may be transmitted back to the user at their at least one
device 12n.

More specifically, having regard to FIG. 2, an exemplary flowchart of the
present system is provided. As described, wellness information may be collected from

least one or more devices adapted to measure and transmit wellness information about
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13

an individual or a group of individuals. Wellness information may be transmitted
from the at least one device(s) (Step 201), and/or by the user(s) (Step 202). Some or
all of the wellness information may be received from the devices and/or individuals
manually, and/or some or all of the wellness information may be received
automatically as, for example, according to a schedule (e.g. continuously, or
intermittently over a predetermined segments of time; Step 203).

Incoming wellness information may be transmitted to the present one or more
servers via a network (Step 204), the servers being operative to receive and store the
information (Step 205) for processing. The one or more servers also being operative
collect, analyze, and store health data about the general population from a general
population database (Step 206). The database may, in turn, be operative to collect,
analyze, and store health data regarding the general population from the network, such
as the Internet (Step 207). As above, the present server may be programmed to update
the wellness information using the general population information, and vice versa, so
as to maintain continuously updated wellness information and database of general
population information used to generate the present wellness scores. Once the
wellness information and the general population information is received, the servers
may process the information (as described in more detail below) using a suite of of
algorithms to simultaneously generate at least one Health Subscore and VivaMe
score(s) (Step 208). Each of the Health Subscores and VivaMe Scores may be
calculated continuously, periodically, or upon receipt of a request, from time to time,
by the user(s) (Step 209). Once calculated, the generated Health Subscores and
VivaMe scores can then be transmitted via the network back to the user(s) (Step 210)
such as, for example, to the users’ at least one device 12n. Each generated Health
Subscore and VivaMe score may be converted into at least one form of output
information such as, a graphical representation indicative of the Health Subscore and
VivaMe Score, respectively, for display on the one or more device(s) (Step 211). The
network used to transmit the Health Subscore and VivaMe Score to the user can be
the same network used to send the wellness information and general health
information to the present systems, or a different network. Wellness information
collected and analyzed by the present system may be deleted or stored on the server

and/or one or more device(s).
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In some embodiments, the present systems receive, at the server or processor,
wellness information about the individual user or group user, and general population
information, and process the information to general at least one digital biomarker
subscore indicative of the user’s specific wellness information (e.g. “Health
Subscore™). The at least one Health Subscore being generated may depend the
information being requested, and upon the demographic, biometric and behavioral
information being used. The at least one digital biomarker subscores may be
generated in a manner that can be interpreted by the user as being high, low, or within
a healthy range, as compared to corresponding wellness information about a
predetermined cohort of the general population. In some embodiments, digital
biomarker subscores may be generated in a manner that suggests the individual or
group of individuals could take certain actions to modify their behavior (e.g.
increasing daily steps or reducing their alcohol/cigarette consumption), improving
their subscores.

Having regard to FIG. 3, the present computer-implemented systems may, at
the server or processor, further process one or more of the at least one Health
Subscores to generate an overall wellness score, or “VivaMe Score”, as compared to
further corresponding wellness information about the predetermined cohort of the
general population. The VivaMe Score being generated may depend the information
being requested, and upon the at least one Health Subscore being used. As above, the
VivaMe Score may be automatically generated and/or manually requested, from time
to time, by the user. The VivaMe Score may be generated in a manner that can be
interpreted by the user as being high, low, or within a healthy range, as compared to
corresponding wellness information about a predetermined cohort of the general
population. It should be understood that the general population information collected
and analyzed to determine the one or more digital biomarker scores may or may not
be the same general population information collected and analyzed to determine the
overall wellness VivaMe Score.

It is an advantage of the present system that, according to embodiments herein,
general population information has been collected and processed, and is accessible for
analysis purposes. General information data may be automatically and continuously
updated. In some embodiments, general population data can be obtained from a

variety of resources including, without limitation, from publicly or privately available
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databases, international, national, or regional reports on health statistics, etc. (e.g.
National Youth Fitness Survey Treadmill Examination Manual). In some
embodiments, general population data regarding the population of the client’s current
country of residence is used. Alternatively, population data of other countries or a
combination of countries can be used.

Such general population data may be stored on a server, data cloud, or other
centralized location, in a manner that enables multiple end-users of the present system
to access the general population information. The present system thus avoids need to
store general information data locally on the end-user’s device. The present system
further conveniently provides a feedback component where the general population
information database 120 may be continuously and dynamically updated with
wellness information collected from the end-users and their devices. Various methods
of data storage and access can be used to create, update, and maintain the database of
general population health information, such as SQL, JPQL, Microsoft Excel™, and
the like. According to embodiments herein, the general population data (i.e.
population distribution information) accessed by the present processor may be
organized, manipulated, and updated in any appropriate manner known in the art
without departing from the scope of the present invention. The general population
database may be automatically (continuously or intermittently) updated as new
population data becomes available. Preferably, individual or group Health Subscores
and/or VivaMe Scores can be fed back to the database, thereby periodically or
continuously updating the general population with individual’s or group of
individual’s data.

Having regard to FIGS. 4A and 4B, it is an advantage that the present system
may simultaneously generate both a specific Health Subscore and an overall wellness
VivaMe Score, each being generated by standardizing the information and comparing
the information to similar information about a corresponding distribution of the
general population. It is a further advantage that, once generated, each of the Health
Subscore(s) and VivaMe Scores may be processed into at least one form of output
information displayed to the user, the output information being, for example, a
graphical representation indicative of the Health Subscore and VivaMe Score,
respectively. In some embodiments, the resulting output information may be

attributed to an individual or group of individual’s user’s login ID, where applicable
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and available. Preferably, the present system enables users to create a user-specific
profile linked to information that can be stored on the one or more devices (e.g. the
user’s personal devices and/or a server). The information contained in the client
profile can comprise, for example, a unique login ID for the client, a password, the
client’s age, gender, occupation, weight, height, family disease history, diagnosis of
various diseases, average daily steps, average daily activity (moderate to vigorous,
“MV?), and previously calculated subscores and overall wellness scores, if available.
As such, the client’s average daily steps, average daily MV activity, and other
biometric data linked to the profile can periodically be updated automatically
continuously or periodically by the wearable or mobile device, and/or manually
updated by the client. A copy of the calculated scores, along with a date stamp, can be
stored on the server and/or the one or more devices, and linked to the client’s login
ID, such that the client can view the subscore, and the date it was calculated, at a later
time.

Accordingly, the user, their employer, insurance company, or health-care
provider may obtain simple, personalized information about the user’s wellness, and
where the user ranks according the general population. The information may be used
to motivate the user to improve their overall wellness, or to enable the user or health
care provider to customize the health or wellness plan for the user (FIG. 4A). Indeed,
in some embodiments, the present system is operative to provide an interactive goal-
setting “What If” Tool (see FIG. 4B), operative to estimate or predict how changes in
behavior, personal characteristics, or specific subscores could impact their overall
health, personal risk of disease, mortality, etc. Where it is desirable to change one or
more individual Health Subscores (e.g. increasing daily steps or daily activity), a
corresponding positive change in the overall VivaMe Scores may also be achieved.
Accordingly, users or their health-care providers may experiment, set personal goals,
or pose questions about how varying combinations of health behavior changes or
changes in personal health subscores could impact their overall wellness score. For
example, a user could determine whether increasing their steps per day by 500 has
more impact on the risk for diabetes than losing 5 1bs, or whether a combination of the
two changes has the greatest overall positive impact. In other embodiments, the
present system is operative to provide interactive communication to other users via,

for example, a “People Like Me” Tool, enabling users similar in age, gender, job type,
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health condition, etc. to share their results and goals. The present system, therefore,
may be utilized by an individual or a group of individuals to obtain optimized,
accurate results about their overall health and wellbeing. In some embodiments,
user(s) can also change incoming wellness information to determine how their overall
scores may be affected. In such a manner, the present system may provide
customizable, on-demand, actionable health information to user(s).

The present systems may further be utilized to estimate or predict the costs of
various diseases and savings that could be associated with various behavioral changes
or changes in personal characteristics, such as increased physical activity or decreases
in weight, providing the advantage that the costs or financial implications of an
individual’s or group’s overall wellness can be estimated or predicted, and improved.
For example, the present system may be used by third parties other than the individual
user, such as an employer evaluating a group of employees, a health-care provider, or
an insurance provider or actuary evaluating optimal insurance coverage, enabling the
identification and prevention of risk factors or health-related concerns (e.g.
underwriting insurance programs) of an individual or within an entire group. For
example, the present systems may be utilized to determine health risks, mortality, etc.
and to more effectively assign or alter insurance programs or premiums, or to reward
individuals based upon the generated Health Subscores and/or VivaMe Scores. The
present system may further be used to evaluate the outcomes of health and/or wellness
programs, enabling the creation and optimization of health-related programs and
products, insurance programs and products, and wellness support programs and
products. The present system may be operative to identify and address issues such as
sedentary workers, absenteeism, and risk of short- and long-term disability (e.g.,
including mental health claims and inability to cope with increased productivity
demands). It is contemplated that the present system may be used alone or in
combination with other known social engagement services. Without limitation, the
present apparatus and methodologies provide repeatable and valid output information
to the user, using personalized feedback to enable practical goal setting, and
interactive wellness planning based upon health and/or financially-driven goals.

As such, without limitation, the present computer-implemented system may be
programmed to utilize various modeling techniques (e.g., Prediction, Estimation, etc.).

In one embodiment, a Prediction Model may be used where the user provides self-
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reported demographic information, without taking into account personalized heart rate
data. Such a method may be practical for large populations, or cases where heart rate
is not monitored. In other embodiments, an Estimation Model (resting heart rate) may
be used where both demographic and heart rate information are provided. Resting
heart rate may be self-reported or measured by the at least one device. Such a
VO2max estimate could be passively calculated using heart rate data collected from at
least one device. In yet another embodiment, an Estimation Model (heart rate and
perceived exertion) may be used to take into account heart rate and an accompanying
rating of perceived exertion from the user. In this case, the user could indicate the rate
of perceived exertion when prompted during exercise, or following a workout. Such a
model may only require one pair of heart rate and exertion to be accurate, but could
increase in accuracy with the addition or incorporation of more data. In yet another
embodiment, an Estimation Model (treadmill test) may be used to take into account
heart rate recorded during a simply two-stage treadmill test, the test being customized
for each user. In this case, the user may be prompted with instructions for the test, and
heart rate during the test is used to calculate VO2max.

As stated above, Health Subscores and an overall VivaMe health scores for
individuals or groups are generated using a suite of algorithms. The inputs, functions,
and outputs of the algorithms vary depending on the wellness category for which the
subscore or overall wellness score is being generated. Below are Examples of the
algorithms used, although it would be understood that the algorithms described below
are for exemplary purposes only, and modifications can be made thereto to refine

and/optimize the present systems.

HEALTH SUBSCORES

By way example, specific wellness information, along with general population
information, can be processed to generate at least one digital biomarker subscore
indicative of the specific wellness information. Herein, specific wellness information,
or Health Subscores, can be divided into three categories: Health Behaviors, Disease

Risk, and Mental Health (VivaMind subscores).
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Health Behaviors

Health Behavior scores may be calculated utilizing the client’s demographic
information, biometric data, and data regarding a client’s health behaviors, as well as
similar data of the general population or segments thereof to which the client’s data is

compared.

Steps

By way of example, a steps subscore S, may be generated to indicate the
individual or group’s wellness with respect to the average number of steps taken per
day, based on how the individual or group ranks compared with the general
population information. Input information for generating the steps subscore may
comprise age (Clientage), gender (ClientGender), brand of fitness device (Device, if
applicable), average number of steps taken per day (StepDaily), the amount of daily
steps the client wishes to increase (IncrSteps), and a steps contribution indicator
(D594), which is a yes/no value that determines whether the steps subscore
contributes to the calculation of the client’s overall wellness score.

Age may be determined by the age of the client, or average age of the group.
Gender may be selectable between unknown, male, and female. The brand of fitness
device is the brand of the device used by the client to track his/her steps and may be
selectable as between, for example, Garmin™, Fitbit™, Misfit™, Actigraph™,
Actical™, or others. The brand of fitness device can be used to select an adjustment
factor (Adjust) to apply to the client’s average daily step count in order to account for
discrepancies between the measured steps across the various possible devices used by
the users. The daily average steps taken per day is the number of steps taken by the
client over several days, averaged across the number of days measured. Alternatively,
the client can input a subjective number for daily steps to be used by the algorithm.
Distribution data of average daily steps taken by the general population is provided to
serve as a standardized baseline. The steps distribution data can be grouped into age
brackets 20-29, 30-39, 40-49, 50-59, 60-69, and 70+. For each age bracket and each
value of gender (unknown, male, or female), 9 levels of deciles can be created (10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, and 90%). A curve function to be applied to
the ranking among the general population to calculate the Steps subscore, in this

embodiment a piecewise linear function, can be made by connecting a sequence of 2-
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D points: (0,0), (16,25), (31,50), (50,62), (69,74), (84.86), (100,100). First, the
average daily step count “ClientStepAvgActi” is calculated as follows:
ClientStepAvgActi = StepDaily + IncrSteps + Adjust
where “StepDaily” is the average daily steps measured by the client’s fitness device
or reported by the client, “IncrSteps™ is the number of steps the client wishes to
increase his/her daily steps by, and “Adjust” is the adjustment factor to account for
the brand of the client’s fitness device. While the adjustment factor is added to the
steps in this calculation, the method of adjustment can be changed as desired, for
example by multiplying StepDaily by a weighting factor instead of addition, or not
used at all.

The Steps Rank is then estimated based on the client’s average daily steps
ClientStepAvgActi and the general population distribution data. The appropriate
distribution data set is selected based on the client’s age and gender. Where the
distribution data is only divided into 9 levels of deciles (for each age/gender bracket),
an additional two levels can be created. For 0%, the quartile is simply set to zero, as
no one can have a negative step count. The 100% quartile can be created by extending
the 90% quartile by the average step difference between the successive deciles in the
distribution data.

Presuming that the distribution of steps between the deciles is as follows:

Cumulative percent | O 10 120 (30 [40 |50 |60 [70 |80 |90 |100
(%)

Steps quartile So Y, ) 83 S4 S5 S6 S7 S8 S9 Sio

where s4...5;9 are the average daily steps of each quartile, s; = 0, and 519 = 59 +
Y8 (si41 — 5;)/8. The rank of the client among the population StepsRank can then

be estimated using the following formula:
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rg+ L0 (CIjentsi‘_elp_ﬁ‘:fkti_'ﬁ" il 5, < ClientStepAvghctl < s
T | (Cljentsﬁff_ﬁfﬁcm_'&" il s; < ClientStepAvghcti < s
1 - (Cljents'ff_ﬁ‘:f"“i_""-’ il s, < ClientStepAvghcti < =4

vy 4+ 1~ (Clj“ts'zflp_“:fﬁ‘c’”_"”‘ il 55 < ClientStepAvghcti < sy
T (% (Chéntsip_ﬁ:’?ﬁcm_ﬁ' il 5y < ClientStepAvghcti < sx
StepsRank = 1 - (Clje“ts'fz?_“:rg"c':i_""’ il 55 < ClientStepAvgActi < s
ro + L0 o (Clje“ts':lf_p_“:f"c':i_'“’" il s, < ClientStepAvghcti < s-
1 - (CIjentsi'ip_ﬁ‘:_gﬁ‘“i_'“" il s < ClientStepAvghcti < =,

rs 4+ 10~ (C1jents'f:f’_ﬁ‘:fﬁ‘“i_'*" i 5, < ClientStepAvghcti < sy
ro 4+ 1~ (Clje“tsf_ffl"_“;i"“i_ﬁ“ il 5, < ClientStepAvgicti < s,

r il = 8.

where 1o, 11, T2, ... , Typ are 0, 10, 20, ..., 100, respectively. The formula can be plotted
on as shown in FIG. 5. For convenience, a notation for the piecewise linear function,
fo(. ;) is used, with RS = {(so.10), (s1.11), (S2.12), ..., (s10.110)}. Then StepsRank above

can be written as:

f{ClientStepdvgheti: 5] i ClientStephvglctl < sy

StepsRank = { 100 ClientStephvghctl = sy

In general, suppose A = {(Xo.y0), (X1.¥1), (X2.¥2), ..., (Xa,¥n)}, Where xo <x; <x3 < ...

< X, then f.(x; A) is defined as:

( o — Ty — god < Lr = gl — gk g = <
gy — L — bl — g s — b by ==
falrli = 4 Mo o — ) e L — el — e by ==y
I o B B e T b I [
L Ha =

Once StepsRank is determined, a curve function can be applied to StepsRank to
obtain the Steps subscore Sy;,. In an embodiment, the curve function can be a
piecewise linear function, defined by:

« f.iStepsRank: S¢'1 il [Ja91 = YES:
tete T NOLL if D391 = ND.
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where SC = {(0,0), (16,25), (31,50), (50,62), (69,74), (84,86), (100,100)} and D594 is
the value of the steps contribution indicator, which determines whether the Steps
subscore contributes to the calculation of the client’s overall wellness score. A
graphical representation of the Sy, as a function of StepsRank when D594 = YES is
shown in FIG. 6.

In some embodiments, the curve function may be defined by S;; above,
however, it would be appreciated that the curve function may be defined in any way
desired. For example, Sy, can be equal to the StepsRank for simplicity. Additionally,
the curve can be changed to make most clients” scores look better by setting the curve
function to be a concave function. Preferably, the two conditions of the curve function
that should be satisfied are that first, it must be a non-decreasing function (assuming
that the higher step count results in better health) and second, it must include the two
points (0,0),(100,100).

The present systems are operative to discern the appropriate general
population distribution data that should be selected given the client’s gender and age
bracket in order to obtain the most accurate results regarding the client’s steps
subscore.

If D594 = YES, the formula of S, 1S given by:

66 il ClientGender=NA wiul Clientage =2 30:

66 il ClientGender=NA and 30 < Clientage = [0
65 il ClientGender=NA ancd 10 = Clientage = 50
67 I ClientGender=NA anc 50 = Clientage == 60:
67 il ClientGender=NA and 60 = Clientage = 70
66 il ClientGender=NA and Clientage > 70
68 il ClientGender=M and Clientage = 31

67 if ClientGender=Mal 30 < Clientage = 11);
65 H ClientGender=Mawl -1 < Clientage = )
66 I ClientGender=M ol 50 <X Clientage < HI):
67 H ClientGender=Mawl 60 < Clientage = 71
66 if ClientGender=Mamd Clientage > 71k

64 i ClientGender=F and Clientage = 31

DAt =

65 H ClientGender=F a3l < Clientage <= 1)
65 il ClientGender=F wiul 1) <X Clientage < HI);
67 il ClientGender=F wiul 51 <2 Clientage < 1)
68 i ClientGender=F awl 60 <7 Clientage = 71
66 if ClaentGender=F winl Clientage = 71l
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Otherwise, Sspu) = NULL. The above data are provided as an example of
average scores of a Canadian population in various age and gender brackets.

The steps subscore Sy, can be compared with the average score Sgpua of the
general population in the client’s age and gender category to determine whether the
client’s subscore is better than, equal to, or worse than others in the same age and
gender category. A qualitative scale can be used to indicate whether the client’s steps
subscore S, 1s excellent, very good, good, fair, or poor. In some embodiments, the
subscores for each rating may be provided in a range such as, for example: Excellent:
86-100; Very good: 74-85; Good: 62-73; Fair: 50-61; and Poor: 0-50. It should be

appreciated that any other score may be utilized.

Moderate to Vigorous Activity (MV)

As another example, a level of moderate to vigorous activity subscore .S, may
be generated to indicate the individual or group’s wellness with respect to the average
amount of time spent performing moderate to vigorous activity (i.e. MV) per day,
based upon how the individual or group ranks compared to the general population.
Input information for generating the MV subscore may comprise age (Clientage),
gender (ClientGender), average number of minutes of moderate to vigorous activity
performed per day or, if the measured average daily MV is not available, the reported
average daily MV from the client (MVDaily), the amount of daily MV the client
wishes to increase (IncrMV), and a MV contribution indicator (D595), which is a
yes/no value that determines whether the MV subscore contributes to the calculation
of the client’s overall wellness score.

First, the client’s average daily MV “ClientMVAvgActi” is calculated as
follows:

ClientMV AvgActi = MVDaily + InctMV
where MVDaily is the average daily MV measured by the client’s fitness device or
reported by the client, and IncrMV is the amount of daily MV the client wishes to
increase.

In some embodiments, the MV Rank can then be estimated based on the
average daily MV and the appropriate distribution data of the average daily MV of the
general population can be selected based on age and gender. As with the Steps

subscore, general population distribution data of MV can be provided to act as a
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baseline for the average daily MV of the general population. The MV distribution data
can be grouped into the same age/gender brackets as for the steps distribution data,
each bracket having 9 levels of deciles. Two additional levels of deciles can once
again be added to the existing 9 levels of deciles in the distribution data, such that the

distribution of MV between deciles is as follows:

Cumulative percent | O 10 120 (30 [40 |50 |60 [70 |80 |90 |100
(%)

MYV quartile Mo my mo ms my ms Mg my mg My Mo

where my...m; are the average daily MV of each quartile, and my = 0, m,, = mg +
Y8 .(miy; —m;)/8 . The MVRank among the population can then be estimated
using the same formula used above for steps. As with the steps subscore above, the
client’s MV subscore S, can be compared with the average score S,.uc of the
general population in the client’s age and gender category to determine whether the
client’s subscore is better than, equal to, or worse than others in the same age and
gender category. A qualitative scale can be used to indicate whether the client’s MV
subscore S, 1s excellent, very good, good, fair, or poor. In some embodiments, the
subscores for each rating may be provided in a range such as, for example: Excellent:
86-100; Very good: 74-85; Good: 62-73; Fair: 50-61; and Poor: 0-50. It should be

appreciated that any other score may be utilized.

Sleep

As another example, a sleep subscore S, may be generated to indicate the
individual or group’s sleep wellness with respect to the average number of hours of
sleep per day, based upon a comparison to the sleep patterns of the general population
distribution information. As above, input information may be age (Clientage), gender
(ClientGender), and average number of hours of sleep per day (SleepDaily), either
measured by the client’s own device or as reported by the client, the amount of daily
sleeping time the client wishes to increase (IncrSleep), and a sleep contribution
indicator (D596), which is a yes/no value that determines whether the sleep subscore
contributes to the calculation of the client’s overall wellness score.

First, the client’s average daily sleeping time (in hours) “NewClientSleep™ is

calculated as follows:
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NewClientSleep = SleepDaily + IncrSleep/60

where SleepDaily is the average daily hours of sleep of the client measured by the
client’s fitness device or reported by the client, and IncrSleep is the amount of daily

5 hours of sleep the client wishes to increase.
If the sleep contribution indicator D596 = YES, then the client’s Sleep
subscore Sy, can then be calculated by applying the curve function f. as shown by the

following formula:

foillewClientSlesp: ¥ il Clientage < 65 aml (t < NewClientSleep = |1
o {t i Clientage < 55 aivl NewClientSleep = LI
TEETY i {NewClientSleep: S(78.: il Clientage = i andd 0 < NewClientSleep < I.I:
{t i Clientage = 65 and NewClientSlesp == 11

10 where SCS; — {(0,0), (6,62), (7.86), (7.5,100), (8.5,100), (9,86), (10,62), (14,0)}; and
SCS, = {(0,0), (5,62), (7,100), (8,100), (9,62), (14,0);.
If D596 = NO, then a NULL value 1s returned for Sy;,. FIGS. 7A and 7B depict

—

a graphical representation between sleeping time and sleeping score is shown for
individuals less than or 65 years of age (FIG. 7A) and over 65 (FIG. 7B).
15 If D596 = YES, the formula of Sy, 1S given by:

96 il ClientGender=Na aunl Clientage = 31

90 il ClientGender=Na ad 31) < Clientage = -1
85 il ClientGender=Na a1} << Clientage = O
84 il ClientGender=Na aiud 1) <2 Clientage < 61}
89 il ClientGender=Na awd 61) << Clientage < ¥k
100 lClientGender=Na winl Clientage =TIk

83 il ClientGendsr=M and Clientage < 3k

86 il ClientGender=M ancd 30 = Clientags - Uk
82 il ClientGender=M and 1t = Clientage - Bk
85 il ClientGender=M ancd il - .Clien‘tage <z Gk
100 il ClientGender=M el Gt = Clientage - 7k
100 il ClientGender=M vl Clientage == 7k

99 il ClientGendsr=F ancd Clientage < 3k

'5‘.”.';;[_1{'.';- = }

1

1

¢
95 il ClientGender=F aud 3

1

1

1

1

b Cllentage -k
38 il ClientGender=F and 10t < Clientage -« Nk
84 il ClientGender=F and 5t < Clientage - Gik:
88 il ClientGender=F and (il = Clientage - 7ik

100 il ClientGender=F sl Clientage == Vb

ity
it

= - =

Otherwise, Sypuc) = NULL. The above example data are average scores of a

Canadian population in various age and gender brackets.
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The sleep health subscore S, can be compared with the average score Sypuc)
of the general population in the same age and gender category to determine whether
the client’s subscore is better than, equal to, or worse than others in the same age and
gender category. A qualitative scale can be used to indicate whether the client’s sleep
subscore S, 15 excellent, very good, good, fair, or poor. In some embodiments, the
subscores for each rating may be provided in a range such as, for example: Excellent:
86-100; Very good: 74-85; Good: 62-73; Fair: 50-61; and Poor: 0-50. It should be

appreciated that any other score may be utilized.

BMI

As another example, Body Mass Index or “BMI” health subscore S, may be
generated to indicate the individual or group’s wellness with respect to BMI, based on
how the individual or group ranks compared with the general population information.
The inputs are the client’s age (Clientage), gender (ClientGender), height
(ClientHeight — in cm or inches), weight (ClientWeight — in kg or 1bs), the weight that
client intends to change in kg (IncrWeight), a BMI/weight contribution indicator
(D597), which is a yes/no value that determines whether BMI/weight is taken into the
calculation of the client’s overall wellness score, and a weight/BMI selector (B597)
which is selectable between “weight” or “BMI” and indicates which one of BMI and
weight is chosen. A BMI contribution indicator (IBMI) is “YES" if the BMI/weight
indicator is “YES” and the weight/BMI selector is “BMI”. Additionally,
ClientScaleHeight is chosen between values of “cm™ or “inc”, depending on whether
ClientHeight is given in cm or inches, respectively, and ClientScale is chosen between
values of “kg” or “lbs” depending on whether ClientWeight is given in kilograms or
pounds, respectively.

The target BMI for the client (ClientBMI) can then be calculated as follows:
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i CliantWeight - IncrWeight
i{TlientHeight /10002

if ClientScale=kg
ail ClientScaleHeight=cm:
if ClientScale=kg

(1 ientBMI aivl ClisntScalsHeight=Inc:
= 453502 . ClientWaight - lei . :
LREL ]J_Cf}len”.e]ghf InerWedght i 0lientScale=1bs
iClisntHeight /160);

ClientWeight - Incrweight
i* BlaClientHeight /1007

aivl ClientScaleHeight=cm:
0453502 ClisntWeight - IncrWeight . _
i3 hl~ClientHeight 100]7 if ClaentScale=1bs
al ClientScaleHeight=Inc:

After which the curve function can be applied to the ClientBMI to obtain the

BMI subscore Si,;. The formula of the curve function is:

Do FERMF = YES il ClientBMI = L
N f-{ClientBMI: 5 ff FHMF = YES and 15 < ClientBMI < 31
L 0 il fi53f = YES sl ClientBMI = 31t
NOLL i FRMI =10

5 where SCB = {(15,0), (18.5,90), (20,100), (23,100), (25,90). (30,50), (34,0)} and
IBMI is the BMI contribution indicator. FIG. 7C shows a graphical representation of
the BMI curve function.

If IBMI = YES, the formula of Siuc) 15 given by:

78 if ClientGender=NA 2l Clientages =2 30:
66 if ClientGender=NAa and 30 = Clientage « 1
69 if ClientGender=Na ancd 10 = Clientage = hi:
66 if ClientGender=N4 Al 50 = Clientage - G
65 if ClientGender=NAa and 60 = Clientage «
69 if ClientGender=N4 qiel Clientage = 700
87 if ClientGender=M ;aaul Clientage = 31);

70 if ClientGender=M i 3 < Clientage < 1)
g o= 67 if ClientGender=M aud 11} <7 Clientage < 31
B &0 if ClientGender=M awd 1) <2 Clientage = (i)
63 if ClientGender=M il H) << Clientage = Ik
68 if ClientGender=M awl Clientage = Tk
69 if ClientGender=F awel Clientage = 31
61 if ClientGender=F al 31) << Clientage = 1k
56 if ClientGender=F awl 1) <2 Clientage < 5
72 if ClientGender=F al 51) << Clientage = (/)
67 if ClientGender=F auwlH) <2 Clientage < 71k
71 if ClientGender=F sl Clientage = 7L
10 Otherwise, Symiuc) = NULL. The above example data are average scores of a

Canadian population in various age and gender brackets.
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The BMI health subscore Sgiz can be compared with the average score Sevruc)
of the general population in the client’s age and gender category to determine whether
the client’s subscore is better than, equal to, or worse than others in the same age and
gender category. A qualitative scale can be used to indicate whether the client’s BMI

5 subscore Sy 1s excellent, very good, good, fair, or poor. In some embodiments, the
subscores for each rating may be provided in a range such as, for example: Excellent:
86-100; Very good: 74-85; Good: 62-73; Fair: 50-61; and Poor: 0-50. It should be

appreciated that any other score may be utilized.

10 Weight
As another example, a weight health subscore S,. may be generated to

indicate the individual or group’s wellness with respect to weight, as ranked in
comparison to general population distribution information. The inputs may be age
(Clientage), gender (ClientGender), height (ClientHeight - in cm or inches),

15  ClientScaleHeight (indicating whether height is in c¢m or inches), weight
(ClientWeight), ClientScale (indicating whether weight is in kg or 1bs), the weight
that client intends to change in kg (InctWeight), and the contribution indicator IWei.
IWei is “YES" if the BMI/weight indicator is “YES™ and the weight/BMI selector is
“weight”.

20 The weight subscore can be determined by first defining function f( ):

( ClientHeight ) 2

100 )

[ 2.5 1xClientHeight ) 2
10K}

folr) = (ClientHeigh‘c2 g

r I Client8cale=kg and ClientScaleHeight=cm:
r 1f ClientScale=kg and ClientScaleHeight=Inc:

XX X

20 a5t r if ClientScale=1bs and ClientScaleHeight=cm:

{2.51xClientHeight %
[0 0. 1535492

x r 1f ClientScale=1bs and ClientScaleHeight=Inc.

ClientWeight + IncrWeight if ClientScale = kg
and defining: NPClientWeight = { }

ClientWeight + IncrWelsht if ClientScale = Ibs
0453592

Then, the weight subscore S,.; is given by:

NULL if IWei = ND:
() if NPClientWeight <= fi (15):
f.(NPClientWeight: SC'H7) if f,(15) < NPClientWeight < f, (34):
() if NPClientWeight > fi ()
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where SCIW = {(£4(15),0), (f4(18.5),90), (£4(20),100), (£4(23).100, (£(25).90),
(£4(30), 50), (£,(34), 0)}
If IWe1 = YES, the calculation of Sye;uc) 1s the same as Spmiuc):

"

78 if ClientGender=NA and Clientage <o ik

66 if ClientGender=Na ane 30t = Clientage - ik
&9 if ClientGender=NA wl 1t < Clientage < hik
66 if ClientGender=Na ane 5t = Clientage - Gik
&5 if ClientGender=NA aixl Gt < Clientage < 7ik
69 if ClientGender=NA mikl Clientage == Tk

87 if ClientGender=M awd Clientage < 30

70 if ClientGender=M and 30 < Clisntage = 10
&7 if ClientGender=M and 10 < Clientage <= 5
&0 if ClientGender=M and 50 = Clientage < G0:
63 if ClientGender=M and 60 < Clisntage =
68 if ClientGender=Mand Clientage = 70
&9 if ClientGender=F awl Clientage -2 30
61 if ClientGender=F anc 30 < Clisntage = 0.
56 if ClientGender=F and 10 < Clisntage = 50:
72 if ClientGender=F and 50 = Clientage < 60:
&7 if ClientGender=F ancd 60 < Clisntage =
71 if ClientGender=F and Clientage = 70

sae 0 —

L

5 If IWei = NO, Syeiuc) = NULL. The above example data are average scores of
a Canadian population in various age and gender brackets.

The client’s weight subscore S,.; can be compared with the average score

Sweiacy of the general population in the client’s age and gender category to determine

whether the client’s subscore is better than, equal to, or worse than others in the same

10 age and gender category.

Waist Circumference

As another example, a waist circumference health subscore S, can be

generated to indicate the individual or group’s wellness with respect to waist

15  circumference, as ranked in comparison to waist circumference in the general
population distribution information. The inputs may be age (Clientage), gender
(ClienGender), current waist circumference (ClientWaist0), length of waist in cm that
client intends to change (IncrWaist), with negative values meaning a decrease in waist
circumference, and a waist contribution indicator (D598), which is a yes/no value that

20  determines whether the waist subscore contributes to the calculation of the client’s
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overall wellness score. Additionally, ClientScaleWaist is chosen between the values
of “cm” or “inc” depending on whether ClientWaist0 is given in c¢cm or inches,
respectively.

A distribution of data of waist circumferences is provided, and can be grouped
into the same age and gender brackets as above.

To obtain the client’s waist subscore S, the client’s target waist
circumference is first determined, for example by the following formula:

max (2.5 % ClientWaistd + IncrWaist] if ClientScaleWaist=Inc
max(. ClientWaistd + IncrWaist] if ClientScaleWaist=cn

ClientWaist = {

The client’s rank among the general population WaistRank can then be
calculated based on ClientWaist and the distribution data of waist circumference, as
was done to calculate StepsRank. The waist distribution data can be divided into

eleven deciles as follows:

Cumulative percent | () 10 120 (30 [40 |50 |60 [70 |80 |90 |100
(%)

Waist quartile Wo Wi W W3 Wy Ws We ws Wg Wg Wio

where wy = wy — [E8 Wieq — w)1/8. wig = wo + [E (Wi — w)]/8. which
differs from the deciles for steps and MV activity time.

The rank of the client’s waist relative to the general population can then be
estimated by the formula:

{t [ ClientWalst < uy
WaistRank = ¢ f.(ClientWaiat: TV} l oy < ClientWaist < wy
IHE il ClientWailst = wo.

where RW = {(wy.0), (w;,10), (w2,20), w330), ... ., (we.90), (W, 100)}. After
obtaining WaistRank, the curve function can be applied to obtain the waist subscore
Swse. The client’s waist subscore S,,; can be compared with the average score Syuc)
of the general population in the client’s age and gender category to determine whether
the client’s subscore is better than, equal to, or worse than others in the same age and
gender category. A qualitative scale can be used to indicate whether the waist
circumference health subscore S, 1s excellent, very good, good, fair, or poor. In some

embodiments, the subscores for each rating may be provided in a range such as, for

PCT/CA2017/050481
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example: Excellent: 86-100; Very good: 74-85; Good: 62-73; Fair: 50-61; and Poor:

0-50. It should be appreciated that any other score may be utilized.

Smoking
As another example, a smoking health subscore Sy, can be generated to

indicate the individual or group’s wellness with respect to smoking habits, based upon

how the individual or group ranks compared to the general population information.

The inputs for the smoking subscore may include age (Clientage), gender

(ClientGender), a smoking contribution indicator (D599), which is a yes/no value that

determines whether the drinking subscore contributes to the calculation of the client’s

overall wellness score, as well as the variable shown in FIG. 8. Additionally,

distribution data of the general population can be obtained for each of the following

smoking levels for various age brackets and genders: Never Smoked, Former

Occasional Smoker, Former Daily Smoker, Always an Occasional Smoker,

Occasional Smoker and Former Daily Smoker, and Daily Smoker.

Al

The smoking subscore is given by the following formula:

85 — (Client3meckeF0Y¥sar — 1] »

70— (Client3mokeFDNu — 1] »

T — (ClientSmakeAODa — 1] x 2
1) — iClientSmake08Nu — 1] »

20— {CigarNumber — 1] »

101
100 &5
[FR]

160 70

10

G0N

I

G I

[T

)

WE D

if ClientSmeke=Y

il Client3moke=N and
ClientSmakeFO=Y

il ClientSmoke=N an
ClientSmakeFD=Y

if ClientSmoke=N and
ClientSmakepl=Y

if ClientSmoke=N and
ClientSmake(3=Y

il ClientSmoke=N and
ClientSmakel=Y

If smoking contribution indicator D599 = NO, then S;,+= NULL.
If D599 = YES, the formula of Sy 1s given by:
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b e
LO0 = CP2280 — 02 % 2251 + 85 »x (72252 if ClientGsender=H
=50 2253 — Ii ¥ C251 4+ 12 % 2255 o 200 = Clisntage =2 30:
HHb 1)22'}) 02« {32250 — 85 » 2252 il ClientGender=F
0k s J22253 413 s S350 — 12 % D225 aond 20 = Clientage = 30:
FOHE s J2200 4 02 72251 — &5 x F2252 il ClientGender=M
0 s I2253 + 13 < 72250 — 12w KRG e B < Clientage = 10:
100 » F225 H + 02 % F2O51 + 8h x F2252 il ClientGsnder=F
+50 % F2203 4+ 13 > F2251 4+ 12 x F2255 aond 30 = Clientage = -10:
10(] r2ah U Q2 % CF201 + 85 2 (72252 il ClientGsender=YM
_ =50 PR3 — LY v GRRARL 4+ 12 x (2255 el < Clientage = 50:
- 10« HEES] Q2 JI2251 — 85 » 12252 1 ClientGender=F
4l s FI2253 — 13 o« JI2250 — 12 % FF2255 0 and it 2 Clientage = 50
HOHE o £2250 + 02 o J225] — &5 » J2252 1 ClientGender=H
A0 12203 4+ 13 0 F225 1 — 12 % F2255 aned Bt = Clientage < 60
IO = JAAN 492 > J2251 + 55« S22 1 ClisntGender=F
+0 0 ST2RG 4+ 13w J2200 4+ 12 0 S2205 0 aned B = Clientage < 60
Ly s BO2B0 4+ 02 = A'225]1 + 85 < N2252 i ClisntGender=YM
+i) ¢ KPS 4+ 13>< 2251+ 12« K225 aond Clientage = GO:
I L2250 — Q2 % L2N] 85 = .F..ZE. 2 il ClientGender=F
—B) « L3253 — H ¥ L2514+ 12 L2255 and Clientage = G0,

where C-L combined with numbers 2250 — 2257 are references to a general
population distribution information database with respect to the smoking levels of the
general population. Examples of general population information can be found in FIG.
9.

If D599 = NO, then Sgwus) = NULL. Accordingly, the smoking health
subscore S, can be compared with the score Syuc) of the general population in the
group corresponding in age and gender to determine whether the health subscore is
better than, equal to, or worse than others in the same age and gender category. A
qualitative scale can be used to indicate whether the client’s smoking subscore S 1S
excellent, very good, good, fair, or poor. In some embodiments, the subscores for
each rating may be provided in a range such as, for example: Excellent: 86-100; Very
good: 74-85; Good: 62-73; Fair: 50-61; and Poor: 0-50. It should be appreciated that

any other score may be utilized.

Drinking

As another example, a drinking Health Subscore S, can be generated to the
individual or group’s wellness with respect to drinking habits, based upon how the
individual or group ranks compared with the general population information. The

drinking Health Subscore may be generated using age (Clientage), gender
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(ClientGender), a drinking contribution indicator (D600), which is a yes/no value that
determines whether the drinking subscore contributes to the calculation of the client’s
overall wellness score, as well as the factors shown in FIG. 10. Additionally,
distribution data of the general population is provided for each of the following

5  drinking levels for various age brackets and genders: Regular Drinker, Occasional
Drinker, Former Drinker, Never Drink.

The drinking subscore Sy« is given by the following formula:

100 1if ClientDrkND=Y
35 — (ClientDrkFDNu — 1} x M2 if ClientDrkND=N wid
ClientDrkFD=Y
B if ClientDrkND=N and
ClientDrk0D=Y and
ClientGender 15
NOTFE
) — (ClisntDrkODNu — 8} x H if ClientDrkND=N anl
ClientDrk0D=Y and
ClientGender=F wmul
ClientDrkODNu>7
(H— {ClientDrkODNu — 1) % 230 if 013 entDrkND=N anid
ClientDrk0D=Y and
ClientGender=F wmul
ClientDrkODNu<=7
05 — {ClientDrkRDNu — 1] x 223 if ClientDrkND=N and
S = ClientDrkRD=Y and
ClientGender 1s
NOT Foandd
ClientDrk0ODNu<ib
Bt — (ClientDrkRDNu — 15) x 2% if ClientDrkND=N and
ClientDrkRD=Y and
ClientGender 1s
NOT Foandd
ClientDrkRDHNu>=15
it ClientDrkND=N e
ClientDrkRD=Y and
ClientGender=F mul
ClientDrkRDNu>14
2} — (ClientDrkRDNu — 8} x i 07 5 entDrkND=N and
ClientDrkRD=Y and
ClientGender=F mul
ClientDrkRDNu<=14

05 — {ClientDrk0ODNu — 1) »

If the drinking contribution indicator D600 = NO, then Sz« = NULL.
10 If D600 = YES, the formula of Sz, 1s given by:
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'Hrh-.’\i.'l('-'j
O s (72228 — 05 s 2230 — O s CRIA0 — 100 w (223

B0 e 72228 4+ 05 s JP220) 4+ 103 5 22230 — 1) < 72231

O s (72225 — 05 < 32220 — 03 % 2230 — 100 = (7223]

61 s F2223 4+ 95 3 12220 4 03 5 {2230 — 100 < [223]

69 > AX2IS 405 s W2220 — G e AT2230 4 1) 1 WP
Ty 00U L32223 — 05 5 2220 4 B3 % £22230 — 1)« L3223
6O % 2228 — 05w F2220 — 03 » F2230 — 100 = F2231

GO = JI2228 + 08 s FIZ2H) + 03 s [I2230 — 100 < [7223]
G s J2223 4 06 5 J2230 — 0% 0 F2230 + 10l S223]

GO o L2228 4+ 05 0 L2220 — 103 2 L2230 — 100 » [.223]

PCT/CA2017/050481

il ClientGender=M

anel 20 = Clientage =2 30

il ClientGender=M

ael 30 = Clientage = -

il ClientGender=M

anel 10 = Clientage = !

il ClientGender=M

andl 50 = Clientage =

il ClientGender=M

anmel = Clientage = Gik

il ClientGender=F

ancl 20 =2 Clientage = 30

il ClientGender=F

ael 30 = Clientage = -

il ClientGender=F

anel 10 = Clientage = !

il ClientGender=F

anl 50 = Clientage =

il ClientGender=F

amel < Clientage = Gib

where C-L combined with numbers 2250 — 2257 are references to a general

population distribution information database with respect to the drinking levels of the

general population.

If D600 = NO, then Sdrk(AG) =NULL.

The client’s drinking subscore Sy can be compared with the score Sgxua) of

the general population in the client’s age and gender category to determine whether

the client’s subscore is better than, equal to, or worse than others in the same age and

gender category. A qualitative scale can be used to indicate whether the client’s

drinking subscore S is excellent, very good, good, fair, or poor. In some

embodiments, the subscores for each rating may be provided in a range such as, for

example: Excellent: 86-100; Very good: 74-85; Good: 62-73; Fair: 50-61; and Poor:

0-50. It should be appreciated that any other score may be utilized.
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Resting Estimated VO2 Max

VO2 Max is an individual’s maximal oxygen consumption and can be
measured in a variety of ways. Accordingly, as another example, there are a number
of VO2 Max Health Subscores that can be generated and used in the calculation of the
overall wellness score (as described in more detail below).

In some embodiments, the VO2 Max subscore S,, may be based upon an
estimation of the VO2 max based on resting heart rate. The inputs for generating the
VO2 max subscore based on resting heart rate can be client’s age (Clientage), gender
(ClientGender), resting heart rate (HR20Second), which may be taken over a
predetermined period of time such as, for example, over an interval or seconds to
minutes, or preferably over a period of 20 seconds, and a resting estimated VO2max
contribution indicator (D601), which is a yes/no value that determines whether the
resting VO2 max subscore contributes to the calculation of the overall wellness score.
Additionally, general population distribution data of the resting heart rate and
VO2max norms of the general population is provided for various age brackets and
genders, which can be tabulated as shown in FIG. 11. The population distribution data
of resting heart rate and VO2max norms can be tabulated in a database (see, for
example, FIG. 12). As would be understood, the present database may comprise a
software database operative for fast and convenient access. In some embodiments,
population data for Canada is provided. Having regard to FIG. 12, seven columns are
provided as representation of seven possible levels of VO2max: Low, Fair, Average,
Good, High, Athletic, Olympic. The upper six rows are six age levels of the female
group (12-19, 20-29, 30-39, 40-49, 50-65, and 65+) . The lower seven rows are seven
age levels of the male group: 12-19, 20-29, 30-39, 40-49, 50-59, 60-69, and 70+.
HR20Second, which represents the client’s resting heart rate, can be obtained by the
client’s device or manually entered by the client.

The resting estimated VO2max subscore S, can be estimated by the following

formula:

PCT/CA2017/050481
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FIVOSResting. 21850 M 1851 if 200 < Clisntage = 230
aml ClientGender=F:
FIVOZReszting. 21855 11855 if 30 < Clientage == 10
aml ClientGender=F:
FiVOZ2Resting. FH1=56. Jf1256) if 1 = Clientags = &l
awl ClientGender=F:
FiVOZ2Resting. FHIS5T. JTLR5T) if St < Clientage < G5
aml ClientGender=F:
FIV02Resting. [71858. /115550 if Clientags == G
aml ClientGender=F:
FIV02Resting. FI85L M 1a51) if 200 < Clisntage <« 30
aml ClientGender=M:
FiVOZResting. FH1s55. Jf1555) if 30 < Clientages < 0
aml ClientGender=M:
FIVOSResting. [2 18506, 1 556 if 10 < Clisntage = 50
aml ClientGender=M:
FIV02Resting. 2I85Y. J1a57) if bl < Clisntage <« GO
aml ClientGender=M:
FIVOZResting. [21858. /1858 if 60 < Clientage = 70
al ClientGendsr=M:
FiVOZ2Resting. JA1850 11350} if Clientage = it
al ClientGendsr=M.

S = FIVO2Resting) =

where F( ) denotes S,, as a function of VO2Resting, B&H combined with
numbers 1854 — 1859 refer to the cells of the population distribution table for VO2
Max shown in FIG. 12, and the VO2Resting is calculated by:

220 — Clientage
HR20Second

VO2Resting =5.1 X

The function f( , , . ) can then be defined by the following formula:

i ). ISCSOP S0: .e
e i e

floco. by = { SCOP 4 i 0L1ISCI008 SESORL 4 ) oo
i e = h

where SC100P, SC50P, and SO are 100, 40, and 0, respectively.
If the resting estimated VO2max contribution indicator D601 = NO, then
10 Syuc =NULL. If D601 = YES, S, is given by:
Svracy = F(VO2RestingAgeGen)
where

220 — Clientage
HR20SecondAGen

VO2RestingAgeGen = 5.1 X

and
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744 if ClientGender=M vl Clientage < |5

70 if ClientGender=M el 15 < Clientage = 20t
69.7 i ClientGendsr=Mand 20 < Clientage - 23
71.1  ifClientGendsr=Mand 25 < Clisntage =2 30
68.8 if ClientGendsr=M .l 30 < Clisntags =2 35:
69.6 i ClientGender=M i 35 < Clientage = 10t
68.2 ifClientGender=Manc 10 < Clientage = 15
69.6 i ClientGender=M i 15 < Clientage = hll
67.5 i ClientGender=M and 50 < Clientage -2 Gl
66.4  if ClientGender=M il 60 < Clientage = 70!

VO2RestinghpeGen = ¢ 659 if ClientGender=M and Clientage > 70

789 if ClientGender=F .l Clientage -« 15
769 i ClientGender=Fancd |5 < Clientage - 200
76.7 i ClientGender=F ancd 20 < Clientage =0 25:
76.7 ifClientGendsr=F and 25 < Clientage =2 30
759 i ClientGendsr=F ancd 30 < Clientages =2 33:
731  ifClientGender=F ancd 35 < Clientage =2 10t
71.7  ifClientGender=F anc 10 < Clientage = 15
723 ifClientGendsr=F and 15 < Clientage = h:
69.7 i ClientGender=F anc 50 < Clientage = (e
68.2 i ClientGender=F sl Clientage = 635,

Treadmill Test Estimated VO2 Max

In some other embodiments, a VO2 Max health subscore S,; may be generated
to indicate the individual or group’s wellness with respect to an estimation of the
client’s VO2 Max based on the client’s heart rates at the end of two stages of exercise:
stage 1 and stage 2, where stage 1 and stage 2 represent two different intensities of
exercise, and where stage 2 is more intense than stage 1. Both stages may be
customized for each individual based on their age, gender and resting heart rate. The
inputs for generating the treadmill test estimate VO2max subscore may be age
(Clientage), gender (ClientGender), the heart rates at the end of stage 1 and stage 2
exercise, and a treadmill test estimated VO2max contribution indicator (IVO2T),
which is a yes/no value that determines whether the treadmill VO2 max subscore S,;
contributes to the calculation of the client’s overall wellness score. Additionally,
population data of VO2max norms, predicted VO2max in stage 1 and stage 2
exercise, and population data of estimated VO2max are also used. This data can be
tabulated as in FIG. 11 showing VO2 Max of General Population.

Contribution indicator IVO2T is determined by:
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¥ES il 3602 = Tes and 602 = Estim. V02 Max (Treadmill):
HO  otherwise,

NO2T = {

where D602 is the indicator of whether any one of the treadmill test estimated
VO2max and model based estimated VO2max is taken into the calculation of overall
score, and B602 is the indicator of which one of the two VO2max is chosen.

A population data of predicted VO2max of stage 1 and stage 2 can be
tabulated in a database for fast and convenient access (e.g. such as an Excel™
spreadsheet). In one embodiment, general population distribution data for Canada
may be obtained from any appropriate sources including, for example, the “National
Youth Fitness Survey Treadmill Examination Manual”, Appendix C, and tabulated as
provided in FIG. 13. The client’s heart rates at the end of stage 1 and stage 2 exercise
are denoted as HRs1Tread and HRs12Tread, respectively. The Canadian population
data of estimated VO2max can be tabulated as in FIG. 11.

The variables VO2Tread and VO2TreadAgeGen are used to calculate the
treadmill estimated VO2max subscore ;. The following information is required to
calculated VO2Tread:

Hi1677 il PredV02max = 20
Hi1878 il 20 < PredV02max = 2
H16749 il 25 = PredV02max = Ak
. - H1880 130 < PredV02max = 35
x1 {submax VO2 at end of Stage 1) = { e i35 = PredV02uax = Ak
Hi1882 i 10 = PredV02max = -1
Hi683 i 15 < PredV02max =
Higg4 I PredV0omasx = hdh
K1677 il PredV02max - 20
K1678 if 20 = PredV02max = 20
K16749 i 25 < PredV02max < Ak
I T
x2 {submax Vo2 at end of Stage 2} = 4 ii:g? iii:i[f]; E Eigjﬂggii : i{;ll
E1682 i 10 = PredV02max = 15
Ki1683 i -15 = PredV02max =
Ki684 i PredV02max = &k

VO2Tread is given by:

PCT/CA2017/050481
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) HRs1Tread + HRs2Tread
VO2Tread = <220 — Clientage — > )
o < x2 —x1 ) x2 +x1
HRs2Tread — HRs1Tread 2

VO2TreadAgeGen is given by:

'

45 if ClientGender=M qal Clientage = i
46.1 i ClientGender=M.uul 15 <l Clientage <
451 if ClaentGender=M .l 21) <2 Clientage <
43  ClientGender=M vl 20 << Clientage <
42,1 i ClientGender=M .l 31) <X Clientage < .
40,8 i ClientGender=M il 35 <2 Clientage <
407 i ClaentGender=M .l 1) < Clientage <
40  ClientGender=M il 13 << Clientage <
383 i ClientGender=M.uul 1) < Clientage =
364 i ClientGender=M.uul 6l << Clientage =
V02TreadsgeGen = { 355 il ClientGender=M.uwlClientage = 71k

65,9 U ClientGender=F anl Clientage = i
76.9 il Clientfiender=F al 15 <% Clientage =
76.7 il Clientfiender=F .l 21) <% Clientage =
76.7 il Clientfiender=F aiul 25 <% Clientage =
759 il Clientfiender=F .l 31) <% Clientage = :
731 il Clientfiender=F .l 35 << Clientage =
71.7 il Clientfiender=F ail 1) << Clientage =
723 i ClientGender=F .uul .13 < Clientage = !
69.7 i ClientGender=F aud H1) <2 Clientage <
68.2 i ClientGender=F .l Clientage = Hi.
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The data above being the estimated VO2 max for various age brackets and

genders found in column K, rows 1732-1753 of FIG. 11, above.

5
The treadmill estimated VO2max subscore is given by:
G Fivo2Tread) f V(R = YES:
S NIUTLL af [VoRT = N,
where the function F( ) is the function used above for calculating the subscore
of resting estimated VO2max.
10 The formula of S, 1s given by:

oo F(v02TreadagseGen) il {1327 = YES:
L NULL AV orRT =N
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Model Estimated VO2 Max

In yet other embodiments, a VO2 Max Health Subscore S,,, may generated to
indicate the individual or group’s wellness with respect to an estimation of the client’s
VO2 Max based on the age (Clientage), gender (ClientGender), BMI (ClientBMI),
Physical Activity Rate (PARScore), the client’s resting heart rate (HR20Second), and
the model estimated VO2max contribution indicator [IVO2M, which is a yes/no value
that determines whether the model estimated VO2 max subscore S, contributes to the
calculation of the client’s overall wellness score.

As above, population data and the individual’s data (if available) of heart rate
and perceived exertion rating of 3 stages of exercise may also used (warm-up, stagel,
stage 2) to calculate the subscore, as well as population estimates of parameters in the
linear model of estimating VO2max, and population data of estimated VO2max.

Contribution indicator IVO2M is determined by:

YES i 2602 = Yes ancd G2 = Estim. V02 Max (Mcdel):
N0 otherwise

IVex2df = {
where D602, as described in the treadmill estimated VO2max section above, is the
indicator of whether any one of the treadmill test estimated VO2max and model based
estimated VO2max is taken into the calculation of the overall score, and B602 is the
indicator of which one of the two VO2max is chosen.

A physical activity rate PARscore may be obtained through, for example,
questions similar to the following: Would you say that you avoid walking or exertion?
PARScore = 0; You walk for pleasure and routinely use stairs? PARScore = 1; You
participate in regularly modest physical activity for: 10 to 60 minutes per week?
PARScore = 2; More than 60 minutes per week? PARScore = 3; You participate
regularly in heavy physical activity for: Less than 30 minutes per week? PARScore =
4; 30 to 60 minutes per week? PARScore = 5; 1 to 3 hours per week? PARScore = 6;
More than 3 hours per week? PARScore =7.

If the incoming wellness information show heart rates of the 3-stage exercise
test (warm-up, stage 1, stage 2) and perceived exertion rating of the 2-stage exercise
test(stage 1, stage 2), then such information may also be taken into account.
Otherwise, such incoming wellness information is estimated based on the population

data of heart rate and perceived exertion rating.

PCT/CA2017/050481
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In some embodiments, the population data is located at columns D — I and
rows 1732-1753 of the VO2 Max of General Population shown in FIG. 11. The
columns D, F, H represent heart rates (per minute) in the three stages of exercise.
Columns E, G, I represent the rating of perceived exertion in the three stages. The
upper 11 rows (1732 — 1742) are 11 age groups of male: 12-14, 15-19, 20-24, 25-29,
30-34, 35-39, 40-44, 45-49, 50-59, 60-69, and 70+. The lower 10 rows are 10 age
groups of female: 12-14, 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-65, and
65+. A linear model can be used to estimate the client’s VO2max. The estimates of
parameters among the population can be tabulated in a database for convenient
manipulation and tabulated as shown in FIG. 14, wherein data cell C1821 contains the
intercept estimate. Cells C1822-1829 are coefficient estimates associated with age,
resting heart rate, warm up heart rate, stage 1 heart rage, stage 2 heart rate, predicted
VO2max, stage 1 perceived rating, and stage 2 perceived rating,

General population data of estimated VO2 max can also be tabulated, as
shown in FIG. 11, at column K, rows 1732-1753. The client’s heart rate in the 3
stages of exercise (warm up, stage 1, stage 2), denoted as HRw, HR1, and HR2,
respectively, and perceived exertion rating in the 2 stages (stage 1, stage 2), denoted
as PR1 and PR2, respectively, is required in order to calculate VO2Modell. If the
client has provided actual values for HRw, HR1, HR2, PR1, and PR2, then those
values can be used. Otherwise, these values can be estimated by referring to the VO2
Max of General Population (FIG. 11). HRw values for various age brackets and
genders are found in column D, HR1 in column F, PR1 in column G, HR2 in column
H, and PR2 in column I. The VO2Model1 can be calculated by:

V02Modeld = C1821 — 1824 x ffHw + C1825 » HR1 + C1828 = PRI+
C1826 = HR2 + C1829 x PR2 + C1827 x PredVO2max + C1822 x Clientage
+ 3% C1823 x HEXSecond
where C1821-C1827 refers to the cells of FIG. 14. The VO2Modell AgeGen is the
same as VO2TreadAgeGen. The model estimated VO2max subscore S,,, can then be

calculated by:

G Fiv02Madell) if fV7€X21f = YES:
o NULL it £V exdf = Ho,

where the function F( ) is the function used above for calculating the subscore of

resting and treadmill estimated VO2max.
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The formula of S,,uq) 1s given by:

o o Fiv02ModellAgeGen) il {1°CX21f = YES:
UL NELL ariverl = No.

Disease Risk

Disease Risk digital biomarker subscores can be generated to determine
(estimate or predict) an individual or group’s risk of developing certain diseases. In
some embodiments, Disease Risk Health Subscores may be calculated based on
incoming wellness information such as, without limitation, demographic information,
Health Behaviours Subscores, family history, and other factors, as compared to
corresponding data from the general population. In some embodiments, disease risk
Spr may, for example, be generated by calculating an average of the subscores
generated for at least five different disease risk metrics including, without limitation,
cardiovascular disease (Surai0), diabetes (Sgiaser), arthritis (Samy), lung disease (Shng),
and lower back pain (Sizpain). The disease risk subscore of the general population for
any given age bracket and gender (Spruc)) 1s the average of Scurviouc), Sdiaveracy),
Sertnriacy Shingac), and Sippaincacy. By way of example, embodiments showing methods
of generating a cardiovascular disease subscore Sz, are described, however it would
be understood that similar methods may be used to determine health subscores for

other disease risks.

Cardiovascular Disease

Accordingly, by way of example, a cardiovascular disease subscore can be
generated based upon, at least, some or all of the incoming wellness information
shown in FIG. 15. Additionally, general population information relating to, at least,
steps, MV activity time, BMI, and waist can be used as a baseline with which to
compare the individual or group. As would be known, normal blood pressure is
typically defined as diastolic <90 and systolic <140. Logistic models, requiring
various intercepts and coefficients used to predict the risk of cardiovascular disease,
can be used to calculate the individual’s cardiovascular disease risk CAvgRisk. A
curve function can then be applied to CAvgRisk to obtain the cardiovascular disease

subscore Sy dio-
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First, ClientBPR must be determined, which is a function of ClientBPRDis
and BPRSitu:

L . LN L IR %
1ientBPR — 3_ il Clle_ln.tBPRDls Y oawd PR =N
Noootherwise,

Then, ClientCardio must also be determined:

¥ il ClientCarDis=¥ ael CardicBitu="Have disease
but medication den’t make 1t normal”
ClientCardia = N il ClientCarDiz=N or {ClientCarlis=Y and CardioSitu="Have

dissase but medication makss it narmal®}
FALSE il ClientCarDiz=¥ awl Cardio3itu=NA

5
The client’s risk of cardiovascular disease CAvgRisk can be obtained by:
CavgRisk = {—{H?C*ar'l — B2 — B3+ RCard + I0Carh + e
i
where the RCarl, RCar2, RCar3, RCard, Rcar5, Rcar6 are the risks calculated from
six models with the following six groups of variables/factors, respectively:
l.Client3tepAvghictibnewClientBMI&ClientCarFamily
2.ClientMVAvghctibClientBMI& ClientCarFamily
3.ClientStepAvegactihClientBPRAClientGender
1 newClientBMIAClientBPRA-ClientGender
5.ClientMVavghctiiClientBPRAClientGender
10 f.ClientWaisti-ClientGender.
The following are the formulae to calculate risk using the above models.
1. The risk RCarl estimated based on ClientStepAvgActi,
newClientBMI, ClientCarFamily is:
ftCurl =CS5BF (ClientStepAvghctl. newllientBMI. ClientCarFamily;}
| logizticiyy ) if ClientCarFamily=Y:
] legisticigyy ! i ClientCarFamily=N.
15 where CSBF( , . ) denotes RCarl as a function of ClientStepAvgActi,

newClientBMI, ClientCarFamily, the logistic( ) is the logistic function:

L. BN
logistic(r) = ;
' b+ oxpla)

and
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v =3BF1CInt0 + SBF1C3t0 x Client3tepAvghcti + SBF1CBm0 x newClisntBMI
— BBF1CEtEBm0 » ClientStepAvghcti » newClisntBMI:

¢y =8SBF2CInt0 4 SBF2C5t0 « Client3tephvgActi + SBF2CBm0 » nswClientBMI
— SBF2CEtEm0 » ClientStepAvghctl » newllientBMI,

2. The risk RCar2 estimated based on ClientMV AvgActi, ClientBMI,
ClientCarFamily is:

RCur? =CMDBF{ClientMVaAvghcti. ClientBMI. ClientCarFamily}
| logisticigya) if ClientCarFamily=Y:
T ] logisticlgya] if ClientCarFamily=N.

5 where CSBF( ., , ) denotes RCar2 as a function of ClientMVAvgActi,

ClientBMI, ClientCarFamily, ClientCarFamily, and:

2 =MBF1CInt0 — MBF1C540 » ClientMVAvgaActi + MBF1CEmO « ClientBMI
+ MBE1C3tBm0 x ClientMVAvghcti « ClientBMI:

vy =MBF2CInt0 — MBF2C53t0 x ClientMVAvgActi: + MBF2CEmO « ClientBMI
+ MBF2C3tBm0 x ClientMVAvghActi « ClientBMI.

3. The risk RCar3 estimated based on ClientStepAvgActi, ClientBPR and
ClientGender is:

RCard =CSP[Client3tephvghcti. ClientBPR. Clientfiender)
logisticigmyt i ClientGender=Na aud ClientBPR=Y:.
logisticlgingt i ClientGender=M aud ClientBPR=Y:
logistici iyt i ClientGender=F and ClientBPR=Y:
lowistictgoy gy I ClientGender=HA and ClientBPR=N:
logistic{ v i ClientGender=M aud ClientBPR=N:

10 logisticigryvyt U ClientGender=F wd ClientBPR=N.

where CSP( , , ) denotes RCar3 as function of ClientStepAvgActi, ClientBPR,
ClientGender, and

geny =BpCYStIntd 4+ BpCYSt0 x ClientStephvghcti:

gy s =BpCYStIntM + BpCYStM x ClientStephvghcti:
iy =BpCYStIntE 4+ BpCYStF x ClientStephvgicti:
gdovy =BpCNS3tInt0 + BpCNSt0 x Client3tepAvghcti:
Y vy =BpCNStIntM + BpCNStH x ClientStephvghcti:
vy =BpCN3tIntF + BpCNStF x ClientStepAvgActi.

4. The risk RCar4 estimated based on newClientBMI, ClientBPR and
15 ClientGender is:
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DRl =CBPinewClientBMI. ClientBPR. ClientGender}

logisticigoy i U ClientGender=NA and ClientBPR=Y:
logisticlgyt U ClientGender=M aixl ClientBPR=Y:
logisticiyy b i ClientGender=F aldl ClientBPR=Y:
logisticigoy.; i ClientGender=HA and ClisentBPR=N:
logisticiyy vyt U ClientGendsr=M aixl ClientBPR=N:
logisticigryy b if ClientGender=F acl ClientBPR=N.

where CBP(, , ) denotes RCar4 as a function of newClientBMI, ClientBPR,
ClientGender, and

ey =BpCYEmIntO — BpCYEBmO « newClientBMI:
iy =BpCYEBnIntM — BpCYBuM « newClientBMT:
gryy =BpCYEmIntF — BpCYBoE « newClientBMI:
yorvy =BpCNEnIntO — BpCNEmO « newClientBMI:
¢y =BpCNBnIntM — BpCNEnM « newClientBMI:
yi-vy =BpCNEnIntF — BpCNEmE « newClientBMI.
5 5. The risk RCar5 estimated based on ClientMV AvgActi, ClientBPR and

ClientGender is:

RCard =ChPClientMVAvghcti. ClientBPR. ClientGender;
logisticigoysd 1 ClientGendsr=NA and ClientBPR=Y:
logisticlgyysi U ClientGender=M al ClisntBPR=Y;

logisticiyiysi i ClientGendsr=F wdd ClientBPR=Y:
lowisticigoyvsi I ClientGender=NA and ClientBPR=N:
logistic{y iy vyy U ClientGender=M aud ClisntBPR=N:
logistic{gryvst i ClientGender=F aud ClientBPR=N.

where CMP( , . ) denotes RCar5 as a function of ClientMV AvgActi,
ClientBPR, ClientGender, and

yews =BpCTMvInt0 + BpCfMvl « ClientMVAvgdcti:

vy =BpCTMvIntM + BpCYMvl « ClientMVAvglcti:

iy =BpCTMvIntE + BpCYMvE « ClientMVAvgdcti:

yovs =BpCNMvIntd 4+ BpCMvl « ClientMVAvghcti:

gurvy =BpCNMvIntM + BpCNMwlM « ClientMVAvgdcti:

yivs =BpCNMvIntF 4+ BpCHMvE « ClientMVAvghcti.
10

6. The risk RCar6 estimated based on ClientWaist and ClientGender is:

BCurh =CWiClientWaist. ClientiGender)

logisticlgon)  if Clientfender=NA:
= ¢ logistic{yys) 1if ClientGender=M:
logisticigr.)  if ClisntGender=F.

where CW( , , ) denotes RCar6 as a function of ClientWaist, ClientGender,

and
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gy =W0Intl + WoWel = ClisntWaist
e =WCIntM + WOWcM = ClientWaist
e =W0IntE + WoWeE = ClisntWaist.

7. The formula of CAvgRiskSB is given by:

CAvgRisk3B =CSBiClientStepAvghicti. ClientBMI. ClientGender |

logistic(ge: 3 if ClientGender=HA:
= ¢ logisticigy-t il ClientGendsr=M:
logistic(g73  if ClientGendsr=F.

where CSB( . , ) denotes CAvgRiskSB as a function of ClientMV AvgActi,
5  ClientBMI, ClientGender, and

yor =5BCInt0 — SBCSt0 ® Client3tepAivghcti + 3BCBmO » ClientBMI
+ 3BCStBu0 x ClientStepAvgdcty « ClientBMI:

giyr =3BCIntM — SBCStM = ClientStepAvghActi + SBCEmM > ClientBMI
+ SBCStBuM x ClientBtephvgdcti =« ClientBMI:

i =SBCIntF — SBCStE »x ClientStephvgdctl + SBCEmE » ClientEMI
+ SBC3tEmE x ClientStephAvghcti « ClientBMI.

The formulae for calculating the cardiovascular disease subscores S..4:, and

Seardiogac) are given by:

NELE ar V501 = NO:
FWellScereCardio il V501 = YES aml
L594="Cardio (compare te¢ same groupl™:
S ardio = 4 FWell3coreCardicHel 1f V51 = YES anid
L594="Cardio (compare t¢ Healthy groupi™
FWellScoreCardialB f V31 = YES anid
L594="Cardio JUST Based on Steps & BMI".

NULL Al N3491 = NO:
FiWell3caoreCardichGen il V501 = YES and
L594="Cardlo (compare to same group:™:
Seardininen = § FWellScoreCardioHelAGen if V331 = ¥ES and
L594="Cardia (compare to Healthy group)™
FWell3coreCardiodGenSB al V501 = YES and
L594="Cardio JU3T Based on Steps & BMI™

10 The formula of FWellScoreCardio is given by:

NITLEL if ClientCardia=Y
ot ClientCardio=FALSE:
to i ClientCardia=N
anel ChvgRisk = o
foCAvgRisk: 5C ) 1f ClientCardia=N
ael g % CAvgRisk & o x
s i ClientCardie=N
ael CAvgRisk = v

FiellScareCardic =
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Where SCcardio = {(xCO: yO): (x(»‘]: y]): (xCZ: y2): (x03: y3): (x(»‘4: y4): (x(»‘5: y5)} a'nd

£ = CSBMP100:
r.1 — CSBMP8O:
r.2 = CSBMP70Q:
r.; — CSBMPS(:
r,., = CSBMP20:
r.- — CSBMPO:
= 3CExcellent:
¢ = SCVgood:
s = SCGood;
iy — SCFair:
ity = SCPoor:
4 — SCO.

FIG. 16 shows the pattern of the curve function to be applied to the client’s
average risk of cardiovascular diseases CAvgRisk to obtain the cardiovascular
diseases subscore where the (x.q, o) and (x.s, ys), are (0.005, 100) and (0.15,0),
respectively. The y;, v, ys ysare fixed to be 86, 73, 61, 49, respectively. The x;;_ x.»,
X.3, X.4 are calculated according to the population data and the client’s age and gender.
To do so, in an embodiment, four levels of numeric deciles (20%, 50%, 70%, and
80%) for each of ClientStepAvgActi, ClientMV AvgActi, ClientBMI and ClientWaist
with the given gender and age of the client. The deciles are ranked in the following

“goodness order”:

Variab] s Cnartiles 1w gooduess order
artalee=

Poor  Fair Gooad  Yerved

ClientStepAvghcti s sty s =1
ClientBMI bendy Iendy Binds hrd
Clientwaist ey ek S
ClientMVAvghcti ey it 1 i

where the deciles of ClientStepAvgActi, ClientMVAvgActi, ClientBMI and
ClientWaist are denoted as s, mv, bmi and wai, respectively. Their subscripts 1,2,3
and 4 are representing 20%, 50%, 70% and 80%, respectively.

For each of the models, four risks for cardiovascular diseases are calculated,
ranging from poor, fair, good, and verygood by applying the same calculation as was

used in calculating RCarl, RCar2, RCar3, RCar4, RCar5, and RCar6 to those deciles,

PCT/CA2017/050481
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that is, all numeric variables can be replaced with corresponding deciles. The
categorical variables remain the same.

1. The model based on ClientStepAvgActi, ClientBMI, and
ClientCarFamily is:

I ot pear =CSBE (st Brndy. ClientCarFani 1y |
Fowrt pan =CBBE (st hidy. ClientCarFamily
it gous =CSBE sty bty ClientCarFani 1y}
it et =CBSDBE (=4 brrdy . ClientCarFamily }

5
2. The model based on ClientMVAvgActi, ClientBMI, and
ClientCarFamily is:
Fegra ponr =CNIBF iy bindy, ClientCarFamily]
Boo pao =CNBF (nrey iy, ClientCarFamily)
Fewr pong =CNIBF (miey. brds, ClientCarFamily)
Foarreneten =CAIBF iy by ClientCarFami 1y ]
3. The model based on ClientStepAvgActi, ClientBPR, and ClientGender
10 is:
I v peer =C 8P (. ClientBPR. ClientGender;
foara paee =C8SP (a2, ClientBPR. ClisntGender;
Floniigons =C 3P (514, ClientBPR. ClientGender;
Bt opection. =C S a1y, ClientBPR. ClientGender;
4. The model based on ClientBMI, ClientBPR, and ClientGender is:
toart oo =CBP{hoiy ClientBPR. ClientGender;
Bt parr =CBP{Biiy. ClientBPR. ClientGender
B goss =CBPinia. ClientBPR. ClientGender;
I et etien: =CBP{Iii;. ClientBPR. ClisntGender;
5. The model based on ClientMVAvgActi and ClientBPR and ClientGender
15 s

fernpose =CMDP . ClientBPR. ClientGender]
Feers pair =CAIDP 0o, ClientBPR. ClientGender]
Beavsgond =CAIP ey, ClientBPR. ClientGender]
I aener etieny =N ClientBPR. ClientGender)

6. The model based on ClientWaist and ClientGender 1is:
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vt oo =0 W ety ClientGender)
et pan =0 W lhiraty ClientGender)
Bravtigond =CW {rvia. ClientGender)
It viemetiens =CW iy ClientGender]

After the risks have been calculated, they can be averaged to obtain x,; x;, X3,

Xeq
I G
o =% 21: PO vt o cdtene:
T :l i I vt anont
ST b o
I A
te3 = Zl: I avs fair:
I G
o =g Zl: IR, art
5 7. To calculate FWellScoreCardioSB and FWellScoreCardioAGenSB,

the following estimated deciles of cardio risks based on steps and BMI must be

calculated:

£ e =CSDBIst iy, ClientGender)
Boaes poe =CSDBIsta bardy, ClientGender)
I arr gnod =CSBaty brrda, ClientGender)
Fewrrerenitn: =CSB{st 1 by, ClientGender)

Let f2( , , ., ) denote the CAvgRisk as a function of ClientStepAvgActi,

10 ClientMV AvgActi, ClientBMI, and ClientWaist. That is:

CavgRisk =ta{ClientStepivghcti. AvgMVGenigetcti. ClientBMI.
ClientWailst}

Then the formula of CAvgRiskGenAge is:

ChvgRiskGenhge =tylAvgitepGenigehoti. AvgMVGenAgehcti. ClientBMIGendgs.
AvgWailstGenbgs:
where AvgStepGenAgeActi (the average daily steps taken of the general population,
15  separated into various age brackets and genders), ClientMVGenAge (the average
daily minutes of MV), ClientBMIGenAge (the average BMI) and AvgWaistGenAge

(the average waist size) are given by:
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AvgStepGenAgehcty
9224 if ClientGender=NA awl 20 < Clientage < )
8830 if ClientGender=NA aud 30 < Clientage < -H)
8941 il ClientGender=NA and 10 < Clientage < 5l
82643 ClientGender=NA and 5 = Clientage < GO
7368 1f ClientGender=NA and 6Gi) = - Clientage == iUk
6237 1l ClientGender=NA: mn]Cllentage =T
9848 if ClientGender=Muml 2 < Clientage - 300
9422 I ClientGender=Mand 3 < Clientage - -l

_ 9837 if ClientGender=Mamnl W) < Clientage < Hi:

- 8687 il ClientGender=Mand i< Clientage « filh
7878 il ClientGender=Mand 6l = Clientage « ()
6906 1f ClientGender=M: mr]Cllentage =
8534 i ClientGender=F and 20 < Clientage - 30k
8280 if ClientGender=F aml 3 < Clientage - 10
8010 f ClientGender=F and W)= Clientage « Sk
7867 ifClientGender=F and 5 <. Clientage - {ilk
6880 il ClientGender=F an:d i) <2 Clientage « Tik
5677 1fClientGender=F .nd Clientage = Vil

which are the mean average daily step counts for each age and gender bracket.

5

bracket.

AvgMVGenAgeActi

27.261345 i ClientGender=NA al 240 <2 Clientage - ik
22877719 il ClientGender=NA aunl 3{} <7 Clientage <= ik
21.183897 1f ClientGender=NA al lit <. Clientage < Hik:
18.057031 1f ClientGender=NA and 5 <2 Clientage - Gl
13165338 1l ClientGender=NA and (i} == Clientage < VI
9.948715 1f ClientGender=N4A uulCllentage = T
29981944 1f ClientGender=M and 20 < Clientage - 30k
25991409 1f ClientGender=M and 30 < Clientage - -1
24.419647 1l ClientGender=Mand 10 -Z Clientage -« Sk
18.855232 i ClientGender=Mand 50 < Clientage - Gl
13.874513 it ClientGender=M and 60 = Clientage - 7(k
11.686853 it ClientGender=M anl Cllentage = Tk
24.308956 1f ClientGender=F and 20 < Clientage - 3%
20.014397 il ClientGender=F and 30 < Clientage = [k
17.935525 il ClientGender=F and W) < Clientage - 5li:
17.30886 il ClientGender=F and 50 < Clientage - LU
12.49993 if ClientGender=F and G0 = Clientage « 70

L 8.529676 if ClientGender=F andl Cllentage =70,

which are the mean average daily minutes of MV for each age and gender
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ClientBMIGenAge
26 ifClientGender=HA aul 20 <2 Clientage - ik
28 if ClientGender=NA il Mt < Clientage < -k
28 if ClientGender=HA and ) <" Clientage - Mk
28 if ClientGender=HA ail M) <2 Clientage - filk:
28 it ClaentGender=NA ;i (1 < Clientage = Vik
28 it ClientGender=NA a:l Clientage = VI
25 it ClientGender=M:uul 20t = Clientage - 3k
27 it ClientGender=M:uul 30 < Clientage - 1k
28 it ClientGender=M.uul 1t < Clientage < 5k

] 29 it ClientGender=M .l ilt < Clientage < Glk
28 it ClientGender=Mand G0 < Clientage - 7(k
28 it ClientGender=M.uul Clientage > T{I:
23 if ClientGender=Fuul 20 < Clientage < 3k
29 if ClientGender=F .l 30 < Clientage = 1
29.23 it ClientGender=F il 10 < Clientage = Hik
27 if ClientGender=F and 50 < Clientage < 60
28 if ClientGender=F awd 6l <2 Clientage = T(k

L 27 ifClientGender=F and Clientage > 7.

which are the mean average BMI for each age and gender bracket.

AvgWalstGenAge
(8533 ifClientGender=NA and 20 < Clientage = 3

89.95 1fClientGender=NA and 30 <~ Clientage « [k
92.88 if ClientGender=NA and 10 < Clientage - ik
95.34 1fClientGender=NAand 50 < Clientage « fih
97.38 ifClientGender=NAand 6l < Clientage < vk
96.39 1f ClientGender=NA and Clientage = Tih
87.24 1 ClientGender=Mand 2} =" Clientage - 30
94 if ClientGender=Mand 3(} < Clientage - {1

_ 96.85 1f ClientGender=M:nd {0} - Clientage « 5U:

~ ] 101.26 ifClientGender=M.ml ) = Clientage - 6l):
102.6 1fClientGender=Maud Gl < Clientage < V0
101.57 ifCilientGender=Mand Clientage > Vil
83.61 i ClientGender=F and 2 < Clientage < 30
8598 ifClientGender=F and 30 < Clientage == i)
88.76 1 ClientGender=F and It =~ Clientage -. 5\
89.79 1 ClientGender=F aml 5} < Clientage = 6l
92.45 ifClientGender=F and i} <~ Clientage <« 71
92.05 1fClientGender=F and Clientage = V0.

which are the mean average waist sizes for each age and gender bracket.

The formula for FWellScoreCardioAGen is given by:
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NIULL il ClientCardio=Y
ur ClientCardice=FALSE.
w1 ClientCardio=N
and CavgRisk <
t.(CAvgRiskGenage: 5 g, i ClientCardio=N
and »g 2 CAvgRisk & oas
ur if ClientCardio=N
aned ChavgRisk = 2.

FiWallScoraeCardichGen =

The FellWellScoreCardioSB and FWellScoreCardioAGenSB is obtained by:

FWellScoreCardioSB = felCAvgRiskSB: 5 g nn 1
FiWellSceraeCardicAGenSE = fo(RCarStEMIGendgs: 5 vardro i)

Where SCcardio,SB = {(xcst,yO), (xcsb],y]), (xcst,yZ), (xcsb_%y_?), (xcsb4,y4), (xcsb5,y5)}

ey —=CarStBm100:;
L) =CarStBmnB0:
Tty =CarStBmn70:
Tty =CarStBmb0:
Ty —=CarStBm20:
ety —CarStBmo.

Vo, V1. Y2, V3, Y4, Vs are obtained as explained in the calculation of FWellScoreCardio.
The x.500 and X505 are set to be 0.005 and 0.24, respectively. Xgspr, Xesb2, Xosh3, Xesbs T€
calculated by the following formulae:

Teai] = Fepers v perdionie s

Leair =P aond

. — '
Leand = hc-rrr-?.f{l R

. — =
Leaid = e g

10
The RCarStBMIGenAge is given by:

RCarStBMIGenige = C'SBAvgSteplenigedctl. ClientBMIGentge. ClientGender)

The subscores compared to healthy people in the population is calculated by:
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NOULL il ClientCardic=Y
or ClientCardic=FalLSE:
o i ClientCardio=N
aivd CAvgRisk < o
f.(CavgRisk: 5, gyt 1T ClientCardio=N
ad g <0 CAvgRask = s
ys 1l ClientCardic=N
aivd CAvgRisk = o s

FuellEcoreCardicHel =

NOLL U ClientCardio=Y
or ClientCardio=FalSE:
iy i ClientCardio=N
] CAvgRisk =0 2
i CAvgRiskGenAge: S iyl 1 ClientCardio=N
amd rep <8 CAwgRask = rop
iy i ClientCardio=N
awl CAvgRisk = » x.

FWellScoreCardioHel AGen =

where SCardior = |{(Xcro, Y0), (Xent, Y1), (Xenzs Y2), (Kens, ¥3), (Xenas Ya), (Xens, Vs)}, Xeno =
0.005, x.55= 0.15 and X1, Xci2, Xens, Xopa are calculated in the same way as X1, Xc2, X3,
x4, were calculated, but with fixed values for ClientBPR and ClientCarFamily such

that clientBPR=N; ClientCarFamily=N.

Diabetes

As above, other disease risk Health Subscores, such as diabetes, may be
determined according to embodiments herein. Briefly, a digital biomarker for diabetes
risk may be generated using at least some or all of the input information shown in
FIG. 17. Additionally, population data regarding steps, MV activity time, BMI, and
waist can be used as a baseline with which to compare the client. As with the
cardiovascular disease subscore, logistic models and curve functions can be used to
calculate the client’s diabetes risk DAvgRisk. A curve function can then be applied to
DAvgRisk to obtain the diabetes subscore Sy using various logistic models
requiring predetermined intercepts and coefficients. As above, the formulae for
calculating the diabetes subscores Sgiupe: and Sgiarerac) are given by:

NULL 1 YEGS = NO:
FWellBcoreDiabeSB 1 VHEU5 = YES aned

b = L50b="D1abetes Bazed aon JUST Steps&BMIM:

FlellScereDiabe i WVHDS = ¥ES el
LEGE="[1abetes Based an All Factors".
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NULL Al NVa4s = NO
FWellBScoreDiabelSBAGen 1l V395 = YES and
Sifiaber i = L595="Diabetes Based on JUST StepskBMI™:

FWellScereDiabelGen il V395 = YES and

LE9E="Di1aketes Based on All Factars".

where FWellScoreDiabe = f(DAvgRisk; SD), where SD = {(x, ¥o), (xa1, 1), X2

V2), (X3, ¥3), (Xaa, Y4), (Xas, V5)},

40 =DSBMP100;

.+, —DSBMP8O:

g2 =DSBMP70:

£y —=DSBMP5O:

43 =DSBMP20:

+07 —DSBMPO.
where the (x4, ¥o) and (xz, ys) are (0.015, 100) and (0.153, 0), respectively. The y; v,
V3, ya are fixed to be 86, 73, 61, and 49, respectively. The x4, Xpn, Xz, X, are
calculated according to the population data and the client’s age and gender, as was
done for x.;, X2, Xc3, Xc¢1n the cardiovascular disease section above. A plot showing
the pattern of the curve function to be applied to the client’s average risk of diabetes
DAvgRisk to obtain the diabetes subscore is shown in FIG. 18. For each one of the
models, four risks for diabetes are calculated ranging from poor, fair, good, and very
good by applying the same calculation as used to calculate RDial, RDia2, RDia3, and
RDia4 to those deciles. As with cardiovascular risk above, all numeric variables can

be replaced with corresponding deciles. The categorical variables remain the same.

Arthritis

As above, other disease risk Health Subscores, such as arthritis, may be
determined according to embodiments herein. Briefly, a digital biomarker of arthritis
risk may be generated using at least some or all of the incoming wellness information
including, without limitation, age, gender, waist in ¢cm, current BMI, daily average
steps, daily average MV activity in minutes, medical diagnosis on arthritis, treatment
that helps arthritis, etc. Additionally, population data regarding steps, MV activity
time, BMI, and waist can be used as a baseline with which to compare the client. As
with the other disease subscores, logistic models can be used to calculate the client’s

arthritis risk AAvgRisk. Logistic models requiring various predetermined intercepts
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and coefficients are used. A curve function can then be applied to AAvgRisk to obtain
the arthritis subscore Sy The formulae for calculating the arthritis subscores Sgysy
and Sginriac) are given by:

¢ NOLL if NhOG = No:
BB folAdwgRisk: 5.1) if VEOG = YES.

T NOOLE i N3G = NO:
AL t.(AdvgRiskAgaGen: 5.1} if N30G = YES.

where S4 = {(x40, Y0), (Xa1, Y1), (Xa2, ¥2), (X3, ¥3), (Xad, V4), (Xas, V5)}.

s —ASBMP100:
ru1 =ASBMPBO:
r0 =ASBMPT0:
3 —ASBMPSO:
41 =ASBMP20:
run =ASBMPO.

where the (x,0, Y0) and (x,s, ys) are (0.015, 100) and (0.4, 0) respectively. The y1, y2 vs,
4 are fixed to be 86, 73, 61, 49 respectively. The x,1, X, X,3, X, are calculated
according to the population data and the client’s age and gender, as was done for x;,
Xo2, Xc3, Xe4 10 the cardiovascular disease section above. For each one of the models,
four risks of arthritis are calculated ranging from poor, fair, good, and very good by
applying the same calculation as in calculating RAr71, RArt2, RArt3 to those deciles.
As with cardiovascular risk and diabetes risk above, all numeric variables can be

replaced with corresponding deciles. The categorical variables remain the same.

Lung Disease

As above, other disease risk Health Subscores, such as lung disease, may be
determined according to embodiments herein. Briefly, a digital biomarker of lung
disease risk may be generated using at least some or all of the incoming wellness
information including, without limitation, age, gender, waist in ¢cm, current BMI,
daily average steps, daily average MV activity in minutes, medical diagnosis on lung
disease, treatment that helps lung disease, etc. Additionally, population data regarding

steps, MV activity time, BMI, and waist can be used as a baseline with which to

PCT/CA2017/050481
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compare the client. As above, logistic models and curve functions can be used to
calculate the client’s lung disease risk LAvgRisk. A curve function can then be
applied to LAvgRisk to obtain the lung disease subscore Sy, using various logistic
models requiring predetermined intercepts and coefficients. The risk of lung disease

LAvgRisk can be obtained by:

|,
LAvgRisk = g[ﬁf.unl + Hloed+ BEanidi

where the RLunl, RLun2, RLun3 are the risks calculated from three models with a

plurality of variables/factors. The formulae for calculating the lung disease subscores

Shung and Spngu) are given by:

« NULL al V3097 = NG

T fe(LAvgRisk: SL1 il V50T = YES.

, o NULL Al V507 = No:
R f.{LAvgRiskAgeGen: 5L} 1l V507 = YES,

where SL = {(xi0, Yo), (X1, Y1), (12, ¥2), (X3, V3), (X4, Va), (x15, 5)}. And

i =LSBMP100:

11 =LSBMP8O:

10 =LSBMPTC:

15 —LSBMPEO:

.1y —LSBMP20:

rin =LSBMPO
where the (xj, yy) and (x5, ys) are (0.015, 100) and (0.18, 0), respectively. The y1, y».
3, va are fixed to be 86, 73, 61, 49 respectively. The x;1, X, X3, Xu are calculated
according to the population data and the client’s age and gender, as was done for x;,
Xo2, Xc3, Xe4 10 the cardiovascular disease section above. For each one of the models,
four risks of lung disease are calculated ranging from poor, fair, good, and very good
by applying the same calculation as used in calculating Rlunl, Riun2, Rlun3 to those
deciles. As with cardiovascular risk, diabetes risk, and arthritis risk above, all numeric
variables can be replaced with corresponding deciles. The categorical variables may

remain the same.

PCT/CA2017/050481
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Bodv Pain

As above, other disease risk health subscores, such as body pain, back pain

(e.g., lower back pain), may be determined according to embodiments herein. Briefly,
lower back pain risk health subscores may be generated using at least some or all of

5 input information including, without limitation, age, gender, waist in cm, current
BMLI, daily average steps, daily average MV activity in minutes, medical diagnosis on
lower back pain, treatment that helps lower back pain, etc. Additionally, population
data regarding steps, MV activity time, BMI, and waist can be used as a baseline with
which to compare the client. As above, population data regarding steps, MV activity

10 time, BMI, and waist can be used as a baseline with which to compare the client. As
with the other disease risk subscores, logistic models and curve functions can be used

to calculate the client’s lower back pain risk BAvgRisk. A curve function can then be
applied to BAvgRisk to obtain the arthritis subscore Sppaim. using various logistic
models requiring predetermined intercepts and coefficients. The risk of lower back

15  pain BAvgRisk can be obtained by:
BAvgRisk = %Hf’f,é’zpl — RLWp2 + ML)

where the RLbp1, RLbp2, RLbp3 are the risks calculated from the logistic models with
at least three groups of variables/factors. The formulae for calculating the lower back

pain subscores Sippain and Sippainac) are given by:

G NOLL O if NA)S = N0
20 TR f(BAvgRisk: S0 if VIOS = YES.

. NULL if X508 = NO:
SR f.iBAvgRiskAgeGen: 573] il \Ni50% = YES,

where SB = {(xz0, Y0), (Xo1, V1), (X22, V2), (X33, V3), (X4, V4), (X5, ¥5)}. And

iy —BSBMP100O:
riy =BSBMP80:
i =BSBMP70:
iy =BSBMPS0:
i1 —BSBMP20:
i, —BSBMPO
25  where the (xz0, Vo) and (xzs, ys5) are (0.015, 100) and (0.28, 0) respectively. The y1, y».
Vs, yq are fixed to be 86, 73, 61, 49 respectively. The xp1, Xpo, X3, Xp4 are calculated

according to the population data and the client’s age and gender, as was done for x;,
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Xo2, Xc3, Xo4 10 the cardiovascular disease section above. For each one of the models,
four risks of lower back pain are calculated ranging from poor, fair, good, and very
good by applying the same calculation as used in calculating RLbp1, RLbp2, RLbp3 to
those deciles. As with cardiovascular risk and diabetes risk above, all numeric
variables can be replaced with corresponding deciles. The categorical variables

remain the same.

Mental Health (or “VivaMind Score™)

According to further embodiments herein, the present systems and
methods may also provide Health Subscore indicative of the individual or group’s
mental health (referred to as a “VivaMind Score™; Sy,). Herein, a VivaMind Health
Subscore may be generated using incoming wellness information relating to different
mental health metrics including, without limitation, stress level (Sy;), level of
happiness (S;;), depression (Su,), and model based happiness analysis (Sk.), as
compared against the general population. VivaMind subscores relating to the general
population for any given age bracket and gender (Siasug) may comprise the average
of Ssiscuc)s Sinacys Saepracy» and Spauc). By way of example, the presents methods of
calculating subscores stress level (Sy), level of happiness (Si;), depression (S4.), and

model based happiness analysis (Sy,) are described below.

Stress

A stress subscore Sy; may be generated based on the inputs of a stress
contribution indicator (D610), which is a yes/no value that determines whether the
stress subscore contributes to the calculation of the client’s overall wellness score, and
the client’s rating of his/her stress level (StressLevel). The possible answers for
StressLevel are: “not at all stressful”, “not very stressful”, “a bit stressful”, “quite a bit
stressful”, and “extremely stressful”.

The stress subscore Sy; is given by:

NOOLL i DG = N0
N il DGHE= YES miel StressLevel=NOT AT ALL STRESSFUL:
S0 LGN = YES wie] StressLevel=NOT VERY STRESSFUL:
A 64 1 DGHE = YES mied Stresslevel=A BIT 3TRESSFUL:
S af PGHE= YES wind StressLevel=QUITE & BIT STRESSEFUL:
b DGHE = YES e Stresslevel=EXTREEMELY STRESSFUL:

PCT/CA2017/050481
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The subscore Sg;suc) 1s calculated based on contribution indicator (D610), the
client’s age (Clientage), and population distribution among the five levels of stress in
various age categories. Such data can be tabulated and stored, such as in an Excel™
spreadsheet as shown, for example, in FIG. 19.

5 If D610 = YES, the formula of S, 1s
et 1000
HHY 5 C2270 4 85« C2277 + 05« 22784+ 15 (02270 if Clientage -0 30t
D0 50 f22276 — 85« L2977 4+ G5 > 2275+ 15 ¢ £22270 if 30 < Clientage < -k
= DO s 73376 — 85 w 2377 4 6 = F2275 4 15 « 2270 if Ut = Clientage < hik
1) s F2270 4 S5« F2277 + 065 « F2278 — 10 < F2270 0f M0 < Clientage < Gk
WM s G220 4 85 s 2277 + 05 s« G22T8 4+ 10« 2270 if Clientage > Gl
where C-G combined with numbers 2276-2279 refer to the cells of FIG. 19,
containing percentages of the population who belong to each of the five levels of

stress, divided into five age intervals (20-29, 30-39, 40-49, 50-59, and 60+). If D610
10 =NO, then Sm(Ac;) = NULL.

Happiness Level

A happiness subscore Sy, may be generated based on the inputs of a happiness
contribution indicator (D611), which is a yes/no value that determines whether the
15  hapiness subscore contributes to the calculation of the client’s overall wellness score,
and the client’s rating of his/her happiness level (HappinessLevel). The possible
answers for HappinessLevel are: “Happy and interested in life”, “Somewhat happy”,
“Somewhat unhappy”, “Unhappy with little interest in life”, and “So unhappy that life

is not worthwhile”.

20 The happiness subscore Sy, is given by:

NULL if 11 = NO:
Iy if 11 = YES wud
Happinesslevel =HAPPY aND INTERESTED IN LIFE:
st [ = YES ad
HappinesslLevel=SOMEWHAT HAPPY:
S = 65 i [0 = YES sl
Happinesslevel=50MEWHAT UNHAPFY:
b oaf [ = YES anid
Happinesslevel=UNHAPPY WITH LITTLE INTEREST IN LIFE:
Doaf 2611 = YE3 and
Happinesslevel=50 UNHaAPPY THAT LIFE IS NOT WORTHWHILE.
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The subscore Syuq) 1s calculated based on contribution indicator (D611), the
client’s age (Clientage), and population distribution among the top four happiness
levels (with “Unhappy with little interest in life” and “So unhappy that life is not
worthwhile” levels being combined) in various age categories. Such data can be

5  tabulated and stored, such as in an Excel™ spreadsheet as shown, for example, in
FIG. 20.
If D611 = YES, the formula of Siua) 1s
St ac
LOO 5 CI2RE — TH o (2380 — 50 % 22000 02 < Clientage < 33
= ¢ NI = [X2288 4 Th o L2280 — 51) ¢ X200 4l 33 < Clientage = -1
HHE s BP288 4 75 s 2280 — 50 » 22000 il Clientage = Wi
where C-E combined with numbers 2288-2290 refer to the cells of FIG. 20,
10 containing percentages of the top four levels of happiness for the above three age

intervals (20-32, 33-34, and 36+). If D611 = NO, then Sy4c) = NULL.

Depression

As above, a depression subscore Sq,, may be generated based upon at least,

15 one or more inputs including age, gender, current BMI, daily average steps, medical
diagnosis on depression, treatment that helps depression, etc. As with disease risk
subscores above, logistic models and curve functions can be used to calculate the
client’s depression risk DepAvgRisk. A curve function can then be applied to
DepAvgRisk to obtain the depression subscore Sy, utilizing various logistics models

20 requiring predetermined intercepts and coefficients. In some embodiments, the risk of
depression can be calculated. In other embodiments, the formulae for calculating the

depression subscores Sy, and Sypuc) are given by:

G NOULL af D615 = NO:
it i DephvgRisk: S/ ) af 13 = YES.

o o NOLLif 13613 = NO:
e E.(DepAvgRiskageGen: 5[] 1f 13613 = YES,

25 where SDep = {(xdepO: yO): (xdep]: yj): (xdepZ: y2): (xdep_% y3): (xdep4: y4): (xdep5a y5)}: and
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I, iy —DepSEM00:
Tt —DepSBMEO:
i o —DepSBM7O:
1, s =DepSBM50:
T 01 =DepSBM20:
I, o —DepSEMO.

where the (xXgzp0, Vo) and (xzps, ys) are (0.05, 100) and (0.28, 0), respectively. The y;,
V2. 3, yq are fixed to be 86, 73, 61, 49, respectively. The Ximp1, Xaep2, Xdep3, Xdeps are
calculated according to the population data and the client’s age and gender, as done in
the disease risk analysis described herein. For each of the models, at least four risks
for depression can be calculated, ranging from poor, fair, good, and very good by
applying the same calculation as was used in calculating DepAvgRisk to those
deciles, that is, all numeric variables can be replaced with corresponding deciles. The

categorical variables remain the same.

Model Based Happiness

As above, a model based happiness subscore Sj,uc) may be generated based
upon at least, one or more inputs including gender, current BMI, daily average steps,
daily average MV activity in minutes, etc. As with depression and the disease risk
subscores above, logistic models and various parameters/constants can be used to
calculate the client’s risk of unhappiness utilizing various logistic models requiring
predetermined intercepts and coefficients. The risk of unhappiness can be calculated
from the client’s BMI UnHBMI, risk of unhappiness calculated from client’s MV
UnHMy, and risk of unhappiness calculated from client’s step count UnHSt. The
formulae for calculating the model based happiness subscores Sy, and Sj,uc) are given
by:

NOLL if PGl2 =N

(Hap3tScour — HapMvScour)/2 if JMil2 = YES

ane HapBmiScour=Law BMI

(Hap2tScour + HapMvEcour + HapBmiScour) /3 otherwise,

o —
=g —

. { NULE i P61 = N
-‘:'.f‘ir.‘l:_'l{'-'} =

- Myl . i 2 . :
HapSticourGenhoa Hap__J._c.aT.LrCenﬁ.ge HapBriZocour Gendge i I = YES,
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To calculate the subscores, three sub-subscores HapStScout, HapMvScour,

and HapBmiScourt must be calculated:

T+ (1 — 7

T4 (I =T«
4TG0 — B

HapBmitcour =

!

T (10— T s

TG0 — B0

S0 — (50 — 507 x>

(1) —0) »

Low EMI

» | UnHEMI HapEMISC
HapE¥IL(Q HapBXIAO

1 UnHE¥T HapB¥IBOM

| UnHEMI HapBMIS
HapEMIBD HapBMIS

| UnHEMI HapEMIO
HapEMIS HapEMIO

i ClientBMI = 1%.3

i 185 = ClientBMI < 31,17
aln]l ClientGender=NA
31T« ClientBMI < 3512
alwl ClientGender=NA

if 36,12 « ClientBMI < §5.3
aml ClientGender=NA

) if ClientBMI = 163

alw]l ClientGender=NA

if 15,5 =7 ClientBMI = 30,50

HapEN¥I100M HapEMISGM

«c | UnHBMI HapBMISY
HapEYIGOM HapBYIEM

: . 1 UnEEMI HapB¥IOH
CA0 (e L LOHEENL HaperobR
Ll — 1 DapEMIS® HapEMIOM

1 UnHE¥T HapB¥IADE

awl ClientGender=H
il 3086 =2 ClientBMI <2 36,12
anl ClientGender=HM
136,12 « ClientBMI < §5.3
alwl ClientGender=H
) i ClientBMI = 163

anl ClientGender=HM

HapENI100F HapEMIGGF

» | _UnHEMI HapEMISF
HapE¥IGOF HapEMIEF

40 _ i}y o ] UDEEMI HapBVIGF
Ll — 1 DapEMISE BapEMIOF

if 155 < ClientBMI =2 3105
andd ClientGender=F

i 3115 = ClientBMI < 35,12
aml ClientGender=F

i 36,02 < ClientBMI < 5.3
aid ClientGender=F

N ClientBMI = 1.3

al ClientGender=F

Let HSB( , ) denote HapBmiScour as a mathematical function of ClientBMI

and ClientGender, that is:

HapBmiScour = HSB{ClientBMI. ClientGender}

Then

HapBoiScourGenage = HSB{ClientBMIGendgs. ClientGender]

TO4+ (100 = 707 «
HapStScour = 50— (60 — Bl x

10— (b =

100

1 UnH5t HapatBD
Hap5tiGd HapStad

1 UnH5t Hapitk
Hap5tS0 HapZtk

1 UnH5t HapZto
HapZt® Hapztd

if ClientStephvghcti = 1HO00
if K223 < ClisntStephAvghcti
= 1500

it 20HHE < ClientStepAvghcti
o 5997

if ClientStephvghcti - 2000
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Let HSS( , ) denote HapStScour as a mathematical function of

ClientStepAvgActi and ClientGender. That is:

HapStSccur = H3S(ClientStepivghcti. ClientGender)

Then
5 HapStScourGenige = HSS(AvgStepGenigeicti. ClientGender]
133 i ClientMV = Ll
aln]l ClientGender=Na
T+ LI — T} X s AL 15T = ClaentMV < 30)
awvl ClientGender=NA
B+ (B — 501 < e il 1 = ClientMV = L§7
awvl ClientGender=NA
(1) — 1) « T D i ClientMV < |
aln]l ClientGender=Na
133 i ClientMV = hb
avl ClientfGender=M
T+ THHE = T} X e pgmes 1 011 = ClientMV < 55
HaohuS _ awvl ClientGender=M
apfiveront = Bt 4+ (69 — 50 x gy i1 133 % ClientMV < 6.1
awl ClientGender=M
19— 15 % Grienyomner 1 ClientMy - 1.33
all ClientGender=M
133 i ClientMV = .15
all ClientGender=F
= [ 1 UnHE¥vy  HapMuaoF LYY R : o
P (L= 7100 TapE¥e 100F HapBt.a0F if 368 < ClientMV = 15
awl ClientGender=F
B+ (69 — 5l x g e 1 0.7 = ClientMV < 3.68
alnl ClientGender=F
1] _ {4t o L UnEMy Hap¥voF - : T
O (S YR, —P_Hapr-z-.rsp H:pH;DF i ClientMV < (b7
alnl ClientGender=F
where ClientMV = max(0, ClientMV AvgActi). Let HSM( , ) denote HapMvScour as
a mathematical function of ClientMV and ClientGender. That is:
10 HapMv3cour = HSM[ClientMV. ClientGender).

Then
HapMvBcourfGenAge = HSMAvgMVGendpsicti. ClientGender].

The other constants involved are listed as follows:
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HapSt0OD1123 -1 — C1123
HapSt5G1123 = | — F1123
HapSt80[J1123] = | — 11123
HapSt100M1123 =1 — L1123
HapStOM[D1129] = | — C1129
HapStEM|G1129) = | — F1129
HapSt80M J1129 = 1 — 11129
HapSt100MM1129 :- 1 —L1129
HapStOF[D1135] = | — C1135
HapSt5F[G1135) = | — F1136
HapSt80F J1135 =1 — 11135
HapSt100FM1135 =1 — L1135
HapMvOD1124 = | - C1124
HapMv5'G1124 = | — F1124
HapMv80[J1124) = | — 11124
HapMv100'M1124 — | — L1124
HapMvOM[D1130] = 1 - C1130
HapMvSM[G1130] = 1 - F1130
HapMv8OM J1130 = 1 — 11130
HapMv100MM1130 = 1 — L1130
HapMvOF[D1136) — | — C1136
HapMvSF|G1136] = | - F1136
HapMvBOF J1136 = 1 — 11136

HapMv10OFM1136 — | — L1136
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HapBMIOD1125 =1 — C1125
HapBMI5 G1125 =1 — F1125

HapBMI80 J1125 = | — 11125
HapBMI100 M1125] = | — L1125
HapBMIOMD1131 — | — C1131
HapBMISMG1131 = | — F1131
HapBMISOM J1131] = | — 11131
HapBMI100MM1131 — | — L1131
HapBMIOF D1137 = | — C1137
HapBMISF G1137 — | — F1137
HapBMISOF J1137] = | - 11137
HapBMI100F M1137 — | — L1137

where A-M combined with numbers 1122-1131 are references to cells in a
spreadsheet containing data in respect to happiness levels of the general population
given various values of average daily steps, average daily MV, and BMI, as tabulated
in FIG. 21. The data may be separated into happiness levels for the male, female, and

overall population.

OVERALL WELLNESS

As above, the present computer-implemented system may further comprise the
processing of one or more of the at least one digital biomarker subscores to generate
at least one overall wellness scores, or “VivaMe Scores”. According to embodiments
herein, the VivaMe Score, denoted as S for convenience, may be generated using the
weighted average of some or all of the Health Behavior, Disease Risk, and Viva-Mind
Health Subscores, although any other appropriate means of calculating the overall
may be used. For example,

S=0.4%xSgp+0.4xSpr+0.2 X8

As above, the foregoing overall wellness score can be compared to general population
information such as, for example, individuals or groups of individuals that are similar

in age, gender, etc. Accordingly, Sug) may be generated as:

S(AG) =0.4 XSHB(AG) +0.4 XSPDR(AG) + 0.2 XSV M(AG)

PCT/CA2017/050481
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where the VivaMe score may be obtained by taking the average value of one or more
Health Subscores, as:

SHB =Round(Average(Sstp, Smv, gslpj Swei, Sbmi, Swst, Ssmk Sdrk Svr, Svt,
vm), 1

The average score of the general population information having the same age,
gender, etc., may be compared as:

SHB(AG) =Round(Average(Ssip(AG), Smv(AG), Ssip(AG), Swei(AG),
Sbmi(AG), Swst(AG), Ssmk(AG).Sdrk(AG), Sy AG), Svi(AG), Sym(AG)), 1)

As would be understood, the function “Average” as described herein need not
require the presences of every component. In other words, the present systems may
automatically ignore components that cannot be implemented in numeric calculation,
or it may automatically ignore scores/subscores because they have not been chosen to

contribute to the overall wellness information.

MORTALITY RATES

In addition to the foregoing, the present computer-implemented systems may
be operative to generate, based upon one or more of the Health Subscores, mortality
rates associated with said one or more Health Subscores. For example, mortality rates
associated with the individual or group’s age, cardiovascular disease, diabetes, etc.,
may be determined. The foregoing will now be described having regard to the

following examples.

Mortality Rate from Age

As an example, the overall probability of dying for someone in the client’s age
range, the overall life expectancy at the client’s age, and the mortality rate in the
client’s age range are calculated after obtaining the client’s age (Clientage), client’s
gender (ClientGender), population data of life expectancy in various age ranges, and
population data of probabilities of dying in various age ranges. As with all the other
population data, the population data regarding life expectancy and probabilities of
dying can be tabulated and stored on the general population database. The probability

of dying may be given according to Agerangel:
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67
if Clientage < I
if | =2 Clientage = 5
il 5 =2 Clientage =% [}
if 10 = Clientage <0 Lk
il 15« Clientags < 21);
if 20 < Clientags < 20
if 25 = Clientage <= 31
il 30 = Clientage < 35
il 35 <2 Clientage < UN
il 10 < Clientage < lin
if 15 =z Clientage = HIN
if 50 = Clientage < ik
i 55 « Clientage <= OI);
if 60 =2 Clientage < i
if 65 =2 Clientage < YIh
i 70 « Clientage < Tin
if 75 =2 Clientage < SIN:
i &80 < Clientage <& %5
if #5 < Clientags < )
if 90 = Clientage < )in
if 05 <« Clientage =2 101
if Clientage = 11k

The cumulative probability of dying (E375) is:
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Fi31h = o

"

0005958 i Agerangel = — 1
0.001021 W Ageranyel =2 — i
0.00059 M Agerangel =G — 1)
0.000705 i Ygerange | = 11 — 15
0002227 M Ageranyel = 16— 21
0.004158 W lgerangel =21 — 20
0.004869 i geranye | =26 — 31
0.005727 M geranye | =31 — 3
0.007072 M geranye | = 36 — 10
0.009949 i geranyel =11 — 1
0.015604 M gerange |l =16 — 20
0024272 M Agerangel =51 — S
0.035563 W gerenge | = 56— 01
0.05006 M Agerange l =G — 6
0071576 M geranye | = GG — 71
0.109091 M Agerangel =71 — T
0170567 M geranye | =76 — %1
0.271135 M geranye | = 81 — 8
0425836 M geranye | =236 — )
0.614587 M geranye | =91 — 0
0786379 M Agerange | =06 — 101,
1 M Ayerapyel == L,

68

The life expectancy (E376) for males is calculated below:

2139 if Clientage = ik
20 if 1= Clientags < |
COLHp— (O — 21 l % (Clientage-1)/1 if I = Clientage < I
C20 — (C20 — 72112 % [Clientage-5)/5 if & = Clientage =< Ik
R0 — (22— ('ll-lﬁ'] » (Clientage-107/5 if 1t <2 Clientage = I%i:
211 — (2103 — C2110) > {Clientage-15)75 if 15 < Clientage = 2(k
2L — (20 — 21157 > (Clientage-20)/75 if A« Clientage = 2
(2110 — (2105 — 21167 > {Clientage-26)/5 if 25 < Clientage = 3k
(2L — (2106 — C211T) % {Clientage-30)75 if 3« Clientage = 3h:
2017 — (2007 — C211%) » {Clientage-36)/5 if 35 < Clientage = ik
(T2LIS — (21058 — C2119) > {Clientage-40)/5 if U« Clientage = 1k
370 = LW — (2109 — 21507 % {Clientage-45)75 if 15« Clientage = Hik

(2100 — (2150 — 2151 % {Clientage-50)/5 if Hi = Clientage = hh:
(72051 — (2151 — C2152) » {Clientage-55)/5 if 3h < Clientage = Gik
(721502 — (2152 — ("2153) % {Clientage-60)75 if il «= Clientage = Gh:
(72103 — (2153 — C2151) % {Clientage-65)/5 if 68 - Clientage = Tik
(72000 — (2050 — C2155) » {Clientage-70)/5 if 7« Clientage = Th:
(72105 — (2155 — C2156) % {Clientage-T75)/5 if 7h = Clientage = 3k
(2100 — (2156 — C2I5T) x {Clientage-807/5 if 8t < Clientage = 3h:
(T2107 — (2157 — C2158) > {Clientage-85)75 if 85 < Clientage = Mk
(72108 — (21558 — (2150) x {Clientage-90)75 if Dl «- Clientage = W
(2100 — (2159 — (21607 x {Clientage-95)/3 if Oh < Clientags =< I{Hk

(2160 if Clientage = 100.
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where C2139-C2160 refer to the cells of FIG. 22, which contains example data
regarding the life expectancy of the general population at different ages. As above,
general population data may be continuously and automatically collected from a
variety of sources including, without limitation, the Canadian National Vital Statistics

5 Reports, Vol 64 No, 2, February 16, 2016. To calculate life expectancy for females,
the same calculations as above are performed with references to column “C” replaced
by column “D”,

The overall mortality rate per 100,000 individuals (E379) is:

— | amdl ClaientGender=M;
1 aned ClientGender=M:
— .l and ClientGender=M:

120901 Agrrange2 =1
12091 if Agrrang2 =2 —
120921 Agrrang?2 =14
120931 Agrrange2 =1
2
3
]

& — 20 and ClientGender=M:

12094 if Agrrang-? =25 — 3 and ClientGender=M:

12095 if Agerange? =35 — I and ClientGender=M:

12098 if Agrrange? =15 — 51 and ClientGender=M:

12097 if Agerange? =55 — 6l and ClientGender=M:

12098 i Agrrang-? =65 = 71 and ClientGender=M:

12099 if Agrrange? =75 — 81 and ClientGender=M:

parg — J 12100 if Agrrangs? === 30 and ClientGender=M:

| anel ClientGender=F:
1 anel ClientGender=F:
— .l andd ClientGender=F:
21 aned ClientGender=F:
- % | ancd ClientGender=F:
J2095 if Agrrang-? =35 — Ll and ClientGender=F:
J2096 if Agrrange2 =10 — 51 and ClientGender=F:
1
1
1

J2090 it Agrrang2 =10 —
J2091 if Agrrange? =2 —
J2092 1 Agrrange?2 =14
J2093 i Agrrange2 = 1
J2094 it Agrrange2 = 2

3

A

J2097 if Agrrange2 =53 — 6. and ClientGender=F:
J2098 it Agrrange2 =60 — 71 and ClientGender=F:
J2099 if Agrrange? =75 — Bl and ClientGender=F:
J2100 af Agrrangs? === 35 and ClientGender=F.

10
where 12090-12100 and J2090-J2100 refer to the cells of FIG. 23, which contains data

regarding the mortality rate of the general population per 100,000 individuals, as
obtained from the Canadian National Vital Statistics Reports, Vol 64 No, 2, February
16, 2016.

15 Agerange?2 can be specified as follows:
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[ 00— 1 if Clientage < I:
2—1 1 | =« Clientage <= -I:
H—11 i l- Cllentage < LI
1h—21 1if Il e Clientage < 2L
25— 31 if 21 < Clientage =2 31
Agerange?2 = ¢ 35— 11 il 31« Clientage =0 LI
A5 =51 af I < Clientage = 51
Bh—G1 af 51 < Clientage =2 6.1
Gh — 71 M 61 < Clientage =2 7.1
th—al af 7l e Cllentage < =6
| =230 ] Cllentage = omi.

Mortalitv Rate Due to Cardiovascular Disease

As another example, certain risks associated with the mortality of
cardiovascular diseases can be generated based on the client’s age (Clientage), client’s
gender (ClientGender), client’s BMI (ClientBMI), client’s daily average steps
(ClientStepAvgActi), client’s medical diagnosis on cardiovascular diseases
(ClientCarDis), and the effect of treatment on the client’s cardiovascular disease
(CardioSitu), wherein general population distribution data regarding average daily
steps, BMI, life expectancy, probabilities of dying, and mortality rates are also
considered. Logistic models can be used to predict mortality due to cardiovascular
disease using the above incoming wellness information, and the results can be
tabulated and stored as, for example, shown in FIGS. 22 and 23, showing life
expectancy and mortality per 100,000 individuals, respectively, as well as FIG. 24
showing the probabilities of dying for various age ranges. Using such general
population information, mortality rate statistics can be calculated such as, without
limitation, the following: Mortality rate per 100,000 individuals (mortHD) for people
with heart diseases in the client’s age range (Agerange?), Mortality rate due to heart
disease based on average daily steps for client (E384); Mortality rate due to heart
disease based on average daily steps for client and client’s gender (F384); Mortality
rate due to heart disease based on average daily steps for client and client’s age and
gender (G384); Mortality rate due to heart disease based on client’s daily steps and
BMI (E385); Mortality rate due to heart disease based on daily steps, BMI and
client’s gender (F385); Mortality rate due to heart disease based on daily steps, BMI
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and client’s age and gender (G385). First, the AvgSteps, AvgStepGender,
AvgStepGenAge, ClientBMIGender, and ClientBMIGenAge are calculated.

Avgdteps = ClientStephvehcti

9070 + Adjuet if ClientGender=M:
AvgStepGender = { 7779 + Adjust if ClientGender=F:
B419 + Adjust if ClientGender=NA.

where the above are the mean step counts for each gender overall.

AvgStepGendge

r

9224 + Adjust f ClientGender=NA sl Clientage = 31k
8830 + Adjustifl ClientGender=Na al 30 < Clientage < 1)
8941 + Adjustil ClientGender=Na qanl 1) < Clientage < HI):
8264 4+ Adjustil ClientGender=Na ad 51) <2 Clientage < HI):
7368 4+ Adjustil ClientGender=Na il H1) <2 Clientage < V1)
6237 + Adjustif ClientGender=Na awlClientage = 71k

0848 + Adjust if ClientGender=M ancl Clientage <o 30
9422 + Adjustif ClientGender=Mand 3t < Clientage < -k
9837 + Adjustif ClientGender=M .l Ut < Clientage < NHik
8687 + Adjust il ClientGender=M and Bt < Clientags - Glk:
7878 4+ Adjust il ClientGender=M and Gt < Clientags -« 7k
6906 + Adjustif ClientGender=M el Clientage = 70

8534 + Adjust f ClientGender=F and Clientage < 30:
8280 4+ Adjustil ClientGender=F and 3t < Clientags -« 1k
8010 4+ Adjust il ClientGender=F and Ht < Clientags -« hik
7867 + Adjustil ClientGender=F ancd bt < Clientage - Gk
6880 + Adjust il ClientGender=F and Git < Clientage - 7k
8677 + Adjustif ClientGender=F el Clientage = 70

where the above are mean step counts for each age bracket and gender.

28 il ClientGender=M:
ClientBMIGender = 28 il ClientGender=F:
28 il ClientGender=Na.

where the above are the mean BMI values for each gender overall.
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ClientBMIGenAge

26 if ClientGender=NA anud Clientage < 3t
28 if ClientGender=NA and 30 < Clientage - I\
28 if ClientGender=NA and 112 Clientage = 5l
28 if ClientGender=NA and ) < Clientage - 6il):
28 if ClientGender=NA nd i) == Clientage = Tl
28 if ClientGender=NA and Clientage o+ 710
28 il ClientGender=M aud Clientage = 3U:
27 if ClientGender=M and 300 <~ Clientage - M

, 28 If ClientGender=M an 10 <. Clientage < N

] 29 if ClientGender=Mand 50 <2 Clientage < Gl
28 if ClientGender=M and i) -7 Clientage - 7l
28 if ClientGender=Mal Clientage == Tk
28 if ClientGender=F and Clientage - 3l
29 if ClientGender=F and 3(h < Clientage < -k
29.23 1If ClientGender=F and 0} <2 Clientage « M
27 if ClientGender=F awl 51} =2 Clientage < )
28 if ClientGender=F and 61} <2 Clientage < Tk

| 27 it ClientGender=F avl Clientage = Tik

where the above are the mean BMI values for each age bracket and gender.

The mortality rate statistics above can then be calculated as, for example:

1. The mortality rate (mortHD) for people with heart disease is given by:
([ E2080 i Agrrangs2 =1) — 1
E2091 1 Agrrange2 =2 — 1.
E20921 Agerange2 =15 - LI
E2083 1 Agrrunge2 =15 - 2L
E2094 i Agerange? =20 — 3L
mortHD = { K2095 i ‘lgrrang2 =35 — | L
K2096 1 Agrrnge? =10 — 5L
E2097 i Agernge? = 50 — 6.1
K2098 1 Agrrnge? =60 — 7L
E2099 1 Agrrungs2 =75 — &L
E2100 if gerange? === 55

where K2090-K2100 refer to the cells of FIG. 23.

2. The mortality rate (E384) due to heart diseases based on average daily steps of

the client is given by:
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12351 =0 CS(AvgSteps. nortClientfardio. ClientGender)
FALSE il mortClientCardioe=FALSE:
mortHD il mortClientCardio=Y
nortHD x logistic{CSIntM + C83tM « AvgSteps] il mortClientCardio=N
anel ClientGendsr=M:

nortiD x logistic{CSIntF + CSStF « AvgSteps) il mortClientCardio=N
anel ClientGender=F.

where MCS( , , ) denotes E384 as a function of AvgSteps, mortClientCardio,
and ClientGender.

3. Similarly, the mortality rate (F384) due to heart diseases based on average
5 daily steps for the client’s gender is given by:

F384 = MCS(AvgStepGender, mortClientCardio, ClientGender)

4. The mortality rate (G384) due to heart diseases based on the average daily

steps for the client’s gender and age is given by:
G384 = MCS(AvgStepGenAge, mortClientCardio, ClientGender)

10 5. The mortality rate (E385) due to heart diseases based on the average daily
steps and BMI of the client is given by:

F385 =AICSB{ avgSteps. ClientBMI. mortClientCardio. ClientGender)

FALSE 1if mortClientCardice=FAL3E:
mortHD i mortClientCardic=Y
mertHD x logiztie [CSBIntM + CEBStM  if mortClientCardic=N
« AvgSteps — C3BbmiM » ClientBMI  amvd ClientGender=M:
—C3BStbmiM =« AvgSteps » ClientBMI]
mertHD x logiztie [CSBIntF + CEBStF  if mortClientCardic=N
« AvgSteps — C3BbniF » ClientBMI  andd ClientGendsr=F.
—CSBSthmiF = AvgSteps » ClientBMI]

where MCSBY( ., , ., ) denotes E385 as a function of AvgSteps, ClientBMI,
mortClientCardio, and ClientGender.

15 6. Similarly, the mortality rate (F385) due to heart diseases based on average
daily steps and BMI for the client’s gender is given by:
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F385 = MCSB(AvgStepGender, ClientBMIGender, mortClientCardio,
ClientGender)
7. The mortality rate (G385) due to heart diseases based on average daily steps

and BMI for the client’s gender and age is given by:

G385 = MCSB(AvgStepGenAge, ClientBMIGenAge, mortClientCardio,
ClientGender)

Mortality Rates of Diabetes

As another example, certain risks associated with mortality due to diabetes can
be calculated based on the client’s age (Clientage), client’s gender (ClientGender),
client’s BMI (ClientBMI), client’s daily average steps (ClientStepAvgActi), client’s
medical diagnosis on abnormal blood pressure (ClientBPRDis), the effect of treatment
on the client’s abnormal blood pressure (BPRSitu), client’s medical diagnosis on
diabetes (ClientDiaDis), the effect of treatment on the client’s diabetes (DiabeSitu),
and client’s family history of diabetes (ClientDiaFamily), whereby population
distribution data regarding daily average steps, BMI, waist size, life expectancy,
probabilities of dying, and mortality rates are also provided. Using the above data,
without limitation, one ore more mortality rate statistics can be calculated including;
Mortality rate per 100,000 individuals (mortDia) for people with diabetes in the
client’s age range (Agerange4), Mortality rate due to diabetes based on average daily
steps, BMI, MV, waist size, ClientBPR, and ClientDiaFamiliy for client (E439);
Mortality rate due to diabetes based on average daily steps, BMI, MV, waist size,
ClientBPR, and ClientDiaFamiliy, and client gender (F439); Mortality rate due to
diabetes based on average daily steps, BMI, MV, waist size, ClientBPR, and
ClientDiaFamiliy, and client age and gender (G439). First, the AvgMVGenActi,
AvgMVGenAgeActi, AvgWaistGen, and AvgWaistGenAge are calculated.

22.261982 il ClientGender=M:
AvgMVGentcti = ¢ 17.692627 if ClientGender=F:
16.933881 if ClientGender=NA.

where the above are the mean MV values for each gender overall.



WO 2017/181278 PCT/CA2017/050481

75
27261345 il ClientGender=Na wiul Clientage = 31
22877719 il ClientGendar=NA aml 3] < Clientage < |1
21.183897 il ClientGender=NA aml 1) << Clientage = 50
18.057031 il ClientGender=NA aml 3 <C Clientage = 61}
13.165338 il ClientGender=NA aml O <X Clientage = 710
9.948715 il ClientGender=NA amd Clientage = 71
29981944 il ClientGender=M and Clientags < 3k
25991409 il ClientGender=M aidl 3l < Clientages < Ak
. 24.419647 il ClientGender=Maul Ul < Clientage < hik
AvgMVGenhgehets =9 g'gesr3s il ClientCender=M and 5t = Clientage = Gl
13.874513 il ClientGender=M winl G = Clientage -« ik
11.686853 il ClientGender=M il Clisntags = 7k
24.308956 il ClientGender=F and Clientags - Jh
20.014397 il ClientGender=F minl 3l < Clientage « Ik
17.935525 il ClientGender=F wiul 1t < Clientags - hik
17.30886 il ClientGender=F il Bl = Clientage - Gk
12.49993 ifClientGender=F il Gl = Clientage - 7k
8.529678 ifClientGender=F sl Clientage = 7ik
where the above are mean MV values for each age bracket and gender.
96.43 il ClientGender=M:
hvgWailstGen = { BR.36 il ClientGender=F:
92.38 il ClientGender=NA4.
where the above are mean values for waist size for each gender overall.
85.5 il ClientGender=Na wml Clientage < 30
89.95 il ClientGender=NAa amd 30 <2 Clientage = 0
92.88 il ClientGender=NA and 1) << Clisntage = 51);
95.34 il ClientGender=NA amd 3} < Clientage = 61);
97.38 il ClientGender=NA awd ) < Clientage < 71N
96.39 il ClientGender=NA amnl Clientage = 71k
87.24 il ClientGender=M and Clientage - 3k
94 il ClientGender=M wal 3t = Clientage = Uk
AvgWaistGendge = 96.85 ?I‘ClientGender=M ancl b= Clientage - Bk
101.26 il ClientGender=M wand Bl < Clientage = Gk
102.6 il ClientGender=M wal 3l <= Clientage = 7k
101.57 il ClientGender=M il Clientage = 7k
R3.61 il ClientGender=F and Clientage - 3k
85.98 il ClientGender=F wnl 3 < Clientage = Uk
88.76 il ClientGender=F andd b < Clientage - Nk
89.79 il ClientGender=F wd Bl < Clientage = (Hh
92.45 il ClientGender=F wl (I = Clientage = 7k
92.05 il ClientGender=F wil Clientage = 7k

where the above are mean values for waist size for each age bracket and gender.
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The mortality rate statistics above can then be calculated:

1. The mortality rate (mortDia) for people with diabetes is given by:
[ L209000 Yye rawye2 = (= 1
L2091l yerapnye2 =2 —
L2092l yeranygpe2 =5 — |
L2093 lyeranye2 = 1 —
L2094l dye rapye2 = 25 —
mortDia = ¢ L209510 lyeranye = 30 —

Pule N

L20961( ye raye 2
L2097l Ayeramye? =1
L2093 ye ranye2 = G
L2099l ye ranyed = 7!

L L2100 16 Ayerange2 =

ot

Pl S

o
|

s S
ey 4

s s D T T e D B e T

[y A S IR

where L2090-L2100 refer to the cells of FIG. 23.

5 2 The mortality rate (E439) due to diabetes based on average daily steps, BMI,
MV, waist size, blood pressure situation (BPRSitu) and family history of
diabetes (ClientDiaFamily) is given by:

1[0 — mortDia i ClientDiabetes=Y:
7] mortDia x DAvgRisk othorwise.

where DAvgRisk = (RDial + RDia2 + RDia3)/3 and

Ffdal = DSBF{ClientStepavgicti. ClientBMI. ClientDiaFamily. ClientGender):
Efdia? = DMDBDP(ClientMVAvgActi. ClientBMI. ClientBPR. ClientGender):

10 [ = DW/{ClientWaist. ClientGender}.

3. Similarly, the mortality rate (F439) due to diabetes based on average daily
steps, BMI, MV, waist size, blood pressure situation (BPRSitu), family history
of diabetes (ClientDiaFamily), and client’s gender is given by:
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1150 — mortDia if ClientDiabetes=Y:
77 7 ] mortDia < DAvgRiskGender oilwrwise,
where DAvgRiskGender = (RDiaGen1 + RDiaGen2 + RDiaGen3)/3 and
Diinl — DSBF(AvgStepGender. CleintBMIGender. ClientDiaFamily.
ClientGenderi:

BDiaCon2 — DNIBDP{AvgMVGenActi. CleintBMIGender. ClientBPR. ClientGender):
Doy = DWiAvgWaistGen. ClientGender).

4, The mortality rate (G439) due to diabetes based on average daily steps, BMI,
MV, waist size, blood pressure situation (BPRSitu), family history of diabetes
(ClientDiaFamily), and client’s gender is given by:

130 — mertDia if ClientDiabetea=¥:
TP T | mortDia < DAvgRiskGenAge ol herwise,

FINANCIAL IMPLICATIONS

As above, the present systems may be further utilized to estimate or predict the
costs of various diseases and savings that could be associated with various behavioral
changes or changes in personal characteristics, such as increased physical activity or
decreases in weight, providing the advantage that the costs or financial implications of
an individual’s or group’s overall wellness can be estimated or predicted, and
improved. By way of example, a financial HRA can be calculated to provide useful
statistics regarding the cost of, without limitation, cardiovascular diseases, diabetes,

etc.

Cost of Cardiovascular Diseases

By way of example, certain metrics relating to the cost of cardiovascular
diseases can be generated based upon, without limitation, the following incoming
wellness information: Age, Gender, Client’s current BMI, Client’s daily average
steps, Client’s daily average MV activity time in minutes, Whether client’s blood
pressure is abnormal, Whether treatment helps client’s abnormal blood pressure,
Client’s medical diagnosis on cardiovascular diseases, Whether treatment helps
client’s cardiovascular disease, and the client’s geo-location (i.e. which Province the

Client lives in). As above, general population data regarding steps, MV, BMI, and
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waist can be used as a baseline with which to compare the client. Additionally, the
provincial average annual cost per person on cardiovascular diseases is provided.
Certain metrics of cardiovascular disease cost can be calculated, such as: Average
annual cost per person on cardiovascular diseases for client with cardiovascular
disease (I1730); Average annual cost per person on cardiovascular diseases for client
(I732); Average annual cost per person on cardiovascular diseases for client’s gender
group (CostCardioClientGen); and Average annual cost per person on cardiovascular
diseases for client’s gender/age group (CostCardioClientAGen). The metrics can be
calculated as follows:

1. The average annual cost per person on cardiovascular disease for client with
cardiovascular diseases 1730 is simply the number reported on the provincial report of

the cost of cardiovascular diseases in the province.

18513 if Location=BC:
18513 if Location=AB:
18513 if Location=8K:;
18513 1l Location=MB:
18513.4 it Location=0N:
730 = 185134 if Location=NB:
18513 if Location=PE:
18513.38 if Location=NS:
185134 1l Location=NL:
18513.38 1 Location=QC
ar Location=Unknown.

2. The average annual cost per person on diabetes for the client 1732 is given by:

FALSE il ClientCardia=FALSE:

{132 = 30l ClientCardio=T:
17310« CavgRask  otherwise,
3. The average annual cost per person on diabetes for client’s gender group

CostCardioClientGen is given by:
FLLSE il ClientCardie=FALSE:

CostlardioClientien = IT30 il ClientCardia=Y:
I3 avgRickCardiefienHel  othorwise,

where AvgRickCardioGenHel is calculated by the following formula:
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AvgRickCardioGenHel ={C'SBF(AvgStepGendcti.
CleintBMIGender. ClientCarFamily=N;

— CAIBF (AvegMVGendctl. CleintBMIGender. ClientCarFamily =N}

— 'SP avgStepGenacti. ClientBPR=N. ClientGender]

— CBP(CleintBMIGender. ClisntBPR=N. ClisntGender)

— CAIP AvgMVGenhActi. ClientBPR=N.ClientGender;

— CWiAvgWaistGen. ClientGendsr); /(.

and AvgStepGenActi = AvgStepGender

4, The average annual cost per person on diabetes for client’s gender/age group
CostCardioClientAGen is given by:

FAL3E 1l ClientCardic=FALSE:

CostlardioClientafien= I3 il ClientCardio=¥Y:
1730 x AvgRickCardiofGendgeHel othorwise,

where AvgRickCardioGenAgeHel is calculated by the following formula:

AvgRickCardioGenhgeHel ={CSDBF{AvgStepGendpgelcti.
ClientBMIGentge. ClientCarFamily=N;

— COMNBF(AvghMVGendgeActi. ClientBMIGenAge. ClientCarFamily=N]

— C5Pi{avgStepGenfgetcti. ClientEPR=N. ClientGender)

— CBPiClientBMIGenage. ClientBPR=N. ClientGender;

— CANIDP{avgMVGentgedcti. ClientBPR=N. ClientGender]

— CU'WiavgWaistGenhge. ClientGender) /G,

Cost of Diabetes

As another example, certain metrics relating to the cost of diabetes can be
generated based on the following inputs: Age, Gender, Client’s current BMI, Client’s
daily average steps, Client’s daily average MV activity time in minutes, Whether
client’s blood pressure is abnormal, Whether treatment helps client’s abnormal blood
pressure, Client’s medical diagnosis on diabetes, Whether treatment helps client’s
diabetes, Client’s family history shows diabetes, and the geo-location (i.e. the
province that Client lives in). As above, population data regarding steps, MV, BMI,
and waist can be used as a baseline with which to compare the client. Additionally,
the provincial average annual cost per person on diabetes is provided. Certain metrics

of diabetes cost can, without limitation, be calculated including: Average annual cost
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per person on diabetes for client with diabetes (1737); Average annual cost per person

on diabetes for client (I739); Average annual cost per person on diabetes for client’s

gender group (CostDiaClientGen); and Average annual cost per person on diabetes

for client’s gender/age group (CostDiaClientAGen). Certain metrics can be calculated
5  as follows:

1. The average annual cost per person on diabetes for client with diabetes 1737 is

simply the number reported on the provincial report of the cost of diabetes in the

province:

(37171 if Location=BC:
4746 if Location=AB:
5286.5 if Location=58K:
4992.1 i Location=MB:
3954.05 H Location=0N:
1737 = 4190.17 if Location=NB:
4850 i Location=PE:
4203523 1f Locati1on=NS:
5018.31 f Location=NL:
4880 1 Location=QC

! or Location=Unknown.

10 2. The average annual cost per person of diabetes for client 1739 is given by:

FALSE if ClientDiaketes=FALSE:
Fiat = IT37 il ClientDiabetes=Y.
737 = DAvgRisk odlwrwise,
3. The average annual cost per person of diabetes for client’s gender group
CostDiaClientGen is given by:
FALSE il ClientDiabetes=FALSE:
CostDiaClientGen = [737 il ClientDiabstes=Y:
[737 x AvgRiskDiabGenlel otlicrwise,
15 where AvgRiskDiabGenHel is calculated by the following formula:

AvgRiskDiablGenHel =(DSBF(AvgStepGenicti. CleintBMIGendsr.
ClientDiaFamily=N.ClientGendsr)

+ DAIBDP {AvgMVGentcti, CleintBMIGender. ClientBPR=N. ClientfGender]

+ DW{AvegWaistGen ClientGender /3.

4, The average annual cost per person of diabetes for client’s gender/age group

CostDiaClientAGen is given by:
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FALSE 1if ClientDiabetes=FaALSE:
CostDiaClientiGen = i737 U ClientDiabetes=Y:
f737 » AvpRiskDiabGendpeHel uoilicrwise.

where AvgRiskDiabGenAgeHel is calculated by the following formula:

hvgRiskDiabGenigeHel=iDSDBF{avgitepGenhgedcti. ClientBMIGenage.
ClientDiaFamily=N. ClientGender)

+ DAIBP{ AvgMVGenAgsticti. ClientBMIGendge. ClientBPR=N. ClientGender;

+ DWiavgWaistGenlige. ClisntGendsr}/3.

The terms and expressions herein are used as terms of description and not as
limitation. Although the particular embodiments of the present systems described
have been illustrated in the foregoing detailed description, it is to be further
understood that the present invention is not to be limited to just the embodiments

disclosed, but that they are capable of numerous rearrangements, modifications, and

substitutions.
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WE CLAIM:

1. A computer-implemented method for determining wellness of an individual, the

method comprising:

providing a processor, in electronic communication with at least one or more
device adapted to receive and transmit specific incoming wellness information

about the individual,

providing a general population information database, in electronic
communication with the processor, for receiving and transmitting general

population information to the processor, and

receiving, at the processor, the specific incoming wellness information about
the individual from the at least one or more devices and the general population

information from the general population information database, and

processing the specific wellness information and the general population
information to generate at least one digital biomarker subscore indicative of
the individual’s wellness according to the specific wellness information, as

compared against the general population information, and

generating output information of the at least one digital biomarker subscore

and transmitting the output information to the at least one or more devices.

2. The method of Claim 1, wherein the specific wellness information comprises
physical, behavioral, emotional, social, demographic and/or environmental

information about the individual.

3. The method of Claim 1, wherein the specific wellness information comprises at
least age, gender, height and weight, waist circumference, physical activity,
minutes of moderate/vigorous activity, sleep patterns, smoking habits, drug and

alcohol consumption, nutrition, family history, pain, stress and happiness levels,
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resting heart rate, exercise heart rate, heart rate variability, presence of pre-
existing disease, job type, geo-location, EEG, voice data, breathing data, blood

biometrics, body composition (DXA), and aerobic fitness (VO2max).

4. The method of Claim 1, wherein the digital biomarker subscores may be

indicative of health behaviors, chronic disease risk, mental health or mortality.

5. The method of Claim 5, wherein the health behaviors may comprise information
about, at least, steps taken per day, moderate to vigorous activity levels, sleep
patterns, body mass index, waist circumference, smoking habits, drinking habits,

nutritional habits, and aerobic fitness.

6. The method of Claim 5, wherein the disease risk may comprise information about,

at least, cardiovascular disease, diabetes, arthritis, lung disease, and pain.

7. The method of Claim 5, wherein the mental health subscore may provide
information about, at least, stress levels, happiness levels, depression, and model-

based happiness.

8. The method of Claim 5, wherein the mortality subscore may be determined
utilizing information comprising age, risk of cardiovascular disease, and risk of

diabetes.

9. The method of Claim 1, wherein the digital biomarker subscores may be
generated in an interactive manner, wherein the individual may predict or estimate
how changes to one or more of the digital biomarker subscores changes their

wellness.

10. The method of Claim 1, wherein the digital biomarker subscores may be
generated in an interactive manner, wherein the individual may observe the digital
biomarker subscores of other individuals or groups of individuals for interaction

therewith.
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11. The method of Claim 1, wherein the method may be utilized to estimate or predict

financial implications of the individual’s wellness.

12. The method of Claim 1, wherein the wellness information may be utilized to
create and optimize health-related programs and products, insurance programs and

products, and wellness support programs and products.

13. The method of Claim 1, wherein the method further comprises the processing of
one or more of the at least one digital biomarker subscores against further general

population information to generate an overall wellness score for the individual.

14. The method of Claim 1, wherein the method may be utilized to determine the

wellness of a group of individuals.

15. A computer-implemented system for determining the wellness of an individual,

the system comprising:

at least one device adapted to receive and transmit incoming wellness

information about the individual,

at least one general population database, operative to receive and
transmit incoming wellness information from the at least one device

and at least one processor, and

at least one processor, in electronic communication with the at least
one device and the general population database, the processor
operative to receive the incoming wellness information from the at
least one device and the general population information from the
database, and to process the information to generate at least one digital
biomarker subscore indicative of the individual’s wellness according to
the specific incoming wellness information as compared against the

general population information, and to generate at least one output
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16.

17.

18.

19.

20.
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indicative of the at least one digital biomarker subscore and

transmitting the output to the at least one device.

The system of Claim 15, wherein the incoming wellness information and the

general population information are transmitted via wired or wireless signaling.

The system of Claim 15, wherein the incoming wellness information is received
and transmitted by the at least one device automatically, manually, or a

combination thereof.

The system of Claim 15, wherein the incoming wellness information is received
and transmitted by the at least one device intermittently, continuously, or a

combination thereof.

The system of Claim 15, wherein the at least one device may comprise, at least,
any device having a user interface, cloud computing, or application program

interfaces.

The system of Claim 19, wherein the at least one device may comprise one or

more wearable device.
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Curve function for BMI subscore
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TABLE 1 - Factors relative to Smoking Health Subscore
Input Variable Name Question Possible Values

ClientSmoke The client has never smoked? Y/N

ClientSmokeFO If ClientSmoke = N, was the client | Y/N
a former occasional smoker?

ClientSmokeFOYear If ClientSmokeFO =Y, howmany | 1,2, ...,9, 10, NA
years has it been since the client
has stopped smoking?

ClientSmokeFD If ClientSmoke = N, was client a Y/N
former daily smoker?

ClienbtSmokeFDNu If ClientSmokeFD =Y, how many | 1,2, ...,9, 10, NA
years has it been since the client
has stopped smoking?

ClientSmokeAQO If ClientSmoke=N, is client always | Y/N
an occasional smoker?

ClientSmoke AODa If ClientSmokeAO =Y, howmany | 1,2, ..., 29, 30, NA
days has it been since the client has
smoked one cigarette or more?

ClientSmoke AOCig If ClientSmokeAO =Y, how many | 1,2, ..., 39, 40, NA
cigarettes did the client smoke per
day?

ClientSmokeOS If ClientSmoke = N, is the clientan | Y/N
occasional smoker and a former
daily smoker?

ClientSmokeOSNu If ClientSmokeOS = Y, howmany | 1,2, ..., 29, 30, NA
days has it been since the client
smoked one cigarette or more?

ClientSmokeOSCig If ClientSmoke=N, is the client a Y/N
daily smoker now?

ClientSmokeD If ClientSmoke = N, is the client a Y/N
daily smoker now?

CigarNumber If ClientSmokeD =Y, how many 1,2,...,39, 40, NA
cigarettes does the client smoke a
day?

Fig. 8
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client a former drinker?

Input Variable Name Question Possible Values
ClientDrkND The client has never drank Y/N

alcohol?
ClientDrkFD If ClientDrkND = N, is the Y/N

ClientDrkFDNu

If ClientDrkFD =Y, how many
years has it been since the
client stopped drinking?

1,2,3,4,5+

ClientDrkOD

If ClientDrkND = N, is the
client an occasional drinker
(Men 14 or fewer drinks per
week; Women 7 or fewer
drinks per week)?

Y/N

ClientDrkODNu

If ClientDrkOD =Y, what is the
average number of drinks the
client consumes per week?

1,2,..,13,14+

average number of drinks the
client consumes per week?

ClientDrkRD If ClientDrkND = N, is the Y/N
client a regular drinker (14 <
Men < 28; 7 < Women < 14)?
ClientDrkRDNu If ClientDrkRD =Y, whatisthe | 8,9, .. 27,28

Fig. 10
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Table 5 — Resting Heart Rate of General Population

A B C D E F G H

Low Fair Average Good High Athletic Olympic

Women
1853

12--19 31 38 47 52 56 61 61
1854

20--29 29 35 44 49 54 60 60
1855

30--39 28 34 42 48 53 59 59
1856

40--49 26 32 41 46 51 57 57
1857

50--65 22 29 37 42 46 50 50
1858

65+ 22 29 37 42 46 50 50
1859

Men
1860

12--19 40 46 54 59 65 71 71
1861

20--29 39 44 52 57 63 70 70
1862

30--39 35 40 48 52 58 65 65
1863

40--49 31 36 44 48 54 61 61
1864

50--59 26 32 40 44 49 56 56
1865

60--69 22 27 36 40 45 50 50
1866

70+ 22 27 36 40 45 50 50

Fig. 12




WO 2017/181278

PCT/CA2017/050481

13/23
Table 6 — Predicted VO2 max of Population
A B C D E F G H
WARMUP STAGE 1
Exercise Predicted Speed Grade % predicted Speed Grade %
predict

Protocol VO2 max {mph) {% incline) VO2 Max {mph) (%) V02 Max

Number {ml/kg/min)
1677 1 <20 1.7 0 8.1 2.1 0.5 9.6
1678 2 20-24 2 1 10 2.3 2 11.9
1679 3 25-29 2.2 2 11.5 2.7 3 146
1680 4 30-34 2.7 2 13.3 3.1 4 17.8
1681 5 35-39 3 3 16 3.7 4 20.6
1682 6 40-44 3.1 35 17 3.7 5.5 23.3
1683 7 45-49 3.2 5 19.8 3.7 7 26
1684 8 >50 3.6 5 21.8 3.7 8.5 28.7

I J K L M N
STAGE 2 RECOVERY
Exercise Predicted Speed Grade % predicted Speed Grade %
predict

Protocol VO2 max {mph) (% incline) | VO2 Max {mph) (%) VO2 Max

Number {ml/kg/min)
1677 1 <20 2.1 4.5 13.6 2 0 8.9
1678 2 20-24 2.3 6.5 16.9 2 0 8.9
1679 3 25-29 2.7 7.5 20.6 2 0 8.9
1680 4 30-34 3.1 8.5 24.4 2 0 8.9
1681 5 35-39 3.7 8 27.8 2 0 8.9
1682 6 40-44 3.7 10 31.4 2 0 8.9
1683 7 45-49 3.7 125 35.9 2 0 8.9
1684 8 >50 3.7 145 39.5 2 0 8.9

Fig. 13




WO 2017/181278 PCT/CA2017/050481

14/23
Table 7 — Estimated Parameters
A B C D E F
Variable label Parameter est Standard t Value Pr > ||
err
1821 | Intercept int 79.26468 1.24839 63.49 <.0001
1822 | RIDAGEYR | age -0.04554 0.01153 -3.95 <.0001
1823 | BPXPLS resting -0.05049 0.01022 -4.94 <.0001
HR
1824 | CVDWHR warmup -0.1993 0.01248 -15.97 <.0001
HR
1825 | CVDSIHR HR1 0.60538 0.01893 31.98 <.0001
1826 | CVDSZHR HR2 -0.77266 0.01321 -58.51 <.0001
1827 | CVDVOMAX | Pred 0.68055 0.01185 57.43 <.0001
vO2
1828 | CVXSIRPE PRE1 -0.19724 0.07403 -2.66 0.0078
1829 | CVXS2RPE PRE2 0.21737 0.06615 3.29 0.001

Fig. 14
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Table 8 — Example Input Wellness Information for Calculating Disease Risk Subscores (Cardiovascular

Disease)
Variable Variable Name Input(s)
Cardiovascular Disease Contribution | N594 Y/N
Indicator
Choice of method of score L5%4 vs. Same group
calculation vs. Healthy Group
Only based on steps & BMI
Age Clientage Number
Gender ClientGender Male or Female
Client’s waist in cm ClientWaist Number
Client’s current BMI ClientBMI/newClientBMI Number
Client’s daily average steps ClientStepAvgActi Number
Client’s daily average MV activity ClientMV AvgActi Number
time in minutes
‘Whether client’s blood pressure is ClientBPRDis Y if client has abnormal BP
abnormal* N if client’s BP is normal
Treatment belps client’s abnormal BPRSitw/BPRt Y if medication makes BP normal
blood pressure?* N if medication does not make BP
normal
Client’s medical diagnosis on ClientCarDis Y if client has been diagnosed with
cardiovascular diseases cardiovascular diseases
N otherwise
Treatment belps client’s CardioSitu Y if have cardiovascular disease but
cardiovasulcar disease? treatment makes it normal
N if have disease and medication
does not make it normal
Client’s family history shows ClientCarFamily Y if client’s immediate family

cardiovascular discase?

has/had cardiovascular discase
N if client’s immediate family has

never had cardiovascular disease

Fig.

15
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Curve function for Cardio subscore
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Table 9 — Example Input Wellness Information for Calculating Disease Risk Subscores (Diabetes)

diabetes?

Variable Variable Name Information
Diabetes Contribution N595 Y/N
Indicator
Choice of method of score L595 Based on Steps & BMI only
calculation Based on all factors
Age Clientage Number
Gender ClientGender Male or Female
Client’s waist in cm ClientWaist Number
Client’s current BMI ClientBMI/newClientBMI Number
Client’s daily average steps ClientStepAvgActi Number
Client’s daily average MV ClientMVAvgActi Number
activity time in minutes
Whether client’s blood ClientBPRDis Y if client has abnormal BP
pressure is abnormal* N if client’s BP is normal
Treatment helps client’s BPRSitu/BFRt Y if medication makes BP
abnormal blood pressure? normal
N if medication does not make
BP normal
Client’s medical diagnosis on | ClientDiaDis Y if client has been diagnosed
diabetes with diabetes
N otherwise
Treatment helps client’s DiabeSitu Y if have diabetes but
diabetes? treatment makes it normal
N if have diabetes and
medication does not make it
normal
NA if treatment effect is
unknown
Client’s family history shows | ClientDiaFamily Y if client’s immediate family

has/had diabetes
N if client’s immediate family

has never had diabetes

Fig. 17
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TABLE 9 — Stress Levels among General Population
C D E F G H
Stress 20-29 30-39 40-49 50-59 60+ % age
2276 NOTATALL 3.315 7.6838 4.8903 9.538 22.1657
STRESSFUL 22.2
2277 NOT VERY 27.8845 24.0871 21.14 25.7026 33.2242
STRESSFUL 33.2
2278 A BIT STRESSFUL 48.3001 42.1796 47.0733 47.6374 32.9906 33
2279 QUITE A BIT 17.4012 23.0171 22.1379 14.5167 10.7637
STRESSFUL 10.8
2280 EXTREMELY 3.0992 3.0324 47586 2.6053 0.8558
STRESSFUL 0.9
100 100 100 100 100 100
Table 10 — Happiness Levels among General Population
C D E F
Yeage(20- Yeage(33- Yeage(46+) Y%age
32) 45)
2288 | HAPPY AND INTERESTED IN 80.26 76.45 80.45 80.5
LIFE
2289 | SOMEWHAT HAPPY 16.34 18.47 154 154
2290 | SOMEWHAT UNHAPPY 2.58 3.5 3.09 31
2291 | UNHAPPY WITH LITTLE 0.22 1.57 1.09 1.1
INTEREST IN LIFE OR LIFE IS
NOT WORTHWHILE
2292 100 100 100 1060

Fig. 20
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Table 11 — Happiness According to Steps, MV, and BMI
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A B C D F G
1122 Unhapp R ha R Unhapp R ha R5%
Overall 100% 0% 055 PRy
1123 | steps 0| 0108757105 | 0.8912429 2000 | 0.08139817 | 0.918601832
1124 | MV 0| 0061473783 | 0.93852622 1| 0.05957477 | 0.940425231
1125 | BMI 463 | 0.042934711 | 095706529 | 36.42 | 0.04195893 | 0.958041071
H i 7 L M
1122
Ovel‘all Unhapp R happy R Unhapp R happy R
20% 80% 0% 100%
1123 | steps 5223 | 0.050250393 | 0.949749607 | 15000 | 0.010948976 | 0.989051024
124 | MV 4.87 | 0.052727074 | 0.947272926 50 | 0.012180063 | 0.987819937
1125 | BMI 31.17 | 0.041449084 | 0.958550916 |  18.52 | 0.040244841 | 0.959755159
A B C D F G
1128 Unhapp R happy R Unhapp R happy R5%
Male 100% 0% 95%
1129 | steps 0| 0.108757105 | 0.8912429 | 2000 | 0.08139817 | 0.918601832
1130 | MV 0 | 0.031419588 | 0.96858041 1.33 | 0.03107777 | 0.968922234
1131 | BMI 46.3 | 0.060447982 | 0.93955202 | 36.42 | 0.04539273 | 0.954607267
H i 7 K L M
128 Male Unhapp R happy R Unhapp R happy R
20% 80% 0% 100%
1129 | steps 5223 | 0.050250393 | 0.949749607 | 15000 | 0.010948976 | 0.989051024
1130 | MV 6.41 | 0.029805001 | 0.970194999 55 | 0.019930935 | 0.980069065
131 | BMI 30.86 | 0.03856492 | 0.96143508 | 18.52 | 0.026760898 | 0.973239102
A B C D F G
134 Female UnhappR | happy R Unhapp R
100% 0% 95% happy R5%
1135 | steps 0| 0108757105 | 08912429 | 2000 | 0.08139817 | 0.918601832
136 | MV 0| 0.089765626 | 0.91023437 0.7 | 0.08676896 | 0.913231044
1137 | BMI 463 | 0.039308936 | 0.96069106 | 36.42 | 0.04291736 | 0.957082643
H i 7 K L M
134 Female UnhappR | happy R UnhappR |  happy R
20% 80% 0% 100%
1135 | steps 5223 | 0.050250393 | 0.949749607 | 15000 | 0.010948976 | 0.989051024
1136 | MV 3.68 | 0.075002055 | 0.924997945 45 | 0.008919994 | 0.991080006
1137 | BMI 3148 | 0.04483823 | 0.95516177 | 18.52 | 0.050274242 | 0.949725758

Fig. 21
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B C D
Exact age (years) Both sexes Male Female
2139 0 78.8 76.4 81.2
2140 1 78.3 75.9 80.6
2141 5 74.4 72 76.7
2142 10 69.4 67.1 71.7
2143 15 64.5 62.1 66.8
2144 20 59.6 57.3 61.8
2145 25 54.8 52.6 57
2146 30 50.1 48 52.1
2147 35 454 433 47.3
2148 40 40.7 38.7 42.6
2149 45 36.1 34.1 37.9
2150 50 31.6 29.7 33.3
2151 55 27.3 25.6 28.9
2152 60 23.2 21.7 24.6
2153 65 19.3 17.9 20.5
2154 70 15.6 14.4 16.6
2155 75 12.2 11.2 12.9
2156 30 9.1 8.3 9.7
2157 85 6.6 59 7
2158 90 4.6 4.1 4.8
2159 95 3.2 2.8 33
2160 100 2.3 2 2

Fig. 22
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Table 14 — Probability of Dying
A B C
Age (years) Probability of living between (x,x+n) Probability of dying between {x,x+n)

2109 0-1 0.994042 0.005958

2110 1-5 0.998979 0.001021

2111 5-10 0.99941 0.00059

2112 10~-15 0.999295 0.000705

2113 15-20 0.997773 0.002227

2114 20-25 0.995842 0.004158

2115 25-30 0.995131 0.004869

2116 30-35 0.994273 0.005727

2117 35-40 0.992928 0.007072

2118 40-45 0.990051 0.009949

2119 45-50 0.984396 0.015604

2120 50-55 0.975728 0.024272

2121 55-60 0.964437 0.035563

2122 60—65 0.949%4 0.05006

2123 65-70 0.928424 0.071576

2124 70-75 0.890909 0.109091

2125 75-80 0.829433 0.170567

2126 80—-85 0.728865 0.271135

2127 85-90 0.574164 0.425836

2128 90-95 0.385413 0.614587

2129 95-100 0.213621 0.786379

2130 100 and over 0 1

Fig. 24
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