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(57) ABSTRACT

A method for neurological analysis and treatment is
described. In one embodiment, a server sends a request to a
wearable device for sensor data of a patient. The server
receives sensor data from the wearable device, and sends
instructions to the wearable device to present a cognitive test
based on the sensor data. The server receives from the
wearable device, results of the cognitive test, compares the
results against a baseline, and determines an assessment of
the user. A notification may be sent to the wearable device
based on the assessment. A wearable device for use in the
analysis and treatment is also described.
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SYSTEMS AND METHODS FOR ASSESSING
COGNITIVE FUNCTION

Field of the Invention

[0001] This invention relates to systems and methods for
assessing cognitive function and symptoms of neurological
and neuropsychiatric conditions. It is particularly, but not
exclusively, concerned with methods which use results from
wearable sensor(s) to initiate cognitive testing.

BACKGROUND OF THE INVENTION

[0002] Brain health has a huge impact on wellbeing
throughout life. Cognitive functions such as memory, con-
centration, and mental agility drive educational attainment,
work productivity and leisure activities. Sub-optimal cog-
nition is personally and societally expensive, whether
caused by environmental influences such as diet and stress,
or long term conditions such as depression or dementia. The
UK government’s 2008 Foresight report on Mental Capital
and Wellbeing identified finding ways to maintain cognitive
capital as a major challenge that needs tackling so the aging
population can remain independent and economically pro-
ductive for longer.

[0003] With an aging population in many countries, neu-
rological disorders associated with old-age, such as demen-
tia, are also increasingly prevalent.

[0004] For example, dementia is a common and costly
condition. Researchers estimate that dementia affects
between 2.4 to 5.5 million Americans. By 2050, the preva-
lence of Alzheimer’s disease is projected to be 13.8 million
people in the United States, with approximately 1 million
new cases a year. The estimated total health, long-term, and
hospice care costs for dementia in the United States were
$200 billion in 2012. Medicare and Medicaid pay approxi-
mately 70 percent of these costs, representing $140 billion.
These costs do not include the estimated $210 billion in
uncompensated care that informal caregivers provide annu-
ally.

[0005] The prevalence of dementia is strongly related to
increasing age. Data from large population-based surveys
indicate that the prevalence of dementia in the United States
is 5 percent in individuals at ages 71 to 79 years, rising to
24 percent at ages 80 to 89 years, and 37 percent in those
older than age 90 years. These prevalence estimates, how-
ever, are highly dependent on the methods and operational
criteria used for diagnosis. An international Delphi consen-
sus and review of published dementia prevalence studies
estimated mean prevalence in the United States and Canada
at 0.8 percent (standard deviation [SD], 0.1) in individuals
ages 60 to 64 years, 1.7 percent (SD, 0.1) in individuals ages
65 to 69 years, 3.3 percent (SD, 0.3) in individuals ages 70
to 74 years, 6.5 percent (SD 0 5) in individuals ages 75 to
79 years. 12 8 percent (SD. 0.5) in individuals ages 80 to 84
years, and 30.1 percent (SD, 1.1) in individuals age 85 years
or older.

[0006] Cognitive health is harder to measure than physical
parameters such as blood pressure or cholesterol but scien-
tifically-validated cognitive testing has become an estab-
lished tool in assessing brain health.

[0007] Cognitive assessment tests were originally devel-
oped as pen-and-paper tests, and continue to be available in
that format from large educational and clinical psychology
suppliers such as Pearson Assessment. Computerised cog-
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nitive assessment is a rapidly growing area but the existing
assessments are generally marketed to healthcare profes-
sionals, academics and pharmaceutical companies and are
not in a suitable format for direct access by individuals or
patients.

[0008] Measures such as memory function, reaction times
and other physical parameters can be assessed by cognitive
function testing and can be an important aid for clinicians in
detecting risk for and making a diagnosis of neurological
and neuropsychiatric conditions and thereafter monitoring
the status of the condition and the influence of any thera-
peutic regime prescribed to the patient.

[0009] Cognitive testing can play an important role in
several ways in the management of neurological disorders or
general brain health:

[0010] (1) providing baseline information for a subject
to assess risk for a condition or as part of a study
providing normative data for a particular population;

[0011] (2) providing a means to detect early signals of
the onset of neurological disorders or their precursors;

[0012] (3) to aid in the accurate diagnosis of neurologi-
cal disorders;

[0013] (4) to monitor the course of neurological disor-
ders; and
[0014] (5) to determine the impact that a course of

treatment is having on the patient in terms of both
cognitive safety and efficacy.
[0015] Cognitive function testing can aid in the diagnosis
of dementia and other neurological conditions or neuropsy-
chiatric conditions.
[0016] Cognitive function testing typically takes the form
of a series of discrete tests undertaken by the subject under
the supervision of a clinician. The tests are scored against
previous test data for the patient or against historic data sets
for relevant populations with normal cognitive function and
those with known neurological disorders. The relevant
population may be selected by reference to age, gender and
known medical conditions.
[0017] Examples of current cognitive function tests for
dementia and other neurological disorders are the Mini
Mental State Examination, the Abbreviated Mental Test, the
General Practitioner Assessment of Cognition, and the Hop-
kins Verbal Learning Test.
[0018] There are a number of known disadvantages to
current methodologies of cognitive function testing which
can lead to the introduction of errors or bias into results.
Typically, the testing is carried out overtly through a formal
question/answer format. For example, the subject is usually
assessed:
[0019] (1) at a small number of discrete time points—
often only once;
[0020] (2) in a medical environment under the supervi-
sion of a medical professional such as a doctor or nurse;
[0021] (3) by conscious response which may be affected
by the test environment.

[0022] The potential limitations with such systems are
well-known:
[0023] Assessments which rely on verbal cues and

responses are problematic in the hard of hearing

[0024] Some assessments require motor skills or tools
such as paper, pencil and calculators (http://qjmed.oxford-
journals.org/content/100/8/469)
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[0025] The ecological validity (extent to which the cog-
nitive testing reflects real-world cognitive function) is often
questionable:

[0026] (http://www.ncbi.nlm.nih.gov/pubmed/15000225;
[0027] http://www.ncbi.nlm.nih.gov/pubmed/20609481;
[0028] http://www.sciencedirect.com/science/article/pii/

S0887617706000527)
[0029] The testing environment can negatively impact the
individual’s cognitive scores in a manner analogous to
‘white-coat hypertension’
[0030] Whilst techniques are available to reduce such
errors, these factors may limit the utility of the test results for
the clinician who is seeking to make a diagnosis or for a
pharmaceutical company developing new drugs.
[0031] Better methods of assessing cognitive function and
neurological conditions are therefore required.
[0032] There is also a developing interest in providing
access to cognitive function testing to the population outside
of the clinical setting and providing means for self-assess-
ment or monitoring of cognitive function.
[0033] Indeed, there is a growing consumer interest in
optimising cognition throughout life, as evidenced by the
‘brain training’ market. Optimising cognition requires
changes in lifelong behaviours such as diet, exercise and
substance use, because brain health is driven by the same
factors as cardiovascular health. Shorter-term fluctuations in
cognition are driven by moment-to-moment and daily cycles
of factors such as wakefulness and tiredness, intake of
caffeine, nicotine, carbohydrates, etc, and stress-related
changes in neurochemicals such as adrenaline and cortisol.
Consumers need a way of tracking and visualising this so
they can understand the effects of their short- and long-term
behaviours on their brain health.
[0034] Self-testing is widely used to measure indicators of
physical health and fitness but is not yet available in a
convenient and reliable format for indicators of mental
health or well-being.
[0035] For example, wearable technology is widely used
to monitor the physical fitness of a user, particularly during
exercise such as walking, running, cycling or swimming.
Numerous parameters may be measured during exercise
such as the distance covered, time taken, the total ascent
gained during the exercise, the route taken, heart rate and
speed. The wearable technology may be, for example, in the
form of a device, watch or smartphone or glasses.
[0036] Exercise data is typically recorded by the device
and is capable of visualisation and analysis on a computer
screen, which may be part of the wearable device or a
separate computer system with which the device can com-
municate. The data from the physical exercise is recorded
and can be analysed in many ways, such as by comparison
against previous results to indicate trends in physical pet-
formance.
[0037] Thereis also a large, as yet unmet, medical need for
the better understanding and self-management of brain
health. The WHO estimates that brain disorders cause one-
third of the burden of all diseases and much of the risk is
modifiable: half of a person’s risk for Alzheimer’s disease is
driven by seven lifestyle-related factors such as diet, exer-
cise, and smoking, The possibility to use lifestyle to manage
brain health is therefore of benefit to the individual and
society.
[0038] Empowering individuals to manage their own
health is likely to reduce healthcare costs. It is estimated that
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the NHS in England could save £4.4 billion a year if it
adopted innovations that involves patients, families and
communities more directly in the management of long term
health conditions.

[0039] Since the lifestyle factors that drive better brain
health largely overlap with those that prevent cancer, heart
disease and other physical conditions or illnesses, motivat-
ing improvements in brain health would be expected to have
large and positive consequences on all the major chronic
diseases of mid- and late-life.

[0040] As well as direct medical costs, self-management
of brain health can bring additional economic opportunity.
Much of the cost associated with brain disorders comes from
loss of employment of patients and carers, and supporting
the development of new tools to better manage and treat
these highly prevalent conditions is an important part of
supporting employment and economic productivity among
patients and their caregivers. For example the total cost of

dementia in the EU in 2008 was estimated at € 160 billion,
of which 56% were costs associated with informal care.
More broadly, cognitive problems such as poor concentra-
tion, memory lapses, and risky decision-making have wide-
spread impacts on an individual’s overall productivity,
through un- and under-employment, reduced educational
achievement, and lower efliciency and creativity at work.
[0041] Furthermore, educating and informing patients and
other consumers about brain health can help reduce the
stigma surrounding mental health and conditions such as
dementia and empower patients to make better decisions
about when and how to seek help.

[0042] Improving tools for the self-management of brain
health may ultimately improve equality of access to health-
care. Many patients with brain conditions cannot access
effective treatment, for example access only 21% of UK
patients have access to modern multiple sclerosis drugs.
Across Europe, two thirds of people with brain disorders
receive no treatment and many others have additional
uncontrolled symptoms which worsen the impact of the
disorders. For example, up to 70% of people with epilepsy
could lead normal lives if properly treated, but for a majority
this is not the case.

[0043] Such direct to consumer cognitive testing is at
present minimal because available products are not well-
suited for consumer use. The nearest comparable field at
present is so-called “brain training” which has been reason-
ably well served by both web-based and smartphone appli-
cations but is limited by a lack of scientific validity and
therefore utility, particularly in the clinical sphere.

[0044] Attempts to improve cognitive function through
‘brain-training’ have become popular due to the fun and
immersive nature of computer- and web-based brain training
programmes. Brain training describes the process of using
repeated practise on games or puzzles to improve perfor-
mance in one or more areas of cognitive performance. These
programmes claim to work by changing the plasticity of the
brain. However large-scale assessments of such programmes
suggest that while performance on the specific task that is
practised improves, they are not effective in producing any
more generalised improvements in cognitive performance.
In order to demonstrate to the consumer the efficacy of the
programme, brain training tools sometimes include game-
like measurement of cognitive domains before and after a
period of training. However the core of brain training is a
focus on the intervention rather than cognitive assessment
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per se and an intention to improve cognitive function. These
programmes are not designed to measure disease risk,
change in disease state, or motivate or monitor changes in
lifestyle, behaviour, or other factors outside of the brain
training system.

[0045] For pharmaceutical companies developing new
drugs to treat neurological conditions, the ability to monitor
cognitive function on an ongoing basis offers the potential to
transform the way in which data from clinical studies is
generated and analysed in order to assess the safety and/or
efficacy of the new drugs.

[0046] The provision of mobile or ongoing cognitive
assessments may prove valuable in demonstrating the effi-
cacy of new treatments for disorders such as Alzheimer’s, as
well as the safety of medicines which could potentially
impair concentration or decision-making. Current “gold
standard” assessments take place in clinical settings and
therefore can only provide a snapshot of cognitive perfor-
mance.

[0047] Technological developments which can assist in
the development and testing of treatments for neurological
conditions are urgently needed because approval rates for
new brain-related drugs are low, causing pharmaceutical
companies to seek better ways to run clinical trials and more
accurate ways to target individuals who may be at a high risk
of disorders such as Alzheimer’s.

[0048] An object of aspects of the present invention is to
provide methods and systems which assist in providing
improved cognitive monitoring to assist in monitoring the
effects of medical treatment on cognition in respect of safety
and/or efficacy. The term “medical treatment” used herein
includes the use of an approved or licensed medicinal
product with a marketing authorisation or the use of an
investigational medicinal product.

[0049] Fun ‘brain tests’ are already readily available to
consumers but these lack scientific validity and so are of no
real use in measuring performance, assessing risk for brain
disorders, or monitoring the effects of interventions. Such
“brain games” are not used to inform medical decisions and
have no validity in assessing cognitive function and how it
is influenced by lifestyle choices.

[0050] The use of sensors and computer systems to moni-
tor physical parameters and to provide feedback to the user
and or health professionals is well-known in the art. For
example, such systems are commonly used to record physi-
cal performance of athletes by tracking speed, distance,
location and heart rate.

[0051] Computer systems utilising sensors to monitor a
patient’s physical parameters are also known in the art and
can be used to monitor safety conditions of workers, mem-
bers of the armed forces and patients in healthcare settings
for certain conditions. Such sensors are concerned with the
measurement of physical parameters and do not provide any
monitoring of cognitive function.

SUMMARY OF THE INVENTION

[0052] At their broadest, aspects of the present invention
provide systems and methods for monitoring individuals
which measure a physical parameter associated with the
individual and, based on comparison of that measured
parameter with one or more baselines, initiate cognitive tests
for the individual to perform.

[0053] A first aspect of the present invention preferably
provides a system for monitoring an individual, the system
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including: a wearable sensor for measuring at least one
physical parameter associated with the individual; a memory
storing a predetermined baseline of either normal behaviour
for that parameter or of abnormal behaviour for that param-
eter and a predetermined baseline for a cognitive test; a
processor that: compares the parameters measured by the
sensor to said baseline, and if either: the measured physical
parameter deviates from the baseline of normal behaviour by
more than a pre-defined amount, or the measured physical
parameter matches the baseline of abnormal behaviour
within a predetermined tolerance, triggers at least one cog-
nitive test for the individual to perform; and compares the
results of said cognitive test to a further predetermined
baseline, and a user interface for presenting cognitive tests
to the individual and recording the individual’s responses.
[0054] Accordingly, a system according to the present
aspect can use cognitive testing in conjunction with physical
behavioural data in the monitoring of brain health through
wearable technology.

[0055] Behavioural data can be collected from passive
monitoring of the sensor and/or from active monitoring
based on the individual’s responses to cognitive tests carried
out through the user interface.

[0056] The system can monitor the collective behavioural
data in real time and compares the data against baselines
which include one or more of: historic data of the user;
relevant validated data sets for general populations; and
relevant validated data sets for populations with specific
neurological disorders.

[0057] The system is particularly useful for assessing
cognitive function, detecting and monitoring symptoms of
neurological and neuropsychiatric conditions and other fluc-
tuations in brain health caused by lifestyle choices, such as
diet, sleep, exercise, consumption of alcohol or caffeine.
[0058] The system can use physical data from the wear-
able sensor together with validated cognitive tests to obtain
behavioural data of the individual and provide real time
analysis from the user in a manner that is not achievable
through traditional clinically-based cognitive tests. Such
data may be valuable in diagnosing and/or monitoring
neurological and neuropsychiatric conditions and also in
monitoring and reporting the fluctuations in brain health due
to lifestyle influences. Given the established links between
lifestyle influences and certain disorders, the potential for
individuals to monitor their brain health and thus provide an
opportunity to modify their behaviour and thus manage
known risk factors for serious disorders is of great utility.
[0059] The processor may be arranged to notify the indi-
vidual or a third party of the measured physical parameter;
the results of the cognitive test and/or the comparison of said
results against the further baseline. This can allow the
individual to keep themselves personally informed of devel-
opments in their cognitive function. A third party, such as a
doctor, carer or relative may also be informed, particularly
if the measurements/results indicate an increased risk to the
individual which may allow preventative measures to be
taken or assistance rendered.

[0060] In some embodiments of the present aspect, the
system further includes a remote server having the memory
and the processor, and wherein the wearable sensor and the
user interface are communicatively linked to said server. The
remote server can store significant quantities of baseline
information for the comparisons, and these stored baselines
can be used across a wide range of individuals using systems
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according to the present aspect. The use of a remote server
reduces the amount of storage and processing power
required local to the individual.

[0061] In alternative embodiments, the system further
includes a computer local to the individual, the computer
having the memory and the processor, and wherein the
wearable sensor and the user interface are communicatively
linked to the computer. The local computer may be a
smartphone, smartwatch, tablet, laptop or desktop computer,
or may form part of a television set. In these embodiments
the local computer is able to carry out the comparisons,
leading to fast responses without any reliance on an active
communications link.

[0062] In such embodiments, the computer may further
include the user interface or the wearable sensor, or both.
[0063] It will be appreciated that embodiments of the
system could include both one or more remote servers and
a local computer, with the functions of the processor and the
memory being divided between processors and memories in
the remote servers and the local computer. For example, the
remote server may store baseline data relating to the general
population, whilst the local computer may store data relating
to the individual and comparisons may be made against both
of these.

[0064] The system of the present aspect can also allow the
analysis of behavioural data (physical and cognitive) in real
time and the instruction via a wearable device for the
individual to conduct additional cognitive testing. Such
additional assessments can be selected by the system as
appropriate to the behavioural data previously obtained. The
response of the individual to such additional validated
cognitive assessments can provide important additional data
useful in the management of neurological or neuropsychi-
atric disorders and may be useful in the elimination of false
positive results.

[0065] The system of the present aspect can enable fre-
quent in-field assessment of the individual’s physical and
neurological condition. The results from the system can be
cross-validated to established healthcare standards. The sys-
tem may also be programmable and reactive to allow
real-time export of data and updating of the various com-
ponents of the system according to pre-programmed proto-
cols; and it can summarise datapoints in a time-sensitive and
personally meaningful way—allowing benchmarking
against factors such as drug dosage or sleep patterns.
[0066] In addition, the system may monitor fluctuations in
brain health of any individual enabling the individual to
monitor the influence that their lifestyle choices, such as
diet, sleep, exercise, consumption of alcohol or caffeine,
have on their cognitive function.

[0067] The computer system can display feedback to the
individual and/or to the individual’s carer or health profes-
sional regarding the current cognitive function of the indi-
vidual and suggested actions. The feedback can be made
appropriate to the relevant recipient, whether the individual,
carer or health professional.

[0068] Where the system identifies a risk to health or that
the cognitive performance of the individual is outside nor-
mal values, the system can display relevant messages or
information to the individual on the user interface and/or
activate additional cognitive tests or questions through the
user interface, preferably through a wearable device and/or
a smartphone. The individual’s response to such tests, taken
together with all previous behavioural data, can be further
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analysed and compared against historic data of the user and
relevant validated data sets for both the general populations
and populations with neurological disorders. The system
may then provide additional feedback to the individual
and/or the carer and/or the health professional responsible
for the user. Additionally, the individual’s carers or health
professionals may be able to access the system remotely to
display such messages or information or activate additional
cognitive tests or questions, or obtain further information,
such as historic data from the sensor.

[0069] The system may also collect physical exercise data
which can be augmented by cognitive testing to show the
influence of exercise on cognition whether in the general
population or in patients with neurological disorders.
[0070] The system may operate using the method of the
second aspect described below, including some, all or none
of the optional and preferred features of that aspect. How-
ever, the system may also operate using alternative methods.
[0071] The system may include some, all or none of the
preferred and optional features described above in relation to
the system, or more generally below.

[0072] A second aspect of the present invention provides
a method of monitoring an individual, the method including
the steps of: repeatedly measuring at least one physical
parameter associated with the individual using a sensor worn
by the individual; comparing the measurements of said
physical parameter against a predetermined baseline of
either normal behaviour for that parameter or of abnormal
behaviour for that parameter; if either: the measured physi-
cal parameter deviates from the baseline of normal behav-
iour by more than a pre-defined amount, or the measured
physical parameter matches the baseline of abnormal behav-
iour within a predetermined tolerance, triggering at least one
cognitive test for the individual to perform and recording the
results; and comparing said results against a further prede-
termined baseline.

[0073] Accordingly, a method according to the present
aspect can use cognitive testing in conjunction with physical
behavioural data in the monitoring of brain health through
wearable technology.

[0074] Behavioural data can be collected from passive
monitoring of the sensor and/or from active monitoring
based on the individual’s responses to cognitive tests carried
out through the user interface.

[0075] The method can monitor the collective behavioural
data in real time and compares the data against baselines
which include one or more of: historic data of the user;
relevant validated data sets for general populations; and
relevant validated data sets for populations with specific
neurological disorders.

[0076] The method is particularly useful for assessing
cognitive function, detecting and monitoring symptoms of
neurological and neuropsychiatric conditions and other fluc-
tuations in brain health caused by lifestyle choices, such as
diet, sleep, exercise, consumption of alcohol or caffeine.
[0077] Thus the second aspect can provide a method of
monitoring and/or diagnosing and/or managing individuals
with neurological or neuropsychiatric disorders.

[0078] The method can use physical data from the wear-
able sensor together with validated cognitive tests to obtain
behavioural data of the individual and provide real time
analysis from the user in a manner that is not achievable
through traditional clinically-based cognitive tests. Such
data may be valuable in diagnosing and/or monitoring
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neurological and neuropsychiatric conditions and also in
monitoring and reporting the fluctuations in brain health due
to lifestyle influences. Given the established links between
lifestyle influences and certain disorders, the potential for
individuals to monitor their brain health and thus provide an
opportunity to modify their behaviour and thus manage
known risk factors for serious disorders is of great utility.
[0079] The method may include the further step of noti-
fying the individual or a third party of the measured physical
parameter; the results of the cognitive test and/or the com-
parison of said results against the further baseline. This can
allow the individual to keep themselves personally informed
of developments in their cognitive function. A third party,
such as a doctor, carer or relative may also be informed,
particularly if the measurements/results indicate an
increased risk to the individual which may allow preventa-
tive measures to be taken or assistance rendered.

[0080] The method of the present aspect can also allow the
analysis of behavioural data (physical and cognitive) in real
time and the instruction via a wearable device for the
individual to conduct additional cognitive testing. This addi-
tional testing may be initiated on a periodic basis. Such
additional assessments can be selected by the computer
system as appropriate to the behavioural data previously
obtained. The response of the individual to such additional
validated cognitive assessments can provide important addi-
tional data useful in the management of neurological or
neuropsychiatric disorders and may be useful in the elimi-
nation of false positive results.

[0081] In a development of the method the physical
parameter measured may be recorded over time and used to
update one or more baselines for that parameter. Thus a
history of that physical parameter can be stored for the
individual and used as a basis for future comparisons.
[0082] The method of the present aspect can enable fre-
quent in-field assessment of the individual’s physical and
neurological condition. The results can be cross-validated to
established healthcare standards. The method may also be
reactive to allow real-time export of data and updating
according to pre-determined protocols; and it can summarise
datapoints in a time-sensitive and personally meaningful
way—allowing benchmarking against factors such as drug
dosage or sleep patterns.

[0083] Inaddition, the method may monitor fluctuations in
brain health of any individual enabling the individual to
monitor the influence that their lifestyle choices, such as
diet, sleep, exercise, consumption of alcohol or caffeine,
have on their cognitive function.

[0084] The method can provide feedback to the individual
and/or to the user’s carer or health professional regarding the
current cognitive function of the user and suggested actions.
The feedback can be made appropriate to the relevant
recipient, whether the individual, carer or health profes-
sional.

[0085] Where the method identifies a risk to health or that
the cognitive performance of the individual is outside nor-
mal values, relevant messages or information can be dis-
played to the individual and/or additional cognitive tests or
questions initiated, preferably through a wearable device
and/or a smartphone. The individual’s response to such tests,
taken together with all previous behavioural data, can be
further analysed and compared against historic data of the
user and relevant validated data sets for both the general
populations and populations with neurological disorders.
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Additional feedback may then be provided to the individual
and/or the carer and/or the health professional responsible
for the user. Additionally, the individual’s carers or health
professionals may be able to cause such messages or infor-
mation to be displayed to the user or activate additional
cognitive tests or questions, or obtain further information,
such as historic data from the sensor.

[0086] The method may also collect physical exercise data
which can be augmented by cognitive testing to show the
influence of exercise on cognition whether in the general
population or in patients with neurological disorders.
[0087] The method may use the system of the above
described first aspect, including some, all or none of the
optional and preferred features of that aspect. However, the
method may also use alternative systems.

[0088] The method may include some, all or none of the
preferred and optional features described above in relation to
the method, or more generally below.

[0089] At their broadest, further aspects of the present
invention provide systems and methods for monitoring the
cognitive function of individuals undergoing medical treat-
ment.

[0090] A third aspect of the present invention provides a
system for monitoring the cognitive function of an indi-
vidual undergoing medical treatment, the system compris-
ing:

[0091] a processor; and
[0092] a user interface,
[0093] wherein the processor periodically initiates a cog-

nitive test on the user interface to be performed by the
individual, compares the results of the test against a stored
predetermined baseline in order to assess the individual’s
cognitive function.

[0094] The term “medical treatment” used here includes
the use of an approved or licensed medicinal product with a
marketing authorisation or the use of an investigational
medicinal product.

[0095] Preferably the user interface and processor form
part of a portable or wearable system operated by the
individual.

[0096] The system may further include a remote server,
wherein the processor is located in the remote server and the
user interface is local to the individual and in communica-
tion with the remote server. The relative advantages of
providing the processor locally or in a remote server have
been discussed in relation to the first aspect above. In many
embodiments, the functions of the processor will be split
between a processor in a local device, such as a portable or
wearable system operated by the individual and a remote
server.

[0097] The system may further include a wearable sensor
that is configured to measure at least one physical parameter
of the individual, the processor comparing the measured
parameter against a predetermined baseline, and including
the results of said comparison in the assessment of the
individual’s cognitive function.

[0098] In certain embodiments, the user interface and
wearable sensor are part of a single device worn by the user.
[0099] For pharmaceutical companies developing new
drugs to treat neurological conditions, the ability to monitor
cognitive function on an ongoing basis using a system
according to this aspect can potentially transform the way in
which data from clinical studies is generated and analysed in
order to assess the safety and/or efficacy of the new drugs.
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[0100] For example, the provision of mobile and/or ongo-
ing cognitive assessments may prove valuable in demon-
strating the efficacy of new treatments for disorders such as
Alzheimer’s, as well as the safety of medicines which could
potentially impair concentration or decision-making. The
ongoing nature of the tests and information gathered in a
non-clinical environment can provide a wealth of informa-
tion for the assessment of either the efficacy of a treatment
or the side-effects of a treatment.

[0101] Analogous to the use of mobile blood pressure
monitors, mobile or ongoing cognitive monitoring may
allow researchers to measure and monitor a treatment’s
effects on day-to-day fluctuations in cognition, and interac-
tions with food and drink, sleep, physical activity, and other
medicines. It may improve clinical trials by providing a
more accurate baseline from which to measure a treatment’s
effects and a new means to remotely monitor the safety of
new drugs.

[0102] By gathering information about cognitive perfor-
mance in the patient’s own environment rather than in
laboratory contexts, and allowing data collection more fre-
quently, there will be a better chance to detect real drug
effects among the environmental ‘noise’ and without the
drawbacks of clinical and lab settings (e.g. white coat
syndrome). This improved signal:noise ratio may allow
companies to detect significant drug effects in smaller
samples (accelerating the drug development process) and
make logistically practical longer, more representative and
less localised clinical trials to occur, by substituting remote
monitoring for more expensive face-to-face interactions.
This latter use may be particularly important in allowing
companies to monitor large numbers of patients for potential
cognitive safety concerns over long periods of time, poten-
tially encouraging regulators to make new treatments avail-
able sooner where there is high unmet medical need.
[0103] The system of this aspect may also be useful in
reducing the incidences of false positive data by assessing
the totality of behavioural data and using follow-up cogni-
tive testing based on changes to physical parameters.
[0104] Preferably the medical treatment is intended to
treat a neurological disorder. The system of this aspect can
thus be used in the clinical development of agents for the
treatment of neurological disorders, such as those listed
below.

[0105] The system of this aspect may operate using the
method of the fourth aspect described below, including
some, all or none of the optional and preferred features of
that aspect. However, the system may also operate using
alternative methods.

[0106] The system may include some, all or none of the
preferred and optional features described above in relation to
the system, or more generally below.

[0107] A fourth aspect of the present invention provides a
method of monitoring the cognitive function of an individual
for assessing the effects of a medical treatment being taken
by the individual, the method including the steps of: peri-
odically initiating a cognitive test to be performed by the
individual; communicating the results of said test to a
computer; comparing the results of the test against a prede-
termined baseline to assess the individual’s cognitive func-
tion.

[0108] The method of this aspect may further include the
steps of: measuring at least one physical parameter of the
individual using a sensor worn by the individual; comparing
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the measurements of said physical parameter against a
predetermined baseline; and using said comparison in the
assessment of the individual’s mental state.

[0109] For pharmaceutical companies developing new
drugs to treat neurological conditions, the ability to monitor
cognitive function on an ongoing basis using a method
according to this aspect can potentially transform the way in
which data from clinical studies is generated and analysed in
order to assess the safety and/or efficacy of the new drugs.
[0110] For example, the provision of mobile and/or ongo-
ing cognitive assessments may prove valuable in demon-
strating the efficacy of new treatments for disorders such as
Alzheimer’s, as well as the safety of medicines which could
potentially impair concentration or decision-making. The
ongoing nature of the tests and information gathered in a
non-clinical environment can provide a wealth of informa-
tion for the assessment of either the efficacy of a treatment
or the side-effects of a treatment.

[0111] For an individual patient, and their carer and
healthcare professionals, the ability to monitor cognitive
fanction on an ongoing basis using a method according to
this aspect can provide useful information to help determine
if a particular course of treatment is of benefit to that specific
patient.

[0112] Analogous to the use of mobile blood pressure
monitors, mobile or ongoing cognitive monitoring may
allow researchers to measure and monitor a treatment’s
effects on day-to-day fluctuations in cognition, and interac-
tions with food and drink, sleep, physical activity, and other
medicines. It may improve clinical trials by providing a
more accurate baseline from which to measure a treatment’s
effects and a new means to remotely monitor the safety of
new drugs.

[0113] By gathering information about cognitive perfor-
mance in the patient’s own environment rather than in
laboratory contexts, and allowing data collection more fre-
quently, there will be a better chance to detect real drug
effects among the environmental ‘noise’ and without the
drawbacks of clinical and lab settings (e.g. white coat
syndrome). This improved signal:noise ratio may allow
companies to detect significant drug effects in smaller
samples (accelerating the drug development process) and
make logistically practical longer, more representative and
less localised clinical trials to occur, by substituting remote
monitoring for more expensive face-to-face interactions.
This latter use may be particularly important in allowing
companies to monitor large numbers of patients for potential
cognitive safety concerns over long periods of time, poten-
tially encouraging regulators to make new treatments avail-
able sooner where there is high unmet medical need.
[0114] The method of this aspect may also be useful in
reducing the incidences of false positive data by assessing
the totality of behavioural data and using follow-up cogni-
tive testing based on changes to physical parameters.
[0115] Preferably the medical treatment is intended to treat
a neurological disorder. The method of this aspect can thus
be used in the clinical development of agents for the
treatment of neurological disorders, such as those listed
below.

[0116] Preferably the cognitive function of the individual
is monitored to determine the effectiveness of the medical
treatment in treating a neurological disorder.

[0117] The method may use the system of the above
described first aspect, including some, all or none of the
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optional and preferred features of that aspect. However, the
method may also use alternative systems.

[0118] The method may include some, all or none of the
preferred and optional features described above in relation to
the method, or more generally below.

[0119] The following possibilities, alternatives, preferred
and optional features are applicable to all of the above
described aspects.

[0120] The wearable sensor(s) are preferably incorporated
in one or more wearable devices. Wearable devices incor-
porating sensors are well known. As used herein the term
wearable device means any device that is portable and that
a user can carry with them and includes a means of com-
municating with the other parts of the system, preferably
through wireless technology. The wearable device may itself
include a user interface which is able to present information
to the individual and receiving inputs, such as responses or
commands from the individual.

[0121] The wearable device may be a watch, band, glasses
or a smartphone. The wearable device may be an item of
clothing, such as a belt or shoes, or an item of jewellery such
as a broach, pendant, ring or earring or may be embedded
into such items. The wearable device may be implanted on
the body of the user—for example in dentures, prosthetic or
subcutaneously. Particular examples of wearable devices
include an Apple Watch, an Android Wear watch, Google
Glass or a smartphone such as an iPhone or an Android
smartphone.

[0122] The user may be presented with visual or audible
information by the wearable device. Visual information may
be displayed on a screen or projected onto a surface. Audible
information may be delivered via a speaker or via head-
phones or an earpiece. The wearable sensor/device prefer-
ably communicates with the other parts of the system
through wireless technology. Several wireless technology
standards are known in the telecommunications industry and
include 3G, 4G, Bluetooth and Wi-Fi.

[0123] The term sensor as used herein refers to any device
that can measure one or more physical parameters of the
user. Examples of some physical parameters that are relevant
in the assessment of particular neurological disorders or
cognitive function are set out below:

[0124] Pulse / ECG

[0125] Skin Conductance

[0126] Location

[0127] Activity and/or Acceleration in multiple dimen-

sions (ie movement)

[0128] Vbice parameters such as pitch, frequency, speed
of talking, use of key words.

[0129] Use of wearable device/smartphone itself—use
of phone and message functions, use of other applica-
tions or programmes installed on the phone, number of
times phone is checked, response speed to incoming
stimuli eg a phone call

[0130] Blood pressure
[0131] Visual recognition of facial expression
[0132] Electromagnetic field to measure brain activity
[0133] body temperature fluctuations
[0134] polysomnography
[0135] For example, the sensor may be a heart rate moni-

tor, a blood pressure monitor, a GPS tracker, an accelerom-
eter, a location tracker, a microphone, or a camera.
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[0136] The system may comprise one or a multiplicity of
such sensors and may have sensors measuring different
parameters or a plurality of sensors measuring the same
parameter.

[0137] The sensor may be embedded in a wearable device.
A sensor may be the wearable device. For example, the
wearable device may display cognitive tests and measure the
response or reaction times of the user as one behavioural
parameter that is sensed and monitored by the computer
system.

[0138] The processor may be located in the wearable
device or it may be in a separate computing device such as
a smartphone, tablet computer, laptop computer or desktop
computer. The processor collects and processes the behav-
ioural data (and may store it in a memory device such as a
RAM memory, flash memory or a hard disk) and is able to
process the said data through the use of appropriate com-
puter software or, optionally, is able to transmit the said data
to a remote server for analysis and receive information and
commands from the remote server. The processor carrying
out the comparisons may alternatively be located in the
remote server.

[0139] Cognitive testing software is known in the art for
many neurological disorders (such as Cantab Mobile and
Cogstate’s Cognigram for dementia and mild cognitive
impairment, BrainCare by NeuroTrax for monitoring recov-
ery after stroke or traumatic brain injury).

[0140] The Applicant is a developer and supplier of vali-
dated cognitive testing software to academic scientists, the
pharmaceutical industry and general practitioners. The soft-
ware comprises different selections from a base library of
>20 individual computerised cognitive tests and present
these tests in orders and administration modes suitable to the
testing environment and user The tests have been validated
over a period of up to 25 years through academic and clinical
studies in healthy volunteer and patient populations.
[0141] Behavioural data includes the data from the sensor
and wearable device whether as a result of passive moni-
toring, active monitoring or a combination of both passive
and active monitoring.

[0142] Forexample, behavioural data can include physical
parameters and behaviour of the user such as pulse, patterns
of physical activity (or lack thereof), speech patterns,
response times in cognitive tests delivered via the wearable
device.

[0143] Behavioural data may include user identified inputs
regarding lifestyle such as dietary information.

[0144] The behavioural data is preferably monitored in
real time. his means that the computer system is capable of
monitoring the output from the sensor and wearable device
as and when the data is generated by the user and processing
the data in a short time period thereafter, such that the results
of the processing are available on a timescale which means
that the results accurately reflect the current status of the
individual.

[0145] As used herein, neurological disorder means any
disorder of the brain and nervous system together with
neuropsychiatric disorders.

[0146] The US National Institute of Health’s National
Institute of Neurological Disorders and Strokes (NINDS)
maintain an A-Z of neurological disorders on its website
(http://www.ninds.nih.gov/disorders/disorder_index.htm).
The list of neurological disorders as at the date of filing is
incorporated herein by reference.
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[0147] In particular, the neurological disorder may be one
commonly presenting in adulthood (such as multiple scle-
rosis, depression or bipolar disorder) or old age (such as
mild cognitive impairment, Alzheimer’s disease (AD) or
another dementia, and Parkinson’s disease (PD))

[0148] Further, the neurological disorder may be one
commonly presenting in childhood such as attention deficit
hyperactivity disorder (ADHD), autism or epilepsy.

[0149] The US National Institute of Health’s National
Institute of Mental Health (NIMH) lists the following as
common neuropsychiatric disorders which it supports
research into and which are herein included in the definition
of “neurological disorder” in this disclosure:

[0150] Anxiety Disorders

[0151] Attention Deficit Hyperactivity —Disorder
(ADHD, ADD)

[0152] Autism Spectrum Disorders (ASD)

[0153] Bipolar Disorder (Manic-Depressive Illness)

[0154] Borderline Personality Disorder

[0155] Depression

[0156] Eating Disorders

[0157] Generalized Anxiety Disorder

[0158] Obsessive-Compulsive Disorder (OCD)
[0159] Panic Disorder

[0160] Prevention

[0161] Post-Traumatic Stress Disorder (PTSD)
[0162] Schizophrenia

[0163] Social Phobia (Social Anxiety Disorder)
[0164] Suicide Prevention

[0165] Further, the neurological disorder may be associ-
ated closely with a particular physical parameter which the
sensor of the system is able to detect. Examples of param-
eters implicated with particular neurological disorders are
set out in Table 1 below:

TABLE 1
Physical Neurological
Parameter Disorder Reference
Pulse, blood Cerebrovascular ~ Nation 2013,
pressure disease, http://www.nebinlm.nih.gov/
Alzheimer’s pubmed/24225352
Skin epilepsy Poh 2012
Conductance DOI: 10.1212/WNL.0b013¢318258{7f1
Location dementia Yamakawa 2014
http://www.nebinlm.nih.gov/
pubmed/25369874
Activity ADHD O’Mahoney 2014
http://www.nebinlm.nih.gov/
pubmed/24657100
Voice Parkinson’s Tanaka 2015
http://www.nebinlm.nih.gov/
pubmed/25712544
Facial Autism Melntosh 2006
EXpressions www.ncbi.nlm.nih.gov/
pubmed/16669800

Themee 2011
http://www.nebinlm.nih.gov/pme/
articles/PMC3042390/

Tkeda 2014

http:/link springer.com/article/
10.1007%2Fs12199-013-0373-3

Use of social Depression De Choudhury

media http://research-srv.microsoft.com/pubs/
192721/iewsm__13.pdf

Use of phone Depression

[0166] As used herein, cognitive assessment test or cog-
nitive test or cognitive function test includes any test which
is able to provide meaningful information about an indi-
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vidual’s cognitive function. This includes question and
answer based tests, computerised “puzzle”-like tests as well
as less formal tests, such as the individual’s ability to
respond to simple instructions such as to “wave your hand
5 times™.

[0167]

[0168] wvalidated cognitive assessments relevant to
either the known neurological disorder of the patient or
the suspected or possible neurological disorder indi-
cated as a result of the analysis of the behavioural data
by the computer system; or

[0169] wvalidated cognitive assessments to compare the
cognitive function of the user with previous data for the
user and/or validated and matched data for the general
population or a particular disease group.

[0170] In particular embodiments, the cognitive assess-
ment test is relevant to the older population and conditions
such as dementia, AD or PD.

[0171] In further embodiments, the cognitive assessment
test is relevant to children and conditions such as ADHD,
autism or epilepsy.

[0172] In further embodiments, the cognitive assessment
test relates to neuropsychiatric disorders including depres-
sion or eating disorders.

Specific examples of cognitive tests include:

[0173] Examples of such validated cognitive assessment
tests are set out in Table 2 below:

TABLE 2
Disease Test Ref

ADHD Stop signal test Chambetlain SR (2011)
httpe//www.nebinlm.nih.gov/
pubmed/21047621

Blackwell AD (2004)
httpe//www.nebinlm.nih.gov/
pubmed/14560064

Owen AM (1992)
http://www.nebi.nlm.nih.gov/
pubmed/1486458

Rock PL (2013)
http://www.nebi.nlm.nih.gov/
pubmed/24168753

Clark L (2005)
http://www.nebi.nlm.nih.gov/
pubmed/15652878

Gmeindl L (2012)
http://www.nebi.nlm.nih.gov/
pubmed/22059650

Paired associates
learning

Alzheimer’s
Parkinson’s Tower of London
Depression Pattern recognition
Sustained attention

Bipolar disorder

MS Spatial working
memory

BRIEF DESCRIPTION OF THE DRAWINGS

[0174] Embodiments of the invention will now be
described by way of example with reference to the accom-
panying drawings in which:

[0175] FIG. 1 shows, in schematic form, a system accord-
ing to an embodiment of the present invention and the flow
of data in a method according to a further embodiment of the
present invention;

[0176] FIG. 2 shows the system of FIG. 1 with further data
flows; and
[0177] FIG. 3 shows possible further interactions in the

system of FIG. 1.
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DETAILED DESCRIPTION AND FURTHER
OPTIONAL FEATURES OF THE INVENTION

[0178] FIG. 1 shows, in schematic form, a system accord-
ing to a general embodiment of the present invention. A user
1 exhibits a variety of behaviours which can be recorded as
physical parameters of the user 1. These include behaviours
which can be passively recorded, such as the user’s pulse,
skin conductance, body temperature, location, activity, voice
or use of applications as well as behaviours which are
actively monitored, such as the user’s response to cognitive
tests and questions. Further examples of behaviours/param-
eters are set out above.

[0179] One or more of these physical parameters of the
user 1 are sensed by a wearable device 2 which includes at
least one sensor 3 which is arranged to sense the physical
parameter in question. The wearable device may be a
specifically designed sensor, such as a wristband to measure
pulse or skin conductance. The wearable device may be a
watch, a band, glasses or a smartphone. Further examples of
wearable devices are discussed above. The user may be
presented with visual or audible information by the wearable
device. Visual information may be displayed on a screen or
projected onto a surface. Audible information may be deliv-
ered via a speaker or via headphones or an earpiece.

[0180] The data from the sensor 3 is passed to a local
computing device 4 which has a processor 5, a memory 6
and optionally a display (not shown). The computing device
4 may be part of the wearable device or it may be a separate
device such as a smartphone, tablet, laptop or desktop
computer which is in communication with the wearable
device 2. Such communication is preferably wireless, for
example, 3 G, 4 G, Bluetooth or Wi-Fi, but may use a cable
linking the devices.

[0181] The computing device 4 is optionally in commu-
nication with a remote server 7 which has a storage 8. The
remote server may store baseline data for the user 1 or for
general populations. The comparison of the behavioural data
sensed by the sensor 3 may be carried out on the remote
server 7. Alternatively, the computing device 4 may request
baseline data for performing a comparison from the server.
In certain embodiments, the computing device 4 stores data
in its memory 5 which relates to the specific user, whilst the
server 7 stores normative data relating to the population as
a whole and/or specific data which is indicative of a par-
ticular condition or risk factor.

[0182] FIG. 1 also shows the flow of data in a method
according to a general embodiment of the present invention.
As shown by the arrows in FIG. 1, the behavioural data of
the user 1 is detected by the wearable device 2 and fed to the
processor 5 of a local computer 4 and may be stored in
memory device 6. The data may be transmitted by the local
computer 4 to a remote server 7 for storage or further
analysis.

[0183] FIG. 2 shows the same outline system as in FIG. 1
with the addition of a doctor/carer 9 (or their computer
interface). In the data flow shown in FIG. 2. the computing
device 4 or, optionally, the remote server 7, following
comparison of the data from the sensor 3 against the stored
baseline data, initiates a cognitive test for the user to
complete. This cognitive test may be initiated on the wear-
able device 2 if that device has a user interface (e.g. a
smartphone, smartwatch) or on the user interface of the
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computing device 4. The user 1 may be prompted to
complete the test by an audible, visual or sensory alert from
the wearable device 2.

[0184] Following completion of the cognitive test, the
results of the test are compiled and analysed by the processor
5 of the computing device 4, or by the remote server 7.
Depending on the outcome of the test, the computing device
4 or, optionally, the remote server 7 can pass information
regarding the user 1 to the doctor/carer 9, for example to
alert the doctor/carer to a material change in the user’s
cognitive function following the user completing a cognitive
test. The computing device 4 and/or the remote server 7 can
also pass a further warning, notification and/or recommen-
dation to the user 1 either through the wearable device 2 or
the user interface of the computing device. Again, the user
1 may be alerted to this warning, notification or recommen-
dation by an audible, visual or sensory alert.

[0185] FIG. 3 shows the same outline system as in FIGS.
1 and 2, but with the optional addition of a computer
interface 10 for the doctor/carer 9 to connect and commu-
nicate with the remote server 7.

[0186] As shown in FIG. 3, the doctor/carer 9 can interact
further with the user 1, either directly, or through either the
local computer 4 and/or the wearable device 2, or through
the remote server 7 (and thence through the local computer
4 and wearable device 2 ). This may be to initiate further
tests, deliver specific messages to the user 1, or pass on
instructions to the user 1 (for example that the user should
take a particular medication, or refrain from certain activi-
ties).

EXAMPLES OF THE INVENTION

[0187] A number of example uses of the systems and
methods according to embodiments of the present invention
will now be described. These examples are intended to be
representative of the range of possible uses that can be made
and are not to be considered in any way limiting the uses that
could be made of these systems and methods. The skilled
person will also appreciate that the uses set out in the
examples below can be readily modified, for example to
monitor different attributes or inputs in order to be directed
to a particular neurological condition.

[0188] The systems of embodiments of the invention are
able to capture moment-to-moment information about cog-
nition and other aspects of wellbeing in a way that has never
before been practical, due to the always-on and highly
sophisticated screens and graphics available in modern
smartphones and the new wearable devices. Furthermore,
being able to link this to contextual information about
physical location, and physical activity through the smart-
phone-device interaction can allow cognitive tests to be
triggered at relevant times as influenced by the behavioural
data. For example, when in a pre-specified location or when
sensed behaviour such as long periods of inactivity are
detected. This allows real-world assessment of behaviour
that until now has been objectively measurable only when
sat at a computer or a in a clinic.

Example 1

Epilepsy

[0189] In one preferred embodiment of the invention, a
system according to the invention is used to monitor a
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patient with a history of seizures. The patient may have been
experiencing a worsening of symptoms or may have been
prescribed new medication and the patient and doctor are
therefore interested in ascertaining the impact on the course
of the disease.

[0190] The wearable device is a band incorporating a
sensor which is capable of monitoring skin conductance.
Physical activity and location are measured via the wearable
device itself which may include a GPS location device
and/or accelerometers.

[0191] The sensor and the wearable device communicate
with the patient’s smartphone via a wireless connection,
such as Bluetooth, and with a remote server via Wi-Fi or 4G
signals (and over a physical backhaul network). The server
stores and runs software relating to cognitive testing for
epilepsy or other neurological disorders resulting in sei-
zures. The server also stores, in a memory device, validated
data sets for behavioural parameters of the general popula-
tion and patients suffering from such neurological disorders.
The server may also store specific data sets for behavioural
parameters of the individual patient, as well as records of
recent and historical data regarding the patient’s behaviour,
cognitive function and movement.

[0192] The patient has a nominated carer and a doctor who
can be notified by the system and who can access the
patient’s data via a computer interface linked to the server
through an internet connection.

[0193] The sensor repeatedly (and effectively continu-
ously, for example by periodic sampling) and passively
monitors the patient’s skin conductance and transfers data to
the wearable device for analysis. Software in either the
smartphone, the wearable device or the server compares the
user’s data to reference baseline data for the individual and
data sets for the general population and one or more relevant
populations of patients and provides feedback to the patient
and to the nominated carer and doctor in the form of
messages indicating patient status.

[0194] The feedback to the patient may be in the form of
simple statements or questions, such as “You are not 100%
today, let’s take a short test”; “Are you feeling ok?”; or “We
have a message for you to call your doctor”.

[0195] In the event that the behavioural data for the
individual falls outside of normal values, the system will
notify the user via the wearable device or smartphone to take
a cognitive test or answer simple and appropriate questions
regarding their current state of health.

[0196] The individual’s response (or lack of response) to
and performance in the cognitive test or questioning will be
recorded by the system, assessed and the data compared to
the reference data sets and a response generated substan-
tially in real time. The response may indicate an absolute
value of the physical parameter or a risk-measure indicating
worsening of the neurological disorder or an impending
seizure. The carer or doctor can be notified by the system
that a risk factor is present and can act accordingly. The
follow up action can be a phone call to the patient, insti-
gating an emergency response to the known location of the
individual, or triggering further cognitive assessments via
the system. Data from the patient’s location and state of
physical activity can be used to further inform the risk
assessment and the necessary or prompted action.
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Example 2

Dementia

[0197] In another preferred embodiment of the invention,
a system according to the invention is used to detect and
record symptoms consistent with dementia in an elderly
individual. The individual may live on their own and may
not be aware of, or able to recall, symptoms when in later
consultation with their doctor or carer.

[0198] The wearable device may be a watch or band
connected via wireless technology to a smartphone. Alter-
natively, the wearable device may be embedded in an item
of clothing or item of jewellery or may even be implanted on
the body. The sensor includes at least a GPS device and
optionally an accelerometer. The GPS device is used to
determine when the individual leaves their normal premises.
The accelerometer detects and measures periods of physical
activity and inactivity.

[0199] The system passively monitors the sensor for
unusual patterns of physical behaviour. The patterns of
behaviour for an individual are typically set in advance by
parameters in the system with input from the user and/or
their carer or healthcare professional. One such example
may be a rule regarding the user leaving the house outside
set hours, for example, during the hours of 10 pm and 7 am.
Alternatively or additionally the parameters may be learned
by the computer system following a period acquiring back-
ground data for the particular individual.

[0200] Where the system detects unusual patterns of
physical activity (i.e. patterns which are outside the param-
eters set in advance, whether in terms of location or specific
activity or inactivity, or an unusual sequence of activity), it
provides feedback to the individual. The feedback could be
in the form of information, questions and/or cognitive tests
sent to the smartphone. The response of the individual to this
feedback assists in the elimination of false positives and
provides further behavioural data that can be useful to the
individual’s medical team in understanding the individual’s
experience of dementia such as the duration/frequency of
such events. Other interventions can also be triggered by the
system for example by notification to the individual’s carer
(s), health professionals or emergency services such as
automated phone call, text message or e-mail.

[0201] Feedback can also occur at pre-programmed times
determined by the carer or doctor. For example a cognitive
test can be activated every morning in order to provide the
doctor with a more complete pattern of symptoms in
between clinical assessments.

Example 3

Multiple Sclerosis

[0202] Ina further preferred embodiment of the invention,
the individual’s coordination is monitored by the system
based on the individual’s behavioural data. The behavioural
data in this embodiment comprises physical screen inputs,
speed of response to stimuli during phone use, and voluntary
and involuntary movements monitored via a sensor com-
prising an accelerometer.

[0203] Parameters summarising co-ordination are mea-
sured against the individual’s personal history and/or dis-
ease-based norms.



US 2018/0070823 A1

[0204] If parameters deviate by more than a predetermined
amount from the individual’s personal norms or meet a
predetermined set of criteria defining a likely relapse, symp-
tom questions and cognitive tests are triggered by the
system.

[0205] Responses from the co-ordination, symptom and
cognitive parameters are summarised and compared with
reference baseline and longitudinal data for the individual
and data sets for the general population and relevant popu-
lation of patients to infer risk of relapse or describe char-
acteristics of change over time. If an increased risk of
relapse is determined, a report summarising the parameters
and inferences is sent to patient or clinician warning of a risk
of relapse.

Example 4

Stress and Cognitive Function

[0206] In a further preferred embodiment of the invention,
wearable sensors in the computer system detect blood pres-
sure or heart rate along with physical activity in the indi-
vidual. These values are monitored over time to determine
an individual-specific pattern of normal blood pressure and
heart rate during periods of inactivity. If blood pressure or
heart rate exceeds parameters determined by these indi-
vidual-specific values or predetermined general population
cut-offs in the absence of physical activity, a cognitive test
of attention is triggered by the computer system together
with questions about current stress level.

[0207] If responses to the questions suggest high current
stress levels, or cognitive test results show poor focus,
possible remedial actions are suggested. These might
include, for example, a relaxation exercise produced on the
smartphone or wearable device. Data from the monitoring
over time of blood pressure, heart rate, activity, cognitive
test results and responses to questions about stress, are
accrued over time and presented as feedback on the wear-
able or smartphone as graphic displays. This allows the
individual to understand daily and long-term patterns of
their stress and its effect on cognitive function.

Example 5

Mild Cognitive Impairment

[0208] In a further embodiment of the invention, the
system 1s used to monitor an older adult considered to be at
risk of dementia and who is showing some signs of mild
cognitive impairment (MCI) such as poor or variable
memory performance.

[0209] The system is utilised over a period of time which
may be days, weeks or months to enable the individual and
their doctor to better understand the extent and frequency of
memory lapses. The individual’s information may be com-
pared with population data to determine current degree of
impairment, predict prognosis or likely rate of worsening,
and enable forward planning by the individual (e.g. employ-
ment and financial planning) and better understanding by
their doctor of current range of memory problems and hence
prevention and treatment options for the individual.

[0210] The system collects behavioural data relevant to
known indicators of MCI, dementia, or dementia-related
disease such as Alzheimer’s and Parkinson’s diseases. Such
data may include use of the smartphone, physical activity,
and voice parameters. The system initiates cognitive assess-
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ments during the period of monitoring. The cognitive assess-
ments may be triggered in response to behavioural data
sensed by the wearable device or at fixed time intervals.
[0211] The behavioural data is combined with cognitive
performance scores and compared to population-based data-
sets. The observed and comparative data is interpreted to
provide inferences regarding current risk of disease or
change in recent health state. This information is passed to
the health professional, individual, and/or carer.

Example 6

Effects of Sleep Deprivation/Fractionated Sleep

[0212] In a further embodiment of the invention, the
system is used to monitor a person’s sleep duration and/or
quality.

[0213] The sensors in the wearable device measure the
person’s sleep duration and/or quality. In one embodiment,
this is done by using an accelerometer to determine both the
time at which the person enters and leaves sleep, as well as
the proportion of the different types of sleep. Alternatively
or additionally, the sensor(s) may monitor body temperature
fluctuations and/or direct polysomnography to provide this
information.

[0214] If the person’s sleep deviates from the predeter-
mined baseline for the individual by more than a certain
amount, for example if the person obtains significantly less
than the usual amount of sleep or if the person obtains less
than a certain amount of deep sleep, a cognitive test can be
initiated after the person has awoken.

[0215] The recorded parameters of the sleep and the
results of the cognitive test(s) and, optionally, the person’s
recent sleep and cognition history (last few days—as
recorded by the system) are compared with a database and
used to determine a risk index for that person. Several
methodologies for the assessment of sleep disorders are
known in the art and an appropriate methodology may be
selected based on the medical history of the individual. For
example, the apnea-hypopnea index has utility in relation to
risk of traffic accidents and the SCOPA Sleep scale is useful
in individuals with Parkinson’s Disease and other popula-
tions.

[0216] Depending on the outcome of the comparison, and
in particular if the risk index exceeds certain thresholds,
warnings are displayed to the user on the display.

[0217] The system could find particular use in relation to
individuals who are employed in particular high-risk occu-
pations, such as air traffic control, pilots, heavy machinery
operators, surgeons, in which cases, warnings could also be
sent to an employer or supervisor.

[0218] Sleep patterns are also a risk indicator for patients
with certain neurological disorders, including Parkinson’s
Disease, and the system could also find use in monitoring the
patient for evidence of progression of disease and/or
response to medical treatment.

Example 7

Assessment of Agents for the Treatment of
Neurological Disorders

[0219] In further embodiments of the present invention,
the system is used in the clinical development of agents for
the treatment of neurological disorders.
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[0220] The system can assist in improving clinical trials
by providing a more accurate baseline from which to mea-
sure a treatment’s effects and a new means to remotely
monitor the safety or efficacy of new drugs being tested.
These technological developments are urgently needed
because approval rates for new brain-related drugs are low,
causing pharmaceutical companies to seek better ways to
run clinical trials and more accurate ways to target individu-
als who may be at a high risk of disorders such as Alzheim-
er’s disease.

[0221] Real time mobile cognitive monitoring has the
potential to revolutionise the way clinical trial monitoring of
cognition for both safety and eflicacy can occur. Safety and
efficacy endpoints are problematic to assess using current
computerized cognitive assessments.

[0222] The system presents cognitive tests and other ques-
tions on a wearable (e.g. watch) or smartphone device. It
therefore collects information about cognitive performance
in the patient’s own environment rather than in laboratory or
clinical contexts. Cognitive tests and other questions are
triggered at fixed timepoints or in response to sensed behav-
iour (e.g. periods of inactivity of a given duration). These
data provide an accurate ‘baseline’ of cognitive performance
and show individual-level variation across the day or longer
periods.

[0223] This individual-level baseline data can then be
compared with data collected using the same system when
a patient is taking part in the active or placebo arm of a
clinical trial. The pattern of data collected in the two
conditions is compared to provide a more accurate assess-
ment of the effect of the drug or other intervention and any
variability of this effect that can be attributed to time-related
factors such as hours of waking and sleep, timing of admin-
istration of drugs / interventions, daily patterns of physical
activity.

[0224] This more frequent data collection increases the
power of clinical trials by increasing the probability of
detecting true effects of an intervention among the environ-
mental ‘noise’ and without the drawbacks of clinical and lab
settings (e.g. white coat syndrome). This improved signal-
to-noise ratio can allow companies to detect significant drug
effects in smaller samples, thereby accelerating the drug
development process.

[0225] A second use for systems according to embodi-
ments of the invention in clinical trials is to allow long-term
infrequent cognitive monitoring of the effects of an inter-
vention. This makes longer, more representative and less
localised clinical trials logistically practical by substituting
remote monitoring for more expensive face-to-face interac-
tions. This is particularly important in allowing companies
to monitor large numbers of patients for potential cognitive
safety concerns over long periods of time, potentially allow-
ing regulators to make new treatments available sooner
where there is high unmet medical need.

[0226] A third use for systems according to embodiments
of the invention is in the cognitive monitoring of the effects
of an agent following the grant of a marketing authorisation
or other form of product licence by the competent regulatory
authority such as the Food and Drug Administration (FDA)
in the US or the Furopean Medicines Agency (EMA) in the
European Union. Holders of a marketing authorisation are
under a regulatory duty to conduct an ongoing pharma-
covigilance assessment for each agent and may be required
to conduct post-marketing clinical studies (also known as
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Phase IV studies) to assess, for example, the long-term side
effects of the agent. The methods and systems of the
invention are thus applicable to the continued assessment of
the risk:benefit of agents not only during clinical develop-
ment but also following the grant of marketing authorisa-
tion.

Example 8

Assessment of Whether a Treatment is of Benefit to
a Patient

[0227] In further embodiments of the present invention,
the system is used to assess whether a particular treatment
for a neurological disorder is safe, effective or of benefit to
a patient. The system may also be used to assess whether a
treatment for a disorder is having any effect whether
intended or unintended on the patient’s cognitive function.
The system may also be used to investigate the conse-
quences for the patient if the dose or dosing schedule of a
particular treatment is changed.

[0228] The system presents cognitive tests and other ques-
tions on a wearable (e.g. watch) or smartphone device. It
therefore collects information about cognitive performance
in the patient’s own environment rather than in laboratory or
clinical contexts. Cognitive tests and other questions are
triggered at fixed timepoints or in response to sensed behav-
iour (e.g. periods of inactivity of a given duration). These
data provide an accurate ‘baseline’ of cognitive performance
and show individual-level variation across the day or longer
periods.

[0229] The baseline performance may be built up prior to
prescription of a course of treatment for a patient.

[0230] This individual-level baseline data can then be
compared with data collected using the same system when
the patient is undergoing the prescribed course of treatment.
The pattern of data collected before and after the commence-
ment of the course of treatment is compared to provide a
more accurate assessment of the effect of the treatment and
any variability of this effect that can be attributed to time-
related factors such as hours of waking and sleep, timing of
administration of drugs / interventions, daily patterns of
physical activity.

[0231] The data collected for an individual patient can be
used by a healthcare professional to assess the safety,
efficacy or benefit of a treatment an individual patient and
the effects of changes to the dosing regimen for the treat-
ment.

[0232] The systems and methods of the above embodi-
ments may be implemented in a computer system (in par-
ticular in computer hardware or in computer software) in
addition to the structural components and user interactions
described.

[0233] The term “computer system” includes the hard-
ware, software and data storage devices for embodying a
system or carrying out a method according to the above
described embodiments. For example, a computer system
may comprise a central processing unit (CPU), input means,
output means and data storage. Preferably the computer
system has a monitor to provide a visual output display (for
example in the design of the business process). The data
storage may comprise RAM, disk drives or other computer
readable media. The computer system may include a plu-
rality of computing devices connected by a network and able
to communicate with each other over that network.
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[0234] The methods of the above embodiments may be
provided as computer programs or as computer program
products or computer readable media carrying a computer
program which is arranged, when run on a computer, to
perform the method(s) described above.

[0235] The term “computer readable media” includes,
without limitation, any non-transitory medium or media
which can be read and accessed directly by a computer or
computer system. The media can include, but are not limited
to, magnetic storage media such as floppy discs, hard disc
storage media and magnetic tape; optical storage media such
as optical discs or CD-ROMs; electrical storage media such
as memory, including RAM, ROM and flash memory; and
hybrids and combinations of the above such as magnetic/
optical storage media.

[0236] While the invention has been described in conjunc-
tion with the exemplary embodiments described above,
many equivalent modifications and variations will be appar-
ent to those skilled in the art when given this disclosure.
Accordingly, the exemplary embodiments of the invention
set forth above are considered to be illustrative and not
limiting. Various changes to the described embodiments
may be made without departing from the spirit and scope of
the invention.
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1.-26. (canceled)

27. A method for neurological analysis and treatment, the
method comprising:

sending, by a server, a request to a wearable device for

sensor data, wherein the sensor data relates to at least
one physical parameter of a patient;

receiving, at the server from the wearable device, sensor

data;

sending, by the server, instructions to the wearable device

to present a cognitive test based on the sensor data;
receiving, at the server from the wearable device, results
of the cognitive test;

comparing, by the server, the results against a predeter-

mined baseline;

determining, at the server, based on the comparison and

the received sensor data, an assessment of the user; and
sending, by the server, a notification to the wearable
device based on the assessment.

28. The method of claim 27, wherein the at least one
physical parameter includes brain-wave activity, heart rate,
body temperature, blood pressure, voice pitch, talking speed,
reaction times, use of smartphone, an amount of physical
motion, facial expression, skin conductance, or location
data.

29. The method of claim 28, wherein the predetermined
baseline includes specific population data for a neurological
disorder, wherein the disorder is selected from a group of
disorders comprising: Alzheimer’s, Parkinson’s, dementia,
attention deficit hyperactivity disorder (ADHD), depression,
bipolar disorder or mild cognitive impairment (MCT).

30. The method of claim 29, wherein the cognitive test
includes at least one of the following: stop signal test; paired
associates learning; Tower of London, pattern recognition;
sustained attention; or spatial working memory.

31. The method of claim 30, further comprising;

sending, by the server, instructions to the wearable device

to present a second test based on the results of the
cognitive test; and
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receiving, by the server, the results of the second test and
including them in the assessment of the user.

32. The method of claim 31, further comprising evaluat-
ing, by the server, an effectiveness of a treatment after a
change in a treatment dosage based on the assessment and
known treatment data.

33. The method of claim 30, further comprising sending
an indication of the safety or effectiveness to a healthcare
entity conducting a clinical study of a treatment for depres-
sion, Alzheimer’s, Parkinson’s, dementia, attention deficit
hyperactivity disorder (ADHD), bipolar disorder or mild
cognitive impairment (MCI).

34. The method of claim 33, wherein the step of sending
an indication of the safety or effectiveness to a healthcare
entity comprises sending an indication of the safety or
effectiveness to a healthcare entity conducting a clinical
study of a treatment for depression.

35. A wearable device for neurological assessment and
treatment, comprising:

one or more processors; and

a plurality of sensors operatively coupled to the one or
more processors configured to measure at least one
physical parameter of a user;

the one or more processors further configured to compare
the measurements to predetermined threshold values
and determine to present a cognitive test to the user
based on the comparison of the measurements;

a user interface controlled by the one or more processors
configured to present the cognitive test to the user;

a memory operatively coupled to the one or more pro-
cessors configured to record results of the cognitive
test, wherein the one or more processors is further
configured to compare the results of the cognitive test
to a predetermined baseline stored in the memory and
determine, based on the comparison and the at least one
measured physical parameter, an assessment of the
user; and

the user interface and the one or more processors further
configured to display a notification regarding the
assessment.

36. The wearable device of claim 35, wherein the at least
one physical parameter includes brain-wave activity, heart
rate, body temperature, blood pressure, voice pitch, talking
speed, an amount of physical motion, facial expression, skin
conductance, or location.

37. The wearable device of claim 36, wherein the prede-
termined baseline includes specific population data for a
neurological disorder, wherein the disorder is selected from
a group of disorders comprising: Alzheimer’s, Parkinson’s,
dementia, attention deficit hyperactivity disorder (ADHD),
depression, bipolar disorder or mild cognitive impairment
(MCT).

38. The wearable device of claim 37, wherein the cogni-
tive test includes at least one of the following tests: stop
signal test; paired associates learning; Tower of London,
pattern recognition; sustained attention; or spatial working
memory.

39. The wearable device of claim 38, wherein the plurality
of sensors includes a GPS, accelerometer, camera, or a heart
rate monitor.

40. The wearable device of claim 39, wherein the user
interface and one or more processors are further configured
to present a second test based on the results of the cognitive
test, wherein the memory and the one or more processors are
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further configured to record results of the second test and
include results of the second test in the determination of the
assessment of the user.

41. The wearable device of claim 40, wherein the one or
more processors are further configured to evaluate an effec-
tiveness of a treatment after a change in a treatment dosage
based on the assessment and known treatment data.

42. The wearable device of claim 41, further comprising
a transceiver operatively coupled to the one or more pro-
cessors configured to send an indication of the effectiveness
and the assessment to a healthcare entity conducting a
clinical study for depression.

43. A computer readable medium operatively connected
to one or more processors that configures a wearable device
for neurological assessment and treatment, comprising a
plurality of instructions that when executed by the one or
more processors cause the wearable device to:

measure at least one physical parameter of a user peri-
odically using a plurality of sensors connected to the
wearable device;

compare the measurements to predetermined threshold
values;

determine to present a cognitive test to the user through a
user interface of the wearable device based on the
comparison of the measurements;

present the cognitive test through the user interface;

record results of the cognitive test to a memory of the
wearable device, including response times or reaction
times of the user;

compare the results of the cognitive test to a predeter-
mined baseline;

determine, based on the comparison and the at least one
measured physical parameter, an assessment of the
user;

display an alert through the wearable of the assessment
based on the determination.

44. The computer readable medium of claim 43, wherein
the at least one plurality of physical parameter includes
brain-wave activity, heart rate, body temperature, blood
pressure, voice pitch, talking speed, an amount of physical
motion, or location.

45. The computer readable medium of claim 44, wherein
the predetermined baseline includes specific population data
for a neurological disorder, wherein the disorder is selected
from the group of disorders comprising:

Alzheimer’s, Parkinson’s, dementia, attention deficit
hyperactivity disorder (ADHD), depression, bipolar
disorder or mild cognitive impairment (MCI).

46. The computer readable medium of claim 45, wherein
the plurality of instructions, when executed by the one or
more processors, further cause the wearable device to evalu-
ate an effectiveness of a treatment after a change in a
treatment dosage based on the assessment and known treat-
ment data.

47. The computer readable medium of claim 43, wherein
the plurality of instructions, when executed by the one or
more processors, further cause the wearable device to send
an indication of the safety or effectiveness and the assess-
ment to a healthcare entity conducting a clinical study of a
treatment for depression, Alzheimer’s, Parkinson’s, demen-
tia, attention deficit hyperactivity disorder (ADHD), bipolar
disorder or mild cognitive impairment (MCI).
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