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ABSTRACT ~ Objective: Self~management of bipolar disorder (BD) is an important com-
ponent of treatment. Methods: We developed a patient-centered computational software
system based on concepts from nonlinear systems (chaos) theory with mobile access to assist
in managing BD known as KIOS. KIOS tracks interacting symptoms to determine the-
precise state of a BD patient. Once the patient’s state is identified and the trajectory of the
patient established, specfic advice is generated to help manage the course of the disease.
KIOS also provides analytics that can be used by clinicians and researchers to track out-
comes and the course of illness. A 12-week field test was completed. Results: In 20 BD
subjects, use of KIOS was associated with improvements in primary symptom categories of
BD. Usability and generated advice were rated as a median of 6 out of a maximum of 7.
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Conclusions: The KIOS focus on change illuminates problems in the same way that
humans experience them, implying that the future state will be consequent to changes made
to impact the current state. Randomized clinical trial is indicated. Psychopharmacology
Bulletin. 2021;51(2):8-19.

INTRODUCTION

The functional impairment and associated cost of lost productivity
from bipolar disorder (BD),"? coupled with the insufficient number of
health professionals in the field and the requirements of the Affordable
Care Act call for implementation of effective self-management
programs.3~ Although psychiatrists routinely educate patients about
clinical states and treatment options, self-management can be time-
consuming, complex, and overwhelming for patients.* Recognizing
changes in symptoms and subsequently taking the appropriate action
is challenging for even the most conscientious and knowledgeable
patients.® The complexity inherent in BD also creates problems in the
implementation of personalized self-management programs. A nine- 9

week online BD self-management education program experienced high =~ Bewden et al
attrition, in part because the information provided was too general and

not adapted to the specific needs of participants.”# We have embarked

on a project to develop patient-centered software for use in a smart

phone or computer to assist in effective self~-management of BD. We

report herein the rationale, methodology, and results of first stage and

prototype developments.

BD has been studied extensively using methodologies that aggregate
data and apply traditional statistical methods to determine the efficacy
of treatment interventions. These static endpoints do not account for
the dynamics of the symptomatology that individual patients experi-
ence. We have developed software that employs novel nonlinear meth-
ods to track changes in multiple clinical measures in BD as they evolve
over time. This focus on change illuminates problems in the same way
that humans experience them, implying that the future state of the
patient will be consequent to changes made to impact the current state.
This removes a major contributor to a patients expectation of persistent fumnc-
tion-impairing illness: the sense that the disease is out of his/her control. The
software is referred to as KIOS®.

METHODS

Expert Panel. We selected an Expert Panel of eight psychiatrists to
complete the initial aim of the project. All had participated in large,
high impact longitudinal clinical studies involving BD over the previous
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15 years.”” 1! Each panelist initially worked independently to respond
to identical instructions including the following: “We are attempting to
identify a limited list of variables that, assessed dynamically over time, will
best reflect the current clinical state of the patients bipolar disorder. Please
select variables with regard fo the extent that a change in the variable is
important in determining the patient’s current clinical state.” Each panel
member selected 10 variables from an initial set of over 50 items appear-
ing in the Montgomery—Asberg Rating Scale (MADRS), Young Mania
Rating Scale (YMRS), or the more comprehensive Bipolar Inventory
of Symptoms Schedule (BISS).!271# The initial list of variables also
included aggregate scale scores and some lab indices (e.g. Thyroid
Stimulating Hormone). Each expert was encouraged to recommend
any other variables that should be included in the study.

Initial Selections. Panelists favored variables inherently experienced
by patients vs. those not (e.g., reported sadness over observed sadness),
variables with higher mean severity scores (energetic over hyperactive)
in independent samples of bipolar patients studied in a randomized,

10  blinded 8 month treatment study® and studies conducted in psychomet-

Bowden, et dl. ric characterization of the BISS.14-16 Following selection of individual
variables, panelists were asked to relate variables to at least one of the
primary clinical states of BD: depression, mania/hypomania or mixed
state. This step allowed us to apply quantitative data to the final sets of
variables and variable pairs. We required that each variable have explor-
atory factor analysis loading = 0.40 on 1 of the 5 symptom domains
of bipolar disorder (depression, irritability, mania, anxiety, psychosis).'®
We also required that the mean severity of each variable be = the mean
severity (i.e., = 1.8) of the variable in patients who were syndromally
manic/hypomanic, mixed state or depressed.

Eight symptoms were selected as essential to characterizing the cur-
rent state of a bipolar patient (Table 1). The symptoms, though selected
independently by each expert, were highly overlapping. Two symptoms,
psychomotor slowing and affective lability, are absent in the MADRS
and YMRS, but present in the BISS, which we developed over the past
decade as part of an NIMH Center grant.!? The BISS offers a clinician

as well as a self-assessment version which was readily adaptable to KIOS.

(TABLE 1 )

SymproMs IDENTIFIED BY THE ExPERT PANEL

Sadness Less Need for Sleep
Pessimism Energetic

Slowed Down Shifting Emotions
Irritability Anxiety
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The expert team identified the key symptoms that, collectively, define
the following clinical states of a BD patient: remitted; i.e., euthymia,
manic, mixed, depressed, subsyndromal manic/mixed and subsyndro-
mal depressed. For variables that seemed too abstruse for a broad con-
stituency we substituted less technical terms. For example, psychomotor
slowing became slowed down, and affective lability became shifting
emotions. Based on changes in these variables, the expert team was able
to provide specific information about the state of the patient and embed
KIOS with both non-pharmacological and pharmacological interven-
tion advice for patients and practitioners. KIOS provides a brief nar-
rative interpretation of clinical changes in illness trajectory. Because
KIOS focuses on dynamic, not static information, it comports with
learning processes by which individuals understand complex but com-
mon every day matters in other realms of life.

KIOS is based on a novel approach to nonlinear systems theory. The
software evaluates bipolar symptoms dynamically over time to establish
a behavioral trajectory, enabling individualized treatment recommenda-
tions and analyses that can yield new outcome measures. KIOS was 44

used to assess variable characteristics in a de-identified data set from  Buzm erar
an NIMH-funded 8 month randomized study of two treatments for
bipolar patients in depressive episodes.” Rather than apply traditional
statistics that aggregate the sample data, the KIOS software performed
analyses on the unique trajectories of each subject. The resultant data
set contained all individual variable changes for 86 subjects, consist-
ing of 628 assessments. This analysis provided empirical evidence of
each variable’s dynamic characteristics to the Expert Panel. The analy-
ses constitute an evidenced-based screening to ensure that the vari-
ables selected by the team of experts would be adequately responsive to
changes in illness state.

Subsequent to identifying and selecting the variables, the experts
were able to relate variable changes to bipolar clinical states, and couple
them with suggestions for managing the patients’ evolving condition.
The ability to associate clinical states and intervention strategies to the
dynamic states defined by the variables is paramount to the applica-
tion of this technology. The process for developing first step actions
for patients was straight-forward, and there was general concurrence
among the experts regarding the advice to be offered.

The suggestions to the patient are generally in the 10-40 word range.
The recommendations are intended to encourage a mind set and actions
that are involved in mindfulness-based treatment.!” Such approaches
encourage patients to remain in contact with, and cope effectively with,
emotions, urgent but harmful desires (e.g., overeating), and environ-
mental cues that provoke undesirable emotions.!® These strategies
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contrast with relapse prevention therapy, which focuses on avoidance
based goals and actions.

Building the User Interface. The KIOS user interface is optimized
for compatibility with smart phones and is also accessible via tablets
and personal computers. The user-friendly navigation system provides
a sliding cursor to allow the patient to input their data by tapping on a
visual analog scale rather than using a numerical scale. Each variable on
the scale is anchored at the two ends by “Not at all”and “Severely.” This
provides the severity measure of each symptom variable and facilitates
KIOS analytics dealing with ties or unclear trajectory dominance, par-
ticularly when symptom pair changes are ambiguous at face value. The
color intensity of the visual analog scale rises as the severity increases.
The current version of KIOS is HIPAA compliant as protections were
built into the prototype as it was developed, an important distinction
from the majority of patient-centered apps.'’

Table 2 shows two examples of changes in Sadness and Pessimism
in which both variables have changed from a previous assessment. The

12  automatic employment of a non-parametric severity of a symptom vari-

Bowden, ot dl. able, made possible by the patient’s use of a sliding cursor for each

(TaBLE 2 )

Guipanck RecarpING AcTiONS CONSEQUENT TO SympTOM CHANGE

SYMPTOM CLINICAL STATE/ WHAT YOU CAN DO/ THINGS YOU OR A FAMILY
CHANGES DIAGNOSI CONSIDER NOW MEMBER CAN DQ
Decrease Improvement Continue with current With sadness
in both in depression; interventions. and pessimism
Sadness and  Subsyndromal Discuss your long decreasing, you are
Pessimism depression term treatment moving away from
strategies with your depression. Be sure
doctor, counselor, to maintain a good
loved ones sleep cycle to sustain

your progress. This is
also a good time to
consider work, hobby,
social, recreational,
and exercise pursuits

Increase in Inconsistent Continue your mood  Review your social,
Sadness and change in stabilizer(s) vocational,
decrease in level of Continue, or start a recreational/exercise
Pessimism depression; drug for depression, pursuits. Are they
Subsyndromal particularly with optimal?
depression energy benefits.

Consider combining
mood stabilizers
with each other to
reduce side effects
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variable on a line anchored at the two ends by “None” and “Severely,”
facilitates the KIOS analytics dealing with ties, or unclear trajectory
dominance, particularly when symptom pair changes are ambiguous
at face value. The medication and non-medication intervention exam-
ples displayed in Table 2 are representative of a broad range of the full
spectrum of recommendations in the actual KIOS tool. All have been
screened to be clearly understood by a broad spectrum of patients;
medication advice was excluded from the Field Trial and therefore not
accessible to the patients in this initial study. As previously described,
the patient-friendly recommendations are based on a mindfulness
approach.17:18:20 KTOS technology is capable of producing more than
43,000,000 unique patient reports, indicative of the complexity of bipo-
lar disorder.

KIOS processes the assessment data and provides the advice from
experts in report form along with graphics showing trajectories of bipo-
lar symptoms over time. An example of symptom trajectories for ‘shift-
ing emotions’ and ‘energetic’is displayed in Figure 1.

Software Development. The software is accessible and compatible 43

with smart phones, (both IOS and Android systems) and is also opera-  Bouwden, ez at
tional on computers and tablets if patients prefer larger screens. The
ongoing work to refine the patient and clinician software can be divided
into two components: (1) internal services such as data storage and
network interfaces and (2) user interfaces. The basic functionality of

(FIGURE 1 D)

AN ExampLE oF SympTOM TRAJECTORIES FOR ‘SHIFTING EMOTIONS’
AND ‘ENERGETIC’ AS VIEWED BY USERS OR THE APP
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KIOS includes an ability to accept patient data, provide patient-specific
non-medication suggestions and graphic depictions of current severity
and history of symptoms.

Usability. KIOS was evaluated in a 12-week, IRB approved trial
of 20 BD patients to assess usability of the software, compliance and
patient acceptance. Subjects were individuals diagnosed By SCID crite-
ria with bipolar I or II disorders, all recruited from a mood and anxiety
disorder clinic professionally staffed by Drs. Singh, Tohen, and Bowden.
Post study, participants were asked to complete a modified IBM CSUQ_
(Computer System Usability Questionnaire)?! to rate usability and
utility. Study participants were also asked to evaluate the graphs and
advice that KIOS provides. Answers were provided on a 1 to 7 Likert-
type scale. Open-ended questions were included to solicit suggestions,
criticisms and comments.

RESULTS

14 Seventeen of the twenty (85%) subjects completed the trial, per-
Bowdem, etal.— forming at least one assessment weekly. As shown in Table 3, seven
of the eight items were scored to yield more symptom decreases
than increases. Only “slowed down” increased more than decreased.
Variables showing the greatest improvement were, in order, shifting
emotions, sadness and irritability. For shifting emotions, 37.4% of
time intervals were decreases, 32.0% were increases, and 30.6% were
unchanged.
Most patients rated each of the usability parameters as 6 or 7 on the
1-7 (7=Dbest) scale (Table 4). Likewise, the benefits of KIOS and the
advice it provides were received favorably. The survey results identified
the graphs as an area that needs improvement, particularly with regard
to making the graphs easy to understand. Most participants preferred
having a weekly assessment vs. more frequent or daily interactions.
Email reminders or push notifications to take the assessment were also
requested by some participants.
Inashort query of opinions of the subjects who tried KIOS for 12 weeks,
the following are the most common free entries of the participants:

“I would like to use KIOS every time a bipolar incident occurs.”

“It was easy and simple and I liked tracking my progress.”

“I really used the advice. So much of it was spot on.”

“It told me what my results mean and what to tell my doctor.”

“It helps me look at my feelings and behavior for the week objectively,
which is helpful.”

“It showed me I knew what I was doing.”
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(TaBLE4 )

UsasiLity Resurts AND EvaLuaTioN oF FEATURES

QUESTION GRQUP MEDIAN RESPONSE
User Experience 6.0
Benefits 6.0
Graphs 4.0
Advice 6.0

DisCUSsSION

As with any repetitive daily or weekly activity undertaken for one’s
physical or emotional well-being, e.g., exercise, hair and nail care;
individuals vary in the degree that they maintain participatory inter-
est. The two strongest motivations expected to impact KIOS use are
the short term benefit it can potentially contribute to one’s sense of
well-being, and in the experience of being free of disincentives (e.g.,
a tedious interface, ambiguous recommendations, or excessive time

16 commitments). The current phase of KIOS development includes

Bowden, ot dl. such details in software as well as input/output procedures. Although
not formally studied to this point, two linked benefits are noteworthy.
First, KIOS provides a self-assessment that could be available to psy-
chiatrists and other members of a patient’s health care team. This
could strengthen meaningful long-term health care provision by pro-
viding reassurances of sustained benefit, or of early recognition of
new problems. Moreover, the information is principally of the trajec-
tory, not just the less useful cross-sectional score. Second, a major
impediment to the study of chronic, waxing and waning disorders is
that cost and adequate methodology are both barriers. Appropriately
tested for such, KIOS could be a component of long-term self-assess-
ment of illness/health status. This could aid outcomes, contribute
to intervention studies, and yield information important for public
health data.?2-2°

The concepts and methods summarized here could be of similar
utility in other diseases, both psychiatric and non-psychiatric. However,
systematic attention to the unique features of the disorder and vetting
of the app would require the same efforts summarized herein.

Full development and examination of the KIOS app would ultimately
require a 12-month, randomized, open comparison study with a cur-
rently available web-based mood chart, such as eMoods. The study
would include the aim of testing for safety, ease of use by persons who
are in treatment for BD, and comparative indices of effectiveness of the
two patient accessed tools. Such a study has been performed and the
data are being analyzed.
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LIMITATIONS

The concepts of nonlinear dynamics are not routinely utilized by cli-
nicians, or for that matter, investigators working with BD. Other con-
straints stem from the difficulty of testing hypothesis when familiar
concepts of linear causality and statistical correlation no longer apply.
Although mathematical complexity could deter clinician and researcher
interest, the clinician already faces challenging complexity in deciphering
how best to treat a bipolar patient over time. Furthermore, neither the
clinician, nor the patient needs to utilize mathematical knowledge for
using the interface. The data set which we will accumulate will also be
addressable through latent class analysis procedures. The net results
can yield practical guidance through integrating several variables into a
single decision tree, e.g., what treatment(s) for a bipolar mixed state are
effective, well tolerated .and persisting in their benefits? The program of
the app is flexible and in a state of continuous improvement.

CONCLUSIONS 17

. . . . Bowden, et al.
Self-management of symptoms in BD is a growing desire among

patients afflicted with this condition. Currently available apps leave much
to be desired. The KIOS app will be able to both assess symptom change
trajectory of patients, and provide practical, personalized feedback that
can alter disease progression. The KIOS app is expected to be the first
self-management tool to be studied in a randomized clinical trial. s
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