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Abstract

This bachelor thesis deals with study of bipolar disorder and analysis of objective data from
actigraphy. The case study of long-term recordings of two patients is presented. The thesis
goal is to predict relapse using Approximate Entropy and Circadian Rhythms Instability.
Parameters IV and IS of Circadian Rhythms Instability methods described the change of pa-
tient status before the bipolar event. However, the relapse prediction couldn't be performed
accurately.

Keywords: Approximate Entropy, Circadian Rhythms Instability, prediction

Abstrakt

Tato bakalá°ská práce se zabývá studií bipolární poruchy a analýzou objektivních dat získané
z aktigramu. Práce se zabývá studii dlouhodobým záznamem dvou pacient·. Cílem této
bakalá°ské práce je pouºití dvou metod Aproximativní entropie a Cirkadiánní rytmu nesta-
bility pro predikci relaps·. Hodnoty paramet· IV a IS u metody Cirkadiánního rytmu
nestability popisují zm¥nu stavu pacienta p°ed a po relapsi. Nicemén¥, predikce relaps·
nemohly být p°esn¥ ur£eny.

Klí£ová slova: Aproximativní Entropie , Cirkadiánní rytmus nestability, predikce
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Chapter 1

Introduction

This bachelor thesis deals with analysis and processing the data of patients, who su�er from
bipolar disorder. The main goal of the study is the prediction of patient's relapse. Bipolar
disorder is a kind of the mental illness which causes unexpected changing of moods which are
recognized as mania or depression. According to doctors and scientists the bipolar disorder
has its origin in genetic.

Currently there is no rigorous procedure for the permanent cure. A patient su�ering from
bipolar disorder has to visit regularly his doctor who monitors a patient's condition by a
subjective questionnaire. The question-form consists of 18 questions in which the patient
chooses his actual mental condition. Based on the results of the questionnaire, the doctor
can recognize coming mania or depression. It is possible to stabilize the patient's mood by
administering him appropriate dose of medications.

My study focuses on a new method for predicting patient's relapses in order to prevent pos-
sible patient hospitalization. The method called Approximate Entropy makes use of data
which are collected by an actiwatch attached to the wrist like a classic wristwatch. This
device records actual patient's physical activity which may give a clue about the possible
relapse. In contrast to a subjective questionnaire, it provides objective actigraphy data.
Thus my work inheres in processing and comparing data before and after known relapses.

In the bachelor thesis I assess the data of 2 patients who su�ciently collaborated on the
research. Patient no.1 have been participating in this study for more then 3 years, patient
no.6 for more than 1 years.

This study is divided into 6 sections starting with Introduction. The 2nd section is a descrip-
tion of the bipolar disorder's symptoms, causes, treatments and drugs. The third section
describes the de�nition and implementation of the methods, backed up by several exam-
ples. The next section deals with actigraphy and preparing data preprocessing. Section 5
is dedicated to data analyses and descriptions of the results. The last section contains the
conclusion and outlines future directions.
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Chapter 2

Bipolar disorder

2.1 What is the bipolar disorder?

Bipolar disorder, also known as manic-depressive illness, is a brain disorder that causes un-
usual shifts in mood, energy, activity levels, and the ability to carry out day-to-day tasks.
Symptoms of bipolar disorder are severe. Bipolar disorder symptoms can result in damaged
relationships, poor job or school performance, and even suicide. But bipolar disorder can be
treated, and people with this illness can lead full and productive lives.

Although bipolar disorder is a disruptive, long-term condition, you can keep your moods in
check by following a treatment plan. In most cases, bipolar disorder can be controlled with
medications and psychological counseling (psychotherapy) [13].

Bipolar disorder is not easy to spot when it starts. The symptoms may seem like separate
problems, not recognized as parts of a larger problem. Some people su�er for years before
they are properly diagnosed and treated. Like diabetes or heart disease, bipolar disorder is
a long-term illness that must be carefully managed throughout a person's life.

Bipolar disorder often develops in a person's late teens or early adult years. At least half of
all cases start before age 25. Some people have their �rst symptoms during childhood, while
others may develop symptoms late in life.

2.2 The symptoms of bipolar disorder?

People with bipolar disorder experience unusually intense emotional states that occur in dis-
tinct periods called "mood episodes." An overly joyful or overexcited state is called a manic
episode, and an extremely sad or hopeless state is called a depressive episode. Sometimes,
a mood episode includes symptoms of both mania and depression. This is called a mixed
state. People with bipolar disorder also may be explosive and irritable during a mood episode.

Extreme changes in energy, activity, sleep, and behavior go along with these changes in
mood. It is possible for someone with bipolar disorder to experience a long-lasting period of
unstable moods rather than discrete episodes of depression or mania.

2
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A person may be having an episode of bipolar disorder if he or she has a number of manic
or depressive symptoms for most of the day, nearly every day, for at least one or two weeks.
Sometimes symptoms are so severe that the person cannot function normally at work, school,
or home.

Bipolar disorder is divided into several subtypes. Each has a di�erent pattern of symptoms.
You can see symptoms re�ect a range of moods in �g.2.1 .

2.2.1 Manic phase of bipolar disorder

Signs and symptoms of the manic or hypomanic phase of bipolar disorder can include:

• Euphoria

• In�ated self-esteem

• Poor judgment

• Rapid speech

• Racing thoughts

• Aggressive behavior

• Agitation or irritation

• Increased physical activity

• Risky behavior

• Spending sprees or unwise �nancial choices

• Increased drive to perform or achieve goals

• Increased sex drive

• Decreased need for sleep

• Easily distracted

• Careless or dangerous use of drugs or alcohol

• Frequent absences from work or school

• Delusions or a break from reality (psychosis)

• Poor performance at work or school
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2.2.2 Depressive phase of bipolar disorder

Signs and symptoms of the depressive phase of bipolar disorder can include:

• Sadness

• Hopelessness

• Suicidal thoughts or behavior

• Anxiety

• Guilt

• Sleep problems

• Low appetite or increased appetite

• Fatigue

• Loss of interest in activities once considered enjoyable

• Problems concentrating

• Irritability

• Chronic pain without a known cause

• Frequent absences from work or school

• Poor performance at work or school

Figure 2.1: Changing of moods
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2.2.3 Types of bipolar disorder

• Bipolar I disorder: Mood swings with bipolar I cause signi�cant di�culty in your job,
school or relationships. Manic episodes can be severe and dangerous.

• Bipolar II disorder: Bipolar II is less severe than bipolar I. You may have an elevated
mood, irritability and some changes in your functioning, but generally you can carry
on with your normal daily routine. Instead of full-blown mania, you have hypomania
� a less severe form of mania. In bipolar II, periods of depression typically last longer
than periods of hypomania.

• Cyclothymic disorder: Cyclothymic disorder, also known as cyclothymia, is a mild form
of bipolar disorder. With cyclothymia, hypomania and depression can be disruptive,
but the highs and lows are not as severe as they are with other types of bipolar
disorder.[9]

2.2.4 Other signs and symptoms of bipolar disorder

• Seasonal changes in mood: As with seasonal a�ective disorder (SAD), some people
with bipolar disorder have moods that change with the seasons. Some people become
manic or hypomanic in the spring or summer and then become depressed in the fall or
winter. For other people, this cycle is reversed � they become depressed in the spring
or summer and manic or hypomanic in the fall or winter.

• Rapid cycling bipolar disorder: Some people with bipolar disorder have rapid mood
shifts. This is de�ned as having four or more mood swings within a single year.
However, in some people mood shifts occur much more quickly, sometimes within just
hours.

• Psychosis: Severe episodes of either mania or depression may result in psychosis, a
detachment from reality. Symptoms of psychosis may include false but strongly held
beliefs (delusions) and hearing or seeing things that aren't there (hallucinations).[25]
[24]

2.3 Causes of bipolar disorder

The exact causes of bipolar disorder is unknown for doctors and scientists, but they think
and believe that there are many factors seem to be involved in causing and triggering bipolar
episodes. The factors involved are thought to be a complex mix of physical, environmental
and social factors.

2.3.1 Genetics

Bipolar disorder tends to run in families, so researchers are looking for genes that may in-
crease a person's chance of developing the illness. Genes are the "building blocks" of heredity.
They help control how the body and brain work and grow. Genes are contained inside a
person's cells that are passed down from parents to children. [15]

Children with a parent or sibling who has bipolar disorder are four to six times more likely
to develop the illness, compared with children who do not have a family history of bipolar
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disorder. However, most children with a family history of bipolar disorder will not develop
the illness.

Genetic research on bipolar disorder is being helped by advances in technology. This type
of research is now much quicker and more far-reaching than in the past. One example is
the launch of the Bipolar Disorder Phenome Database, funded in part by NIMH. Using the
database, scientists will be able to link visible signs of the disorder with the genes that may
in�uence them.

So far, researchers using this database found that most people with bipolar disorder had:
[21]

• Missed work because of their illness

• Other illnesses at the same time, especially alcohol and/or substance abuse and panic
disorders

• Been treated or hospitalized for bipolar disorder.

The researchers also identi�ed certain traits that appeared to run in families, including:

• History of psychiatric hospitalization

• Co-occurring obsessive-compulsive disorder (OCD)

• Age at �rst manic episode

• Number and frequency of manic episodes.

Scientists continue to study these traits, which may help them �nd the genes that cause
bipolar disorder some day.

But genes are not the only risk factor for bipolar disorder. Studies of identical twins have
shown that the twin of a person with bipolar illness does not always develop the disorder.
This is important because identical twins share all of the same genes. The study results
suggest factors besides genes are also at work. Rather, it is likely that many di�erent genes
and a person's environment are involved. However, scientists do not yet fully understand
how these factors interact to cause bipolar disorder.

2.3.2 Brain function and functioning

Brain-imaging studies are helping scientists learn what happens in the brain of a person with
bipolar disorder.[28] [29] Newer brain-imaging tools, such as functional magnetic resonance
imaging (fMRI) and positron emission tomography (PET), allow researchers to take pictures
of the living brain at work. These tools help scientists study the brain's structure and activity.

Some imaging studies show how the brains of people with bipolar disorder may di�er from
the brains of healthy people or people with other mental disorders. For example, one study
using MRI found that the pattern of brain development in children with bipolar disorder
was similar to that in children with "multi-dimensional impairment," a disorder that causes
symptoms that overlap somewhat with bipolar disorder and schizophrenia. [6] This suggests
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that the common pattern of brain development may be linked to general risk for unstable
moods.

Learning more about these di�erences, along with information gained from genetic studies,
helps scientists better understand bipolar disorder. Someday scientists may be able to predict
which types of treatment will work most e�ectively. They may even �nd ways to prevent
bipolar disorder.

2.3.3 Environmental

Evidence suggests that environmental factors play a signi�cant role in the development and
course of bipolar disorder and those individual psychosocial variables may interact with ge-
netic dispositions.[26] [2]

For example some teens, stresses such as a death in the family, their parents' divorce, or
other traumatic events could trigger a �rst episode of mania or depression. Sometimes,
going through the changes of puberty can set o� an episode. In girls, symptoms can be tied
to their monthly menstrual cycle. [8]

2.4 Diagnosing bipolar disorder

If your GP (general practitioner) suspects that you have bipolar disorder, they will usually
refer you to a psychiatrist (a medically quali�ed mental health specialist). If there is a risk
that you could harm yourself as a result of your illness, your GP will arrange for you to have
an immediate appointment.[11]

2.4.1 Specialist assessment

At your appointment you will be assessed. The psychiatrist will ask you a number of ques-
tions to determine whether or not you have bipolar disorder and, if you have, what treatments
will be most suitable for you.

During the assessment, you will be asked about your symptoms and when you �rst expe-
rienced them. The psychiatrist will also ask you about how you usually feel leading up to
and during an episode of mania or depression, and whether you have had thoughts about
harming yourself.

The psychiatrist will also want to �nd out about your medical background and your family
history, to determine whether any of your relatives have had bipolar disorder. If someone
else in your family has the condition, the psychiatrist may wish to talk to them. However,
they will ask for your agreement before doing so.

2.4.2 Other tests

Depending on your symptoms, you may also require tests to see whether you have a physical
problem, such as thyroid disease.
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If you have bipolar disorder, you will need to visit your GP on a regular basis for a physical
health check. As well as having bipolar disorder, you may have other health problems, and
any medication prescribed for you may have side e�ects. For example, putting on weight is
a common side e�ect of medication that is used to treat bipolar disorder.

2.4.3 Advanced directives

If you are diagnosed with bipolar disorder, it is important that you discuss your condition
with the psychiatrist so you are fully involved in the decisions about your treatment and care.

However, in some cases - for example, where a person's symptoms become severe - it may
not be possible for them to make an informed decision about their care, or to communicate
their needs. In such situations, it may be possible to draw up an advanced directive.

An advanced directive is a set of written instructions that state what treatments and help
you want (or do not want) in advance in case you cannot communicate your decisions at a
later stage. Your GP or psychiatrist will be able to provide you with further help and advice
about this.

2.5 Treatments and drugs

Bipolar disorder requires lifelong treatment, even during periods when you feel better. Treat-
ment is usually guided by a psychiatrist skilled in treating the condition. You may have a
treatment team that also includes psychologists, social workers and psychiatric nurses. The
primary treatments for bipolar disorder include medications; individual, group or family
psychological counseling (psychotherapy); or education and support groups.

• Hospitalization: Your doctor may have you hospitalized if you are behaving danger-
ously, you feel suicidal or you become detached from reality (psychotic).

• Initial treatment: Often, you'll need to begin taking medications to balance your moods
right away. Once your symptoms are under control, you'll work with your doctor to
�nd the best long-term treatment.

• Continued treatment: Maintenance treatment is used to manage bipolar disorder on a
long-term basis. People who skip maintenance treatment are at high risk of a relapse
of symptoms or having minor mood changes turn into full-blown mania or depression.

• Substance abuse treatment: If you have problems with alcohol or drugs, you'll also
need substance abuse treatment. Otherwise, it can be very di�cult to manage bipolar
disorder.[20]

2.5.1 Medications

A number of medications are used to treat bipolar disorder. If one doesn't work well for
you, there are a number of others to try. Your doctor may suggest combining medications
for maximum e�ect. Medications for bipolar disorder include those that prevent the extreme
highs and lows that can occur with bipolar disorder (mood stabilizers) and medications that
help with depression or anxiety.[3] [23]

Medications for bipolar disorder include:
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• Lithium

• Anticonvulsants

• Antipsychotics

• Antidepressants

• Symbyax

• Benzodiazepines

2.5.2 Psychotherapy

Psychotherapy is another vital part of bipolar disorder treatment. Several types of therapy
may be helpful. These include:

• Cognitive behavioral therapy

• Psychoeducation

• Family therapy

• Group therapy

2.5.3 Hospitalization

In some cases people with bipolar disorder can bene�t from hospitalization. Getting psy-
chiatric treatment at a hospital can help keep you calm and safe and stabilize your mood,
whether you're having a manic episode or a deep depression. Partial hospitalization or day
treatment programs also are options to consider. These programs provide the support and
counseling you need while you get symptoms under control. [4]
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Methods

I use two methods Approximate Entropy (ApEn) and Circadian rhythm (CiRh).

3.1 Approximate Entropy (ApEn)

Several studies have reported evidence of chaotic processes appearing in psychiatric condi-
tions, including bipolar disorder [7], schizophrenia[16] and depression[17]. These �ndings
suggest that non-linear approaches to the analysis of longitudinal data from patients with
bipolar disorder may provide information not apparent from traditional statistics.

The mathematical techniques used for the detection of non-linear complex systems arose
from the physical sciences, where very long time series of data with consistent patterns are
typically available for analysis. However, biological time series are characterized by high
levels of noise[12], restricted amount of data available and problems with non-stationarity
[5]. Recently re�ned non-linear measuring techniques are more applicable.

In 1991, Pincus introduced approximate entropy (ApEn), a model-independent statistic to
quantify regularity in time series data [18], which is well suited for the short, noisy datasets
available for physiologic data. ApEn measures regularity or the predictability that a pattern
in a time series remains the same on incremental comparisons. In contrast, the standard
deviation statistic measures variability around a mean without regard to the order of data
in a time series.

ApEn is de�ned by three input parameters [27]:

ApEn(N,m, r) (3.1)

Where m . . . speci�es the pattern length, r . . . de�nes the criterion of similarity and N . . .
number of elements in the data series (sequence).

3.1.1 Algorithm for approximate entropy

Fix m, a positive integer, and r, a positive real number. Given a time-series of data u(1),
u(2), ..., u(N), from measurements equallyspaced in time, from a sequence of vectors x(1),
x(2), ..., x(N - m + 1) in Rm, de�ned by x(i) = [u(i), u(i +1, ..., u(i + m - 1))]. Next,
de�ne for each i, 1 ≤ i ≤ N - m +1,

10
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Cm
i (r) = (number of ”j” such that d[x(i), x(j)] ≤ r)/(N −m+ 1) (3.2)

We must de�ne d[x(i), x(j)] for vectors x(i) and x(j).We de�ne:

d[x(i), x(j)] = maxk=1,2,...,m(|u(i+ k − 1)− u(j + k − 1)|) (3.3)

From the Cm
i (r), de�ne

Cm(r) = (N −m+ 1)−1
N−m+1∑

i=1

Cm
i (r) (3.4)

and de�ne

β = lim
r→0

lim
N→∞

logCm(r)/r (3.5)

The assertion is that for m su�ciently large, βm is the correlation dimension. Such a limiting
slope has been shown to exist for the commonly studied chaotic attractors.

De�ne

Φm(r) = (N −m+ 1)−1
N−m+1∑

i=1

logCm
i (r) (3.6)

Fix m and r in Eq.4.6; de�ne

ApEn(m, r) = lim
N→ infty

[Φm(r)− Φm+1(r)] (3.7)

Given N data points, we implement this formula:

ApEn(N,m, r) =m (r)− Φm+1(r) (3.8)

If we �nd similar patterns in a rate time series, ApEn estimates the logarithmic likelihood
that the next intervals after each of the patterns will di�er (i.e., that the similarity of the
patterns is mere coincidence and lacks predictive value). Smaller values of ApEn imply a
greater likelihood that similar patterns of measurements will be followed by additional sim-
ilar measurements. If the time series is highly irregular, the occurrence of similar patterns
will not be predictive for the following measurements, and ApEn will be relatively large. [19]
[22]

These properties are shown on two examples with regular periodic sinusoidal signal in �g.3.1
and irregular signal with noise in �g.3.2. Signal in �g.3.1 has very small value of ApEn and
it is very good predictable than signal in �g.3.2 where value of ApEn is higher.
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Figure 3.1: Sine: ApEn = 0.021

Figure 3.2: Noise: ApEn = 0.672

3.2 Circadian Rhythms (CiRh)

It has been proposed that patients with bipolar disorder have abnormally shifted or arrhyth-
mic circadian systems. The term "circadian" refers to a time frame of "about 1 day" and
captures an interesting feature of the circadian clock, namely, that it runs slightly longer
or shorter than 24 hours. Evolution has endowed us with a biological system that is highly
responsive to zeitgebers("timegivers")�stimuli in the environment that cue the system so
that our circadian rhythms become synchronized with the activity in the world around us.
Our system is particularly sensitive to the zeitgeber light.

An active process known as entrainment keeps our system aligned with external time and al-
lows it to shift as the balance of light and dark varies across the seasons and as we travel from
one time zone to another. It is an incredibly simple yet intricately orchestrated system. The
"master clock" is located in the suprachiasmatic nucleus (SCN) in the anterior hypothalamus.

The SCN governs all circadian rhythms and is supplemented by a large number of peripheral
clocks across organs and cells [1]. When the system is in harmony, it is fully synchronized by
the SCN. But this harmony across systems can be easily lost at various junctures, including
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between the SCN and external time and between the SCN and di�erent organs in the body.
For the latter, each clock is di�erentially sensitive to zeitgebers. The SCN is very responsive
to light, the clock in the liver is very sensitive to food, and clocks in muscle are sensitive
to exercise. So there are many inputs that can in�uence and contribute to harmony and
dysregulation.

Several studies have suggested that bipolar disorder is characterized by enhanced light sen-
sitivity. For example, in a recent study light was administered in the morning or at midday
to nine depressed women with bipolar disorder. Three of the four who received light in
the morning developed a mixed state, and the other responded well. Four of the �ve who
received midday light responded well. It is possible that the greater impact in the morning
re�ects an increased sensitivity of the photoreceptors in the eye.

3.2.1 Circadian Rhythm instability

Circadian rhythm instability was operationalised using a nonparametric method of activity
data analysis. Circadian data is commonly modeled using a 1-cycle-per-day, cosinor curve
�tting technique. However, modeling based on cosinor functions often provide a relatively
poor �t when applied to activity data. The 24-hour pattern in activity appears to approxi-
mate more closely a square-like wave than a cosinor function [14].

Van Someren developed a nonparametric method of data analysis that does not rely on the
assumptions associated with cosinor curve �tting [30]. This method of activity data analysis
has been applied across a wide range of populations, including patients with Alzheimer's
disease, patients with seasonal a�ective disorder and in your case patients with BD.

For the present study nonparametric variables describing the 24-hour pattern in activity
were used for hypothesis testing. Given the signi�cant concerns regarding the suitability
of cosinor model �tting to 24-hour activity data, these curve parameters were not used for
hypothesis testing.

3.2.2 Nonparametric technique

Three measures of circadian rhythm instability can be derived from the nonparametric tech-
nique described by Van Someren [31]. Relative Amplitude (RA), Intradaily Variability (IV),
and Interdaily Stability (IS).

3.2.2.1 Relative Amplitude (RA)

RA describes the strength of the activity rhythm based on the di�erence between the most
active 10-hour period (the period of 10 consecutive hours within the 24-hour day with the
highest average level of activity; M10) and the least active 5-hour period (the period of 5
consecutive hours within the 24-hour day with the lowest average level of activity; L5), rel-
ative to an estimation of total activity (i.e., M10 + L5).

A higher ratio indicates a stronger and more stable rhythm. The di�erence between M10 and
L5 is expressed relative to an estimation of total activity in order to standardize between-
person di�erences in activity levels. Individual preferences for di�erent types of activities
(e.g., running vs. Platiny chess) mean that standardized amplitude is a more valid re�ection
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of activity rhythm strength. Vigorous types of exercise can increase the level of activity and
amplify the raw amplitude independent of an improvement in rhythm strength and stability.

The equation for computing RA:

RA =
M10− L5

M10 + L5
(3.9)

3.2.2.2 Intradaily Variability (IV)

IV provides an indication of rhythm fragmentation, re�ecting the frequency of rest/activity
transitions in a given 24-hour period. It is calculated as the ratio of the mean squares of
the di�erence between consecutive hours and the mean squares around the 24-hour mean. A
higher IV ratio indicates greater rhythm fragmentation and reduced stability of the activity
rhythm.

The algorithm for computing IV:

IV =
n
∑n

i=2(xi − xi−1)2

(n− 1)
∑n

i=1(xi − x̄)2
(3.10)

3.2.2.3 Interdaily Stability (IS)

IS provides an indication of the strength of coupling between the activity rhythm and the pre-
sumed 24-hour exogenous zeitgeber pattern. It is calculated as the ratio between the variance
of the average 24-hour pattern around the mean and the variance of the overall activity pat-
tern across multiple days. A lower IS ratio indicates reduced stability in the activity rhythm.

The computational algorithm for IS:

IS =
n
∑p

h=1(x̄h − x̄)2

p
∑n

i=1(xi − x̄)2
(3.11)

Where:

n ... total number of data,
p ... total number of data per day,
x̄h ... hourly means,
x̄ ... is the mean of all datas,
xi ... invidual data points.
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Data pre-processing

The following chapter describes the main steps that were necessary for data processing. The
work concentrates on individual data analysis of two patients. Although at �rst sight one
can argue that the number of patients is not su�cient, the study makes use of long-term
data which are very di�cult to acquire. This is a classical type of a medical case study in
which two types of data exist. One source of data are abjecvitely acquired by measuring
physical activity. The second source of data are obtained by patient itself �lling. However,
I only focus on the objective data.

4.1 Actigraphy

Actigraphy is an objective, ambulatory monitoring method for tracking a patient's sleep/wake
activity patterns over time. Monitoring was performed with an actigraph device �g.4.1. The
actigraph device is worn continuously like a standard wristwatch.

It is non-invasive and can be worn easily 24/7 by almost all the patients, thus it can be
used in the comfort of the patient's own home for multiple days and nights. The device is
especially useful when self-reporting is not an option as with patients who cannot accurately
or reliably self-report sleep information.

The actigraphy analysis provides sleep schedule variability, sleep quantity and quality statis-
tics, and daytime activity patterns for weeks at a time. It has been widely used and well
validated in the �eld of sleep research for years. The long-term data collected from the home
environment by actigraphy also provides sleep e�ciency, total sleep time and sleep start and
end times not available from any other methods. For these reasons the actigraphy is used to
detect movement activity of patients with bipolar disorder. [10]

4.1.1 Actigraphy of patients

The actigraphy of both patients are showed in �g.4.2 and �g.4.3 . These are the charts of
patients with an overall record since the start of testing when they have put the actiwatch on.

The table tab.4.1 describes data properties of both patients.

The monitoring of data were not continuos due to two sources of failures apperead during
data acquisition:

15
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Figure 4.1: Wrist actiwatch

Patient
number

Start date Stop date Sampling
frequency

Number of
samples

New sampling
frequency

New number
of samples

1 6.11.2006 21.8.2009 120s 733 630 - -

6 31.5.2007 17.8.2008 30s 1 279 771 120s 319 943

Table 4.1: Information table for testing data

1. Shutdown due to a low battery

2. Zero activity caused by not wearing the actiwatch

Figure 4.2: Actigraphy data. Patient number 1 (P1)

An example of recorded data for patient no.1 is shown in �g.4.2. This record includes mainly
shorter interruptions and only one longer discontinuity of several months has been detected
for 3 years.

For better visibility a weekly record was chosen in �g.4.4 (a calculating window of 7 days)
in which a very regular cycle is apparent. Depending on the progression of the week it is
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Figure 4.3: Actigraphy data. Patient number 6 (P6)

estimated that the very low magnitudes embody nights while the large magnitudes represent
patient's activity during days.

The other actigraphy charts of patient no.6 can be found in Appendix C.1

Figure 4.4: Actigraphy data of 7 days. Patient number 1 (P1)
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Results

The results of relapse prediction are presented in this chapter. We expected some di�erences
in values of two selected measures (Approximative Entropy and Circadian Rhythm) com-
paring data before and after relapse. The study worked with various lengths of the before
relapse (BR) and after relapse (AR) windows length of 7, 14, 30 or more days. However, the
time for prediction of relapse were constant (the prediction parameter (PP) is always 3 or 7
days) as well as the time for returning into a stable mood (the stabilizing parameter (SP) is
always 5 days). If there was a failure of data, I set the SP with a length of 5 days within
the �rst valid data. Finally, the results in �g.5.1 are presented for PP 3 days and SP of 5 days.

Regarding CiRh, the �gures are depicted for RA, IS and IV parameters. I can only set the
lengths of windows and compare results' outputs parameters of CiRh. Properties of param-
eters Ra, IS and IV are described in section 3.2.2. It was necessary to remove data from
actigraphy which contain 3 hours of idle in 24 hours interval due to inaccuracy of the method
CiRh. The testing window for testing CiRh is always 7 days.

Why I compared data before and data after relapses? Again, the main underlying hypothesis
is that that patient's behaviour will be di�erent before and after relapses. The BR behaviour
will be more chaotic and irregular in comparison to the AR behaviour which is expected to
stabilize after hospitalization or drug administration. Thus the �nal value of ApEn BR is
ideally bigger than the �nal value of ApEn AR.

In this bachelor thesis I tried to predict relapses using prediction length 3 and 7 days.
Therefore I compared various lengths of windows before and after relapses. The results of
the methods are presented for patient no.1 only. The results of patient no.6 are described in
Appendix C.2.

5.1 Results of ApEn

The results for ApEn are depicted for di�erent con�guration of three variables N, r and m
which govern the ApEn function behavior. First, the parameter m was �xed and parameter
r changed. There are no big di�erences between the after onset and before onset of the
bipolar event as it is demonstrated in �g.5.2 and �g.5.3

18
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Finally, the variables r, m were �xed to the combinations in which r=0,1 ; m=3 or r=0,15 ;
m=2. In the continual �gure �g.5.4 these two combinations of parametrs are collated. Com-
pared to the ApEn of the parametrs r=0,1 and m=3, the �nal ApEn of the variables r=0,15
and m=2 is higher.

Figure 5.1: Caltulation windows

In the �gures �g.5.5 there are presented results for the PP of 3 days and the SP of 5 days
with two combinations of parameters m and r. The length of BR windows is 7 days. (For
other combinations of PP, BR and AR windows you can see Appendix A). Generally there
are no large di�erences between data before and data after. However, in some cases we can
see that the �nal value of ApEn before relapse is lower than �nal value of ApEn after relapse
even though the opposite result is expected.

The bar charts in �g.5.6 shows the values of di�erences between data before and data after
relapse.
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Figure 5.2: Compare data BF and AF 3days before: m = 2

Figure 5.3: Compare data BF and AF 3days before: �gure m = 3
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Figure 5.4: P1: Continual with both combination of parameters

Figure 5.5: Di�erences between BF and AF - 3days before: �gure m = 2 and �gure m = 3
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Figure 5.6: Value of Di�erences between BF and AF - 3days before: �gure m = a and �gure
m = 3
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5.2 Results of CiRh

By the CiRh method, the parameters RA, IV and IS were analyzed. The data including 3
hours of inactivity and more were removed. For the purpose of the method I created contin-
ual �gures with calculation windows of 7 days. So each sample represents 7 days of testing
data.

The results of parameter IV is depicted in �g.5.7. As stated in section 3.2.2.2, a higher IV
ratio indicates greater rhythm fragmentation and reduced stability of the activity rhythm.

Figure 5.7: Parameter IV
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As mentioned in section 3.2.2.3, a lower IS ratio indicates reduced stability in the activity
rhythm. Fig.5.8.

Figure 5.8: Parameter IS

RA parameter de�nes a di�erence between M10 and L5 and its higher ratio indicates a
stronger and more stable rhythm as it is described in section 3.2.2.1. As can be noted in
�g.5.9, there is asymptotic behavior approaching to value 1.

Figure 5.9: Parameter RA

In the �gures below, there are presented results of paremeters IV ( �g.5.10 ), IS ( �g.5.11 )
and RA ( �g.5.12 ) for relapse no.1 with this corresponding settings: the PP of 3 days, the
SP of 5 days and BR and AR windows of 7 days. The results of CiRh parameters BR and
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AR are compared. Relapse no.1 was chosen due to the biggest di�erence between parameters
BR an AR.

Figure 5.10: Parameter IV: Compare data before and after relapse - window of 7 days

Figure 5.11: Parameter IS: Compare data before and after relapse - window of 7 days

Other graphs for patient no.1 are included in Appendix B.1.
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Figure 5.12: Parameter RA: Compare data before and after relapse - window of 7 days



Chapter 6

Conclusion

In this bachelor thesis the goal was to predict relapses of patients su�ering from bipolar
disorder. Two methods were applied: Aproximative Entropy and Circadian Rhythm.

Parameters of ApEn m and r were varied in order to �nd optimal value settings. The ApEn
was calculated for di�erent length of calculation window before and after relapse. The results
for various long calculation windows are very similar for various combinations of parameters
m and r. Therefore the optimal parameters m and r was chosen according the greatest
di�erence of resulting ApEn measure. The combination m=2, r=1,5 and combination m=3,
r=1 prove to have the greatest di�erences in comparison with other combinations. As a
conclusion, ApEn in this case is not very suitable for predicting relapses. There are not
di�erences settings of 3 or 7 days as prediction parameter. Next problem was data failure
when ApEn measure is very sensitive to missing data.

Regarding the CiRh methodology, the window calculation length was set to 7 days in all
cases. Results of parameters RA, IV and IS show in most cases that there is di�erence
before and after bipolar event. For example value IV before relapse are generally lower than
after relapse as can be seen in �g.5.10. The results of parameters IV and IS are very surpris-
ing indicating that the patient no.1 has more stable organization of the circadian rest-activity
rhythm before relapses than after relapses.

Results of parameters IV and IS during relapses correspond to the de�nitions describing
above (section 3.2.2). Parameter RA has very high values indication that the stability of
CiRh is high except of two relapses. Di�erences between each relapses are very small and
the values of each relapses are very high except two relapses (1st and 5th) which are smaller
compared to other relapses.

As future direction, I propose to correlate the processed data as described above with sub-
jectively acquired data. Further point would be enhancement of our database where more
data will o�er clearer insight on possibility of relapse prediction.
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Appendix A

Patient number 1 (P1)

A.1 Figures of ApEn: Window before relapses - 3days;
parameters -> m = 2, r = 0.15

Figure A.1: ApEn: Compare data BD and AF relapses - 14days
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Figure A.2: ApEn: Compare data BD and AF relapses - 30days

Figure A.3: ApEn: Di�erences between BD and AF relapses - 14days
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Figure A.4: ApEn: Di�erences between BD and AF relapses - 30days

Figure A.5: ApEn: Value of di�erences between BD and AF relapses - 14days
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Figure A.6: ApEn: Value of di�erences between BD and AF relapses - 30days

Figure A.7: ApEn: Value of di�erences between BD and AF relapses - 7/14/30days
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A.2 Figures of ApEn: Window before relapses - 3days;
parameters -> m = 3, r = 0.1

Figure A.8: ApEn: Compare data BD and AF relapses - 14days

Figure A.9: ApEn: Compare data BD and AF relapses - 30days
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Figure A.10: ApEn: Di�erences between BD and AF relapses - 14days

Figure A.11: ApEn: Di�erences between BD and AF relapses - 30days
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Figure A.12: ApEn: Value of di�erences between BD and AF relapses - 14days

Figure A.13: ApEn: Value of di�erences between BD and AF relapses - 30days
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Figure A.14: ApEn: Value of di�erences between BD and AF relapses - 7/14/30days
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A.3 Figures of ApEn: Window before relapses -7days;
paremeters -> m = 2, r = 0.15

Figure A.15: ApEn: Compare data BD and AF relapses - 7days

Figure A.16: ApEn: Compare data BD and AF relapses - 14days
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Figure A.17: ApEn: Compare data BD and AF relapses - 30days

Figure A.18: ApEn: Di�erences between BD and AF relapses - 7days
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Figure A.19: ApEn: Di�erences between BD and AF relapses - 14days

Figure A.20: ApEn: Di�erences between BD and AF relapses - 30days
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Figure A.21: ApEn: Value of di�erences between BD and AF relapses - 7days

Figure A.22: ApEn: Value of di�erences between BD and AF relapses - 14days
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Figure A.23: ApEn: Value of di�erences between BD and AF relapses - 30days

Figure A.24: ApEn: Value of di�erences between BD and AF relapses - 7/14/30days
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A.4 Figures of ApEn: Window before relapses -7days;
paremeters-> m = 3, r = 0.1

Figure A.25: ApEn: Compare data BD and AF relapses - 7days

Figure A.26: ApEn: Compare data BD and AF relapses - 14days
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Figure A.27: ApEn: Compare data BD and AF relapses - 30days

Figure A.28: ApEn: Di�erences between BD and AF relapses - 7days
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Figure A.29: ApEn: Di�erences between BD and AF relapses - 14days

Figure A.30: ApEn: Di�erences between BD and AF relapses - 30days1
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Figure A.31: ApEn: Value of di�erences between BD and AF relapses - 7days

Figure A.32: ApEn: Value of di�erences between BD and AF relapses - 14days



APPENDIX A. PATIENT NUMBER 1 (P1) 48

Figure A.33: ApEn: Value of di�erences between BD and AF relapses - 30days

Figure A.34: ApEn: Value of di�erences between BD and AF relapses - 7/14/30days
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Figures of CiRh - Patient 1

B.1 Continual �gure

Figure B.1: CiRh: Parameter AMP
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Figure B.2: CiRh: Parameters M10; L5
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B.2 Figures of CiRh: Compare data BR and AR -> 1st relapse

Figure B.3: CiRh: Parameter AMP - 1st relapse
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B.3 Figures of CiRh: Compare data BR and AR -> 2nd re-
lapse

Figure B.4: CiRh: Parameter IV- 2nd relapse

Figure B.5: CiRh: Parameter IS - 2nd relapse
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Figure B.6: CiRh: Parameter AR - 2nd relapse

Figure B.7: CiRh: Parameter AMP - 2nd relapse
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B.4 Figures of CiRh: Compare data BR and AR -> 3rd re-
lapse

Figure B.8: CiRh: Parameter IV - 3rd relapse

Figure B.9: CiRh: Parameter IS - 3rd relapse
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Figure B.10: CiRh: Parameter AR - 3rd relapse

Figure B.11: CiRh: Parameter AMP - 3rd relapse
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B.5 Figures of CiRh: Compare data BR and AR -> 4th re-
lapse

Figure B.12: CiRh: Parameter IV - 4th relapse

Figure B.13: CiRh: Parameter IS - 4th relapse
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Figure B.14: CiRh: Parameter AR - 4th relapse

Figure B.15: CiRh: Parameter AMP - 4th relapse
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B.6 Figures of CiRh: Compare data BR and AR -> 5th re-
lapse

Figure B.16: CiRh: Parameter IV - 5th relapse

Figure B.17: CiRh: Parameter IS - 5th relapse
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Figure B.18: CiRh: Parameter AR - 5th relapse

Figure B.19: CiRh: Parameter AMP - 5th relapse
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B.7 Figures of CiRh: Compare data BR and AR -> 6th re-
lapse

Figure B.20: CiRh: Parameter IV - 6th relapse

Figure B.21: CiRh: Parameter IS - 6th relapse
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Figure B.22: CiRh: Parameter AR - 6th relapse

Figure B.23: CiRh: Parameter AMP - 6th relapse
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B.8 Figures of CiRh: Compare data BR and AR -> 7th re-
lapse

Figure B.24: CiRh: Parameter IV - 7th relapse

Figure B.25: CiRh: Parameter IS - 7th relapse
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Figure B.26: CiRh: Parameter AR - 7th relapse

Figure B.27: CiRh: Parameter AMP - 7th relapse
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Patient number 6 (P6)

C.1 Actigraphy of P6

Figure C.1: Actigraphy data after resampling. Patient number 6 (P6)
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C.2 Figures of ApEn: Window before relapses - 3days;
parameters -> m = 2, r = 0.15

Figure C.2: ApEn: Compare data BD and AF relapses - 7days

Figure C.3: ApEn: Compare data BD and AF relapses - 14days



APPENDIX C. PATIENT NUMBER 6 (P6) 66

Figure C.4: ApEn: Compare data BD and AF relapses - 30days

Figure C.5: ApEn: Di�erences between BD and AF relapses - 7days
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Figure C.6: ApEn: Di�erences between BD and AF relapses - 14days

Figure C.7: ApEn: Di�erences between BD and AF relapses - 30days
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Figure C.8: ApEn: Value of di�erences between BD and AF relapses - 7/14/30days
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C.3 Figures of ApEn: Window before relapses - 3days;
parameters -> m = 3, r = 0.1

Figure C.9: ApEn: Compare data BD and AF relapses - 7days

Figure C.10: ApEn: Compare data BD and AF relapses - 14days
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Figure C.11: ApEn: Compare data BD and AF relapses - 30days

Figure C.12: ApEn: Di�erences between BD and AF relapses - 7days
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Figure C.13: ApEn: Di�erences between BD and AF relapses - 14days

Figure C.14: ApEn: Di�erences between BD and AF relapses - 30days
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Figure C.15: ApEn: Value of di�erences between BD and AF relapses - 7/14/30days
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C.4 Figures of ApEn: Window before relapses - 7days;
parameters -> m = 2, r = 0.15

Figure C.16: ApEn: Compare data BD and AF relapses - 7days

Figure C.17: ApEn: Compare data BD and AF relapses - 14days
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Figure C.18: ApEn: Compare data BD and AF relapses - 30days

Figure C.19: ApEn: Di�erences between BD and AF relapses - 7days
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Figure C.20: ApEn: Di�erences between BD and AF relapses - 14days

Figure C.21: ApEn: Di�erences between BD and AF relapses - 30days
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Figure C.22: ApEn: Value of di�erences between BD and AF relapses - 7/14/30days
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C.5 Figures of ApEn: Window before relapses - 7days;
parameters -> m = 3, r = 0.1

Figure C.23: ApEn: Compare data BD and AF relapses - 7days

Figure C.24: ApEn: Compare data BD and AF relapses - 14days
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Figure C.25: ApEn: Compare data BD and AF relapses - 30days

Figure C.26: ApEn: Di�erences between BD and AF relapses - 7days
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Figure C.27: ApEn: Di�erences between BD and AF relapses - 14days

Figure C.28: ApEn: Di�erences between BD and AF relapses - 30days
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Figure C.29: ApEn: Value of di�erences between BD and AF relapses - 7/14/30days
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Figures of CiRh - Patient 6

D.1 Continual �gure

Figure D.1: CiRh: Parameter AMP
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Figure D.2: CiRh: Parameter IS

Figure D.3: CiRh: Parameter IV
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Figure D.4: CiRh: Parameter RA

Figure D.5: CiRh: Parameters M10; L5
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D.2 Figures of CiRh: Compare data BR and AR -> 1st relapse

Figure D.6: CiRh: Parameter IV - 1st relapse

Figure D.7: CiRh: Parameter IS - 1st relapse
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Figure D.8: CiRh: Parameter RA - 1st relapse

Figure D.9: CiRh: Parameter AMP - 1st relapse
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D.3 Figures of CiRh: Compare data BR and AR -> 2nd re-
lapse

Figure D.10: CiRh: Parameter IV - 2nd relapse

Figure D.11: CiRh: Parameter IS - 2nd relapse
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Figure D.12: CiRh: Parameter RA - 2nd relapse

Figure D.13: CiRh: Parameter AMP - 2nd relapse
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D.4 Figures of CiRh: Compare data BR and AR -> 3rd re-
lapse

Figure D.14: CiRh: Parameter IV - 3rd relapse

Figure D.15: CiRh: Parameter IS - 3rd relapse
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Figure D.16: CiRh: Parameter RA - 3rd relapse

Figure D.17: CiRh: Parameter AMP - 3rd relapse
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