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ABSTRACT
This thesis aims to study multi-dimensional association rules and data
visualization for the schizophrenia outpatient data, which are recorded in 1CD-10
format. The data comprised of 4 main dimensions: psychoactive substance use,
duration of substance use, patient demographic data, and schizophrenia status. A total
of 24 datasets were extracted from those main dimensions, which specified
schizophrenia as the target. The processed datasets discovered the associations using
the Frequent Patterns-Growth algorithm (FP-Growth), which is an extension of the
traditionally used one, the Apriori algorithm, to determine the rules representing the
association of schizophrenia with the other factors. The results revealed the
association rules between schizophrenia and substance use had 5 main features: 1)
Thai men 35-44 years old, 2) Bangkok residents, 3) nicotine use history, 4)
amphetamine use history in a period of 7-12 months, and 5) diagnosis of substance
dependence. All of the selected association rules had an acceptable confidence level
over 0.90. This could confirm that the multi-dimensional association rules driven by
the FP-Growth algorithm could be an appropriate technique to demonstrate the

relationship pattern of data from a large database.
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CHAPTER I
INTRODUCTION

1.1 Background and problem statement

Schizophrenia is a chronic disease that requires the continuous treatment.
Schizophrenia is largely incurable disease the disease also affects the life and social
functioning of patients. Schizophrenia brings a negative impact on patient, family,
economy and society is enormous. The epidemic of using the amphetamine and
substances around the world including Thailand is major problem in many countries.
The surveys the World Health Organization [1] found that regular addictive
amphetamine people were more than 27 millions. For Thailand, a methamphetamine
abusing and therapy from the substance are more than 300,000 people and the
dumping people are more than 1,200,000. It found that the number of addicts is
increasing every year. It found that schizophrenia by and the cessations of
methamphetamine were association. There is no conclusive evidence that
schizophrenia like symptoms that occur in many patients is affected by amphetamine
abuse and substance abuse or the actual symptoms of schizophrenia. Although the
study of schizophrenia patients with a history of mental and behavioral disorders due
to psychoactive substance use is widespread, however, it cannot be declared that
schizophrenia is caused by using substance abuse.

Previous researches have shown that schizophrenia is associated with the
risk of substance used causes schizophrenia. The duration of substance abuse resulted
in higher risk of schizophrenia, and also found that the behavior of substance used,
sex, age, occupation and residence of the patient. The causes of schizophrenia are
significantly higher. From researches different aspect, there are other interesting
knowledge from the database. Data mining technique can help to find relationships
and patterns form the database, which exist on large numbers. The search for

relationships and patterns by data mining techniques is a technique widely used.
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Therefore, data mining techniques are used in this study to support the results from
various studies.

The current data mining technique applied to medical rising steadily, and
association rules technique is one of the popular technique is widely used. The
association rules technique was developed for association discovery between data into
large databases [2]. The association rule is applied widely for various areas such as the
analysis of customer behavior. The relationship of the disease in the medical treatment
of a scientific experiment, and predicting natural phenomena, etc.

Therefore, the researcher interested in the study of mental and behavioral
disorders due to psychoactive substance uses associated with schizophrenia. This
research idea seems reasonable to use multi-dimensional data visualization which has
4 categories: 1) psychoactive substance use, 2) duration of the substance use, 3)
patient demographic data, and 4) schizophrenia status using association rules
discovery with FP-Growth algorithm. This dimensionizing procedure will provide the

association rules for discovering the causes of schizophrenia

1.2 Objectives

To study the process of managing data from large databases, by divided
the data into multiple dimensions for analyzing multiple perspectives for discovering
an association rule between schizophrenia and substance use.

To study an association between schizophrenia and substance use by using
data mining to study manage parameters from a large dataset.

1.3 The hypotheses of the research

1) Can analyze for the association of addiction to substances (e.g.
amphetamine), relate to the Schizophrenia in patients.

2) Can select association rule technique to help decisions support for
psychiatrists and psychologists to select the techniques, and help predict the
occurrence of schizophrenia.

3) Amphetamine use association with schizophrenia.
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1.4 Scope of the study

1) This research gathers information about patients psychiatric and
patient’s information on database, from January, 2003 — November, 2014 which is the
research from historical data from the history of a patient who has used substances.
Data from a Siriraj Hospital in Thailand.

2) This research using data mining techniques for association. The
algorithm used in the FP-Growth algorithm.

3) This research using data 4 categories: 1. psychoactive substance use, 2.
duration of the substance use, 3. patient demographic data, and 4. schizophrenia status

for creating multi-dimension data.

1.5 Expected results

1) To provide the information about the psychiatrist to diagnose a patient
of schizophrenia.

2) To provide the information for the Psychologists, Psychiatrist and those
interested use the data to determine the cause and diagnosis of schizophrenia due to
substance abuse and the data were used to predict the disease.

3) The results of the study should be benefited to educate the public to
realize of the harmful substance abuse and prevent in order to spread of substance in
Thailand.
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CHAPTER Il
LITERATURE REVIEW

Nowadays, a review of the relevant literature in data mining techniques
used in the analysis of the most medical data. Therefore, the researcher interested in
the study used data mining techniques analysis of the data association method
substance abuse in the occurrence of schizophrenia. The researcher conducted a study
and research of the theoretical concept and related research, summarized the essence
are as follows:

2.1 Schizophrenia

2.1.1 Characteristics and causes of schizophrenia
2.1.2 Identification of subgroups of schizophrenia
2.1.3 Clinical staging of schizophrenia

2.1.4 Criteria diagnosis of schizophrenia

2.2 Type of addiction substance

2.3 International Statistical Classification of Diseases and Related Health
Problems 10th Revision (ICD-10)

2.4 Data analysis with data mining techniques

2.4.1 Overview of data mining

2.4.2 Category of data mining tasks

2.4.3 Association rule mining technique
2.4.4 Process of analyzing data (FP-growth)

2.5 Related Researches
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2.1 Schizophrenia

Schizophrenia [3] is a type of psychiatric disorder which is a medical
condition. There are factors from the mind and society to affect patients with disorders
of thought, mood, perception and behavior. The malfunction is unknown exactly yet.
The majority of patients with onset during the adolescent, it is usually not curable. The
most common symptoms have recurred periodically, which are some remains during
symptoms. The exacerbate symptoms are positively syndrome, such as hallucinations
and delusions. In the latter days, there is mostly negative syndrome, such as speaking a
little, tardy, isolate ourselves and private world. The sex scale factor between women
and men often found characteristic. Male have symptoms, are younger than females.
Age of onset is found all in the 15-54 years old. Most common onset is in the

adolescent or adult.

2.1.1. Characteristics and causes of schizophrenia

Clinical symptoms of schizophrenia may be divided into two major
groups. Some reports may be divided into three groups; this research is into two major
classes of positive symptoms and negative syndrome.

1. Positive Symptoms

Expression of the disorder of thought, perception, communication and
behavior, which is divided into two sides with the symptoms.

1) Psychotic dimension such as delusions and hallucinations

2) Disorganization dimension such as disorganized behavior and
disorganized speech

e Delusion common type is persecutory delusion and delusions of
reference including delusions that are the main symptoms of Schneider. Impaction
clinical to diagnosis is bizarre delusion, the delusions that looks weird do not
understand or impossible, delusions that are the main symptoms of Schneider
classified as bizarre delusion

¢ Hallucination, frequently is the auditory hallucination, may be a voice
about patients, the sound to criticize the patient or instructed to follow. The symptoms
of hallucinations are impaction to diagnosis auditory hallucination that main

symptoms of Schneider
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e Disorganized speech, the patient can’t conclude his thoughts that will
show a dialogue, must be not communicate with others effectively, such as loose
associations, incoherent speech or tangentially.

e Disorganized behavior is unusually the patient dress dirty such as wear
many cloths with hot weather, central public urination, some people suddenly cried out
without anything stimulation

2. Negative Symptoms

A lacking of something that normal people such as in terms of feeling, the

needs of the various, these symptoms include:
- Alogia : to speak a little are little speech content, take longer to answer

- Affective flattening: reduction of the expression of emotions, the look
indifferent

- Avolition: lack of enthusiasm, stagnation, don’t care about dressing,

the patient may sit around all day doing nothing

- Asociality: expression rarely or there is an enjoyable activity in
exacerbation symptoms; the poster symptoms are most common. The negative
symptoms are often found in the later stages of the disease.

Biological evidence in schizophrenia supports the current concept a lot. In
current camp, schizophrenia is caused by disorders of the brain and the
neurodevelopment disorders caused by various factors, in each age together. There
may be risk of genetic to partial will not show abnormalities, if there are no other
common factors such as maternal malnutrition during pregnancy, infection in the

second trinesty of pregnancy, birth injury, and mother substance abuse.

2.1.2. Subgroups of schizophrenia
According to DSM-IV [4] Schizophrenia symptoms and classified as 5
subgroups, founding in each range of illness may have altered between substance

include:

- Paranoid type, the important characteristic is an obsession to delusions

which is systematized delusion, disorganized or catatonic behavior or if there is no
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distinctive symptoms. The most common type Patients usually begins as a small group

over another. Overall inviolate personality as other subgroups.

- Disorganized type, an important characteristic is displacement or not
the same direction of expressed in words or expression such as incoherence, loosening
of association, symptoms are generally chaotic behavior, misunderstand, delusion that
there is content not relevant. The show of the mood is straight or not appropriate
apparently. Patients often how symptoms in young age. There are negative symptoms

associate when illness is a long time symptoms.

- Catatonic type, a group with outstanding movement disorders includes
stupor, negativism, rigidity, excitement or posturing. There are good results of

treatment in this symptoms, so there symptoms are handle found in nowadays.

- Undifferentiated type, a patient with symptoms compatible with
schizophrenia, but can be grouped into three clearly subgroups as any of the above.

- Residual type, a patients with relapsing symptoms had at least one clear
once in a while does not evaluate positive symptoms, or may have symptoms but not
outstanding. The remaining symptoms are nest of the negative symptoms these

patients may be called as a group in partial remission.

2.1.3. Clinical staging of schizophrenia
A series of diseases, which is typically divided into three phases, as

follows:

- Prodromal phase, most patients will gradually changing. The affected
problem is responsibilities, relationships, studying, working which is getting worse.
Note that the same relative inactivity went with a friend as ever keep in my room
neglect of hygiene or dressing. He may become interested in the field of philosophy,
psychology, religion, or to use a word or phrase of sorts. Sometimes there are
behaviors that seem odd. May issue a little paranoid but it does not clearly wrong.
Relatives or close ones that patients tend to not like the original.

During this uncertainty period of uncertainty is generally more difficult to
detect which is approximately 1 year average before relapsing. The worsen prognosis

is in long term patient and wisely patient look worse.
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- Active phase, as long as the patient has symptoms. A diagnostic

criterion is majority of the positive symptoms.

- Residual phase, symptoms similar to those Onset of symptoms may be
flat affect or deteriorate over psychotic symptoms such as hallucinations or delusions
may persist, but did not affect the patients as early found that 25 percent of

schizophrenic patients with depression as well. And most of this period.

2.1.4. Criteria diagnosis of schizophrenia

According to the diagnostic criteria for schizophrenia as a person must be
a qualified as follows:

- There are 2 or more of the following symptoms, which there are
symptoms more than 1 month.

1. Delusions

2. Hallucination

3. Confused talking, always misunderstand and quily

4. Continually and aim less by strange behavior

5. Negative symptoms including indifference emotional, inaction or not
talking.

Doctors also are researched on to say that the patient may become
psychiatric disorders that are similar to these symptoms or not, this step requires
experience in patient care, especially in cases where the symptoms are not clear. The
experience and skills through practice and patient care, a number of other important
steps are to see if the patient is a physical disease, drug or substance abuse services. Or
not, as there are many physical ailments that cause symptoms similar to psychosis,
substance abuse, for example, we may obviously amphetamine addicts have dementia,
paranoia, fear of harm. People who eat some pills have this as well, although not as
severe as in the case where it is deemed necessary to make special doctor. Such as
blood levels of various substances. In the body, the brain waves or computer

tomography, etc.
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2.2 Type of addiction substance

1. Amphetamines

Methamphetamines [4] is a stimulant substance, discovered by Nagai in
1887, from substances in Ma-Huang is characterized Ephedrine was used in
bronchodilator, is peripheral effect and report amphetamine users. In that more wrong
IS a more up to the present. Especially in matters relating to the neurotransmitters
effects on brain and behavior, using in medical treatment and the occurrence Psychosis

from amphetamines

- Central effects

Affect the release and reuptake catecholamine, and also the destruction by
the enzyme monoamine oxidase in data support is the use of reserpine. That reduce the
accumulation catecholamine in synaptic vesicles has no impact on amphetamine and
when used alpha-methyl tyrosine is inhibited the creation. Inhibited effect of
amphetamine brain stimulation.

1.) Peripheral effects

Amphetamines have a stimulating effect on alpha and beta-receptors.

(1) Cardiovascular

- Increase high blood pressure in both systolic and diastolic

- Low heart beat, when using small quantities of amphetamine

- Rarely found taehycodia, pal potation, arrhymia, but they are also found
in large quantities using.

(2) Thermal regulation

Effects can also cause peripheral hyperthermia through the stimulation of
the sympathoadrenal system.

(3) Gastrointestinal

- Cause constipation due to decreasing of bowel movements

- Gastric emptying time is longer to effect absorption of other substance

2.) Behavioral effects

(2.1) Locomotion

Locomotors activity was stimulated through the nucleus accumbency
through dopaminergic system, but some studies have shown that it has a stimulating

effect neostriatum but less than the nucleus accumbency.
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(2.2) Stereotypies

A high dose of amphetamine use Stimulating affect, but less stereotyped
behavior is different in each species behavior is repeated continuously, but pointless.
As the experiments in mice have a bite, the smell, but not found in person.

(2.3) Aggression

The aggressive behavior is related about consumption, environment and
people. Mostly are results of amphetamine intoxication and sometimes from a
paranoid delusion of amphetamine psychosis.

(2.4) Anorexia

According to amphetamine that can decrease appetite. It had been used in

the treatment of obesity.

- Amphetamine related dependence
According DSM-IV amphetamines could induce psychiatric disorders.
Now is focus on the Amphetamine intoxication, Amphetamine withdrawal,

Amphetamine delirium and Amphetamine psychotic disorder.

- Amphetamine intoxication

Amphetamine causes dopamine releasing. So the result is increasing of
dopamine in the large quantities us of amphetamine cause impair judgment,
impulsiveness, hyper sexuality, compulsively repeated action, hyper vigilance extreme
psychomotor activation, seizure, coma.

From a study of Gershon and Angrist (1970) found that the quantity that
causes psychosis is different. Most of using the amphetamine = 955 mg, but use 100
mg 1 only one home symptoms of psychosis intoxication, and there will disappear

within 24 hours, and usually disappears within 48 hours.

- Amphetamine intoxication delirium

Usually in high dose or long term use and the effects of sleep deprivation.
That also caused by the combination of other substances such as alcohol or those with
pre-existing brained to damage.

- Amphetamine withdrawal

Amphetamines have been reduced or stopped using for a long time and too
much. Typically, symptoms will occur in 2-4 days and it will be gone within 1 week.

The brain showed a decrease of the neurotransmitter, catecholamine. From especial
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ling nor epinephrine Watson's, Hartmann, Schildkrant, study a.d. 1972, measured from
affective state, sleep patterns and 24 hr. MHPG is metabolite of nor epinephrine urine,
will be reduced, and return back to normal.

2. Alcohol

Alcohol [4] is all kind of the ethyl alcohol components, such as alcohol,
beer, wine, which effect to GABA receptor which depresses nerves system. There are
effect the motion control, emotion and consciousness. Alcohol is good absorption in
the intestine. 90 Percents of alcohol can degrade by oxidation process to carbon

dioxide and water, which is excreted through the kidneys.

- Alcohol intoxication

Symptoms are not associated with a blood alcohol level only. However,
there are depending on the rate of increasing in alcohol level. The faster of alcohol
level is happened the more severe symptoms. If alcohol remains in the bloodstream for
long time, the results will be even lower. Even for chronic alcohol drinking has high
dose of alcohol level, may be no symptoms

The relationship between blood alcohol level and symptoms as shown in
Table 2.1:

Table 2.1 The relationship between blood alcohol level and symptoms.

Alcohol level (mg. /dl.) Symptoms
0-100 Jolly fun sleepy help fall asleep.
100-150 Not co-ordination of restlessness
150-250 Slurred speech, ataxia
>250 Loss of consciousness

- Alcohol withdrawal

Those who are mild alcohol addiction show symptoms during onset of
approximately 6 hours after stopping alcohol. With mild symptoms such as irritability,
restlessness, shaking hands but in patients with a history of nearly drinking are

potentially severe symptoms include confusion, hallucinations as shown in Table 2.2.
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Table 2.2 Alcohol withdrawal symptoms.

Literature Review / 12

Time of stopping/ )
Symptoms The progression of symptoms
alcohol down (hr.)
Irritability, sweating, shaking, _
) _ There is a 48-72 hour 5 percent
high blood pressure, flushing, | =~ _
_ ) _ in this group with a chance of
6-24 insomnia, rapid heart rate
o severe symptoms such as
nystagmus hallucination -
. delirium tremens.
illusion.
Peak is about 24 hours. The
) _ most characteristic is a grand
7-48 Grand mal seizure (rum fits) ) ) )
mal seizure, focal seizure is
found outside it.
There are symptoms about 72
hr., then gradually decrease in
Delirium tremens, symptoms as 5-10 days. The
18.72 Disorientation hallucination, | server symptoms one 4-5 days
insomnia, fever, confusion. of stopping drinking, also
medical condition such as live
failure, pneumonia, Gl
bleeding, electrolyte
3. Cocaine

Cocaine [4] is refers to substances that cause problems to reinforce the

worst of the treatment. In Thailand, cocaine use among those with higher

socioeconomic status.

The mechanism of action is like amphetamine. Relatively short duration of

action. Because the half-life is 30-90 minutes. To take effect faster is injected into a

vein. Inhalation or nose is the most popular.

- Cocaine intoxication

Psychological symptoms include restlessness, agitation, anxiety, manic-

like symptoms; physical symptoms include faster heart beat, high blood pressure,

papillary dilation, stereotyped movement, confusion, delirium, and seizures.




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Information Technology Management) / 13

- Cocaine withdrawal

Symptoms can occur within the first 3 days, starting with agitation,
dysphoria, depression, anorexia, high cocaine craving, later be fatigue. A lot of
sleeping, which is intermittently wake up, along with a good eating. This time,
depression may be severe, and there is risk of suicide. In late stage, eating and sleeping
will return more common. Craving is reduced, but it was anxiety, cocaine craving
easily. If patient found to stimuli associated with cocaine use before.

4. Cannabis

Cannabis [4] there is unknown mechanism. Active metabolites of
marijuana are tetrahydrocannabinol (THC) has a half-life up to 50 hours. Due to
redistribute the fat quickly, the duration of action after the first time use, only 2-3
hours to make a jolly mood, appetite, suppression concerns, affect control of

movement and the various decisions.

- Cannabis intoxication

Symptoms are impaired motor coordination, mood, anxiety, feeling
delightfully slower time, impaired decision and separation while using or have used
marijuana soon. Within 2 hours of using marijuana may be palpitations, dry mouth,

and appetite suppression.

- Chronic cannabis syndrome (motivational syndrome)

Using high-dose, continuous cannabis causes the symptoms of apathy
(lack emotion), diminished goal-directed activity also called the motivational
syndrome. Patients can not deal with any problems that occur. There is separation
personality. The decision is decline and deficiencies the ability to communicate.

5. Volaties

Volaties [5] means substances that can be volatile substances such as
cleaning solvents, gas, gasoline, nail polish remover, and spray adhesive.

- Action

Action by penetration into the lungs affecting the brain, the perception is

wrong.

- Effection
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The patients are faint peace of mind and have perception change from the
usual, lack of oxygen cause intoxication and hallucinations.

- Symptoms

It will cause nervous system symptoms such as loss of cardiac, excitement,
delightfully, aggressive, sexual aggression, there may be died due to cardiac arrest,
respiratory depression, seizures, chest pain, if the patient use it in long time, will

destruct nervous system permanently and died.

2.3 International Statistical Classification of Diseases and Related
Health Problems 10th Revision (ICD-10)

Diagnostic and Statistical Manual of Mental Disorder, fourth edition
(DSM-1V, published in 1994, revised in 2000 and for review in 2010), which was
prepared by WHO and International Classification of Disease (ICD-10)

Table 2.3 Mental and behavioural disorders due to psychoactive substance use (F10-

F19).
Code Characteristics of the clinic
F10 Mental and behavioural disorders due to use of alcohol
F11 Mental and behavioural disorders due to use of opioids
F12 Mental and behavioural disorders due to use of cannabinoids
F13 Mental and behavioural disorders due to use of sedatives or hypnotics
F14 Mental and behavioural disorders due to use of cocaine
Mental and behavioural disorders due to use of other stimulants,
Fs including caffeine (Amphetamine)
F16 Mental and behavioural disorders due to use of hallucinogens
F17 Mental and behavioural disorders due to use of tobacco (Nicotine)
F18 Mental and behavioural disorders due to use of volatile solvents
Mental and behavioural disorders due to multiple drug use and use of
F19 other psychoactive substances
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Table 2.4 The fourth-character subdivisions use with categories F10-F19.

Code Characteristics of the clinic

.0 Acute intoxication

Harmful use

Dependence syndrome

Withdrawal state

Withdrawal state with delirium

Psychotic disorder

Amnesic syndrome

Residual and late-onset psychotic disorder

Other mental and behavioural disorders

©o| | N o v B W N -

Unspecified mental and behavioural disorder

Table 2.5 Substance of schizophrenia (F20).

Code Characteristics of the clinic

F20.0 Paranoid schizophrenia

F20.1 |Hebephrenic schizophrenia

F20.2 |Catatonic schizophrenia

F20.3 |Undifferentiated schizophrenia

F20.4 |Post-schizophrenic depression

F20.5 |Residual schizophrenia

F20.6 |Simple schizophrenia
F20.8 |Other schizophrenia

F20.9 |Schizophrenia, unspecified
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2.4 Data Analysis with data mining techniques

2.4.1 Overview of data mining

Data mining is a technique to analyze the data which aims to find of
knowledge the unknown patterns or rules of a large database. To analysis of
information or knowledge to be utilized in the decision, using computer technology.
Data mining [6] [7] [8] is applied use in to medical and health care. The resulted in a
successful adoption. That data mining techniques can help analyze medical
information.

However, theoretical, and some experts have provided a meaning of data
mining Linoff, Gordon S., and Michael JA Berry states that “The exploration and
analysis of large quantities of data in order to discover meaningful patterns and rules”
[9].

Moreover Han, Jiawei, and Micheline Kamber also states that “Extraction
of interesting (non-trivial, previously, unknown and potential useful) information from
data in large databases” [10].

From both experts can be concluded that data mining is "to find something

useful from a large database."

Business = Data
ilhﬂ.l‘l’llﬂdlhﬂ-—‘.— undorastanding

N\

Figure.2.1 CRISP-DM Process.
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The data standard, which is widely used as a blueprint. This is standard
procedure for the analysis of data mining was developed in 1996 by a partnership of 3
companies as DaimlerChrysler, SPSS and NCR process called. "Cross-Industry
Standard Process for Data Mining" or abbreviated as "CRISP-DM".

According processed CRISP-DM [11] it consists of 6 steps, each step is a
step that is continuous, that is the next step is waiting for the result from the previous
step, which is shown by the arrows between each rectangle box.

1. Business Understanding

As a first step in the process which CRISP-DM [12] which aims to
understand the issues and problems that have converted to the format of the data

analysis. The mining plan in action shortly.

- Consists of the sub-process as follows.

1) The goal of data mining so as to increase sales

2) Assessment of the situation in various aspects like adequacy of basic
knowledge on the subject to data mining. The benefits derived from data mining worth
the cost of the lost

3) Set the goal of data mining. Unlike a primary focus on solutions.
Planning data mining in data collection methods and selection algorithms to be used in
data mining.

2. Data Understanding

Is to identify the data source that will be used in data mining, including the
required information out of the database to be taken into account in the preliminary.
This step starts to collect data. Afterwards, will verify the information that has been
gathered to show the accuracy of the information and determine whether to use all or
part of the data is required to be used in the analysis.

- Consists of the sub-process as follows.

1) Data collection

2) Determine the properties of the data collected.

3) A brief survey of the various statistical data

4) Check the basic information on both the accuracy and integrity of

information.
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3. Data Preparation

The preparation of data by extracting information that is information
which the recording was wrong. Information is recorded data is complex or
inconsistencies, and then collect the required data from multiple databases. Intended to
ensure that the quality of information that is selected is appropriate. Complete
information is used to ensure that data mining can be done. Indeed, most organizations
are not prepared for data mining in particular. The data is taken from various sources.
Poorly stored the information is taken from the outside and brings order to the
information contained within. The main problem of data quality and data integrity.

In this process it is necessary to convert the raw data into information is
information that can be analyzed in the next step. By converting this information may
need to be doing the same data cleaning, data conversion scale to fill the missing
information. This process is a process that takes most of the CRISP-DM.

- Consists of the sub-process as follows.

1) Selection of data to be used

2) Modified form information

3) Data cleansing. Be prepared to be used in the most appropriate next
steps, such as dealing with the availability of information. So that the information is
accurate, complete, modify the appropriate value in the decision, to choose the data of
interest. Remove all rows and columns have the same value can’t be issued because
the format of the data

4. Modeling

This step is a step in the data analysis with data mining techniques, which
at this stage, many of the techniques will be used to get the best response. So
sometimes you have to go back to step 3 data preparation to convert some of the data
to match each technique.

- Consists of the sub-process as follows.

1) Select the appropriate algorithms in data mining.

2) Customize the test results.

3) Based modeling algorithm selected.

4) Test model is derived that is accurate and reliable.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Information Technology Management) / 19

5. Evaluation

This step is the analysis of data and technical data mining, but before the
results use will also have to measure the performance of results that meet the
objectives that are set in the first step. There is much more reliable. This can be traced
back to the previous step to change to get the desired result. To be revised to enable
more efficiently before the actual implementation.

6. Deployment

The process of the CRISP-DM is not the end, just the results of the data
analysis technique only mining although the results are shown that knowledge helpful.

But it must be the knowledge that these practical organization or company.

2.4.2 Category of data mining tasks

1.) Association Rule Discovery

Association analysis is the discovery of what are commonly called
association rules. It studies the frequency of items occurring together in transactional
databases, and based on a threshold called support, identifies the frequent item sets.
Another threshold, confidence, which is the conditional probability than an item
appears in a transaction when another item appears, is used to pinpoint association
rules. Association analysis is commonly used for market basket analysis.

2.) Classification

Classification analysis is the organization of data in given classes. Also
known as supervised classification, the classification uses given class labels to order
the objects in the data collection. Classification approaches normally use a training set
where all objects are already associated with known class labels. The classification
algorithm learns from the training set and builds a model. The model is used to
classify new objects.

3.) Clustering

Similar to classification, clustering is the organization of data in classes.
However, unlike classification, in clustering, class labels are unknown and it is up to
the clustering algorithm to discover acceptable classes. Clustering is also called
unsupervised classification, because the classification is not dictated by given class

labels. There are many clustering approaches all based on the principle of maximizing
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the similarity between objects in a same class (intra-class similarity) and minimizing

the similarity between objects of different classes (inter-class similarity).

2.4.3. Association Rule Mining Technique

The association rule mining technique help derive valuable relations
within the data points. In our case, such association will help us recognize pattern in a
particular application. The association a rule composes of two item sets called an
antecedent and consequent. Antecedent is the preceding event and Consequent is an
event associated and followed after antecedent. In other words, an event occurring due
to antecedent is followed by the consequent is depicted by the association rules for a
particular class. Each rule is associated with three parameters. 1) Support is the
percentage of transactions that the rule can be applied to (the percentage of
transactions, in which it is correct). 2) Confidence is the number of cases in which the
rule is correct relative to the number of cases in which it is applicable (and thus is
equivalent to an estimate of the conditional probability of the consequent of the rule
given its antecedent). 3) Lift is the ratio of the probability that antecedent and
consequent occur together, to the multiple of the two individual probabilities for
antecedent and consequent. There are conditions where both support and confidence is
high, and still result in to invalid rule. Therefore Lift indicates the strength of a rule
over random occurrence of antecedent and consequent, given their individual support.
It provides information about improvement and increase in probability of consequent
for a given antecedent. In the other words, Lift is given as Lift = Rule Support Support
(Antecedent) = Support (Consequent). 4) Conviction is not a symmetric measure. A
conviction around 1 says that X and Y are independent; while conviction is infinite as
conf (X—7Y) is tending to 1. Note that if P(Y) is high, 1 — P(Y) is small. In that case,

even if conf(X, Y) is strong, conviction (X=Y) may be small

2.4.4. Process of analyzing data (FP-growth)

Many algorithms for generating association rules have been presented over
time, such as the Apriori and FP-Growth algorithms [13] [14]. A common strategy
that these algorithms implement, in terms of performance improvement, is to

decompose the problem into two subtasks:
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a) Frequent item set generation, accomplished by reducing either the
number of:

i. Candidate item sets based on the support measure, as in the
Apriori algorithm, or

ii. Comparisons, as in the FP-Growth algorithm;

b) rule generation, which first excludes rules that have empty
antecedents or consequents and then checks that, after splitting item set Y into two
non-empty subsets (X and Y — X), rule X ->Y - X satisfies the confidence
threshold. Y — X in this case is known as the rule consequent. Rule generation does not
require any additional passes over the dataset.

The FP-Growth algorithm encodes the input data set into a compact data
structure known as an FP-tree. In certain data sets, the FP-Growth algorithm
outperforms the standard Apriori algorithm by several orders of magnitude, depending
on the compaction factor of the FP-tree.

The FP-tree is constructed by reading the data set one transaction at a
time and mapping each to a path in the tree. Paths in the FP-tree overlap when
different transactions share common items. The more paths overlap, the greater the
compression achieved with the FP-tree structure. If the size of the FP-tree is small
enough, it will fit in main memory, from which frequent itemsets can be directly
extracted. Otherwise repeated passes need to be made over the data on disk storage.

In building the FP-tree, one pass is made over the data to determine
support count for each item, discard infrequent items, and sort the frequent ones in
order of decreasing support counts. The data set is then scanned once more to read
each transaction and add its corresponding path to the initial tree, which consists of
simply a root node. For each transaction read, a new set of nodes is created, as long as
the paths do not share a common prefix. When paths share a common prefix (same
initial item), they overlap in the tree, and the support count for the shared node
is incremented by one. Once every transaction has been read and mapped on a
path, the resulting FP-tree is ready. The size of the resulting tree depends on the
ordering of the items.

The frequent itemset generation in the FP-Growth algorithm is done in a

bottom-up fashion, starting with a particular ending item. Only the paths containing
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that node are examined, after ensuring that it is a frequent itemset itself. The support
counts along the prefix paths are updated to count only transactions that include the
node in question, as well as to truncate the paths by removing that node. Then
the algorithm tries to find frequent itemsets ending in that node paired with
each of the other nodes that immediately precede it in the FP-tree. This is done in a
recursive fashion.

In order to avoid an unmanageable amount of rules created, it is
important to clearly set criteria for evaluating the quality of association patterns. This
can be done:

a) Objectively, through measures that use statistics, such as support,
confidence, lift (or interested factor), and correlation, to determine the interestingness
of a pattern;

b) subjectively, by using domain expertise to determine whether the

information or knowledge revealed about the data is interesting.

2.5 Related Research

Schizophrenia [15] is one type of psychiatric disorders required medical
treatment. An onset of schizophrenia is usually in adolescent which etiology is not
clear. Symptoms of schizophrenia could be classified into three main categories: (1)
positive symptoms, (2) negative symptoms, and (3) cognitive symptoms. The positive
symptoms are included hallucinations, delusions, thought disorders, and movement
disorders. The negative symptoms are included problem with motivation, social
withdrawal, and diminished affective responsiveness, speech and movement. The
cognitive symptoms are poor executive function, impair focus and attention problem,
and impair working memory. Furthermore, schizophrenia has high recurrent rate and
several psychological co-morbidities. Schizophrenia can be caused by several factors.
Therefore, it is necessary to identify the actual cause of schizophrenia in each patient
in order to provide the proper treatment for each patient.

An advanced information technology, such as data mining techniques,
provided the opportunity to analyze and to predict the cause of this psychiatric

disorder [16]. Performed the population-based cohort study aimed to investigate the
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relationships of schizophrenia with the psychoactive substance abuse. The risk of
schizophrenia in the methamphetamine abuse group was significantly higher than the
appendicitis group (hazard ratio = 9.37).

The data mining technique, i.e. an applied Apriori algorithm, could be
used to uncover the level of illness from the large database of depressed people [17].
There are several ways to perform the association rule discovery, e.g. a FT-Growth
algorithm, an Apriori algorithm, etc. Comparatively, the FP-growth algorithm
outperforms the Appriori algorithm for mining a huge number of finding rule [18].

The FP-growth Algorithm [19] is efficient and scalable for identifying the
complete set of frequent patterns. Two data mining techniques, i.e. support vector
machines and decision tree, were used to predict schizophrenia treatments. The
decision tree technique demonstrated the better accuracy (approximately 90%)
comparable to the support vector machine technique.

The predictive performance of the FP-Growth algorithm and the Apriori
algorithm has been shown to be congruent a study of acute methamphetamine-induced
psychosis and acute negative-methamphetamine schizophrenia patients did not find
the statistically significant relationship between the blood methamphetamine
concentrations and the severity of psychotic symptoms [20] [21].

However, the onset of schizophrenia might require the duration of

psychoactive substance use.
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CHAPTER 11
RESEARCH METHODOLOGY

This study will test the applied data mining techniques by using
association rule technique with FP-Growth algorithms to the non-identifiable
schizophrenic patient data. The demographic data, the history of substance use,
duration of usage, and behavioral disorder were extracted from the database systems

and generation of the multi-dimensions categories of data for analysis.

Databases

Preprocessing l

Data Dimensionizing

The combination of the following categories
1. Psychoactive substance use
2. Duration of the substance use

3. Patient demographic data
4. Schizophrenia status

L
Datasets
| ]
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Figure 111.1 Overview of the study.
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In this study, FP-Growth algorithm was performed in order to determine
the association rule of schizophrenia and the psychoactive substance abuse. This study
processed the data analysis by (1) preprocessing, (2) data dimensionizing, (3)

modeling, and (4) model evaluation, so were shown in the Figure 3.1.

3.1 Preprocessing

(1) Data collection

The dataset was collected from the psychiatric outpatient department
clinic, including the record of schizophrenia (F20) and other mental and behavioral
disorders due to the psychoactive substance usage (F10-19). The diseases were
clinically diagnosed according to the diagnostic criteria of DSM-IV, and were
classified into the database according to the ICD-10 standard codes. Be extracted from
the database systems with the following criteria.

Inclusion criteria

1. The data is recorded by medical record.

2. The medical record of the schizophrenic patients and the patients who
have substance related disorder who are diagnosed by the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria and are recorded into
the database by the International Classification of Diseases, Tenth Edition (ICD-10).

Exclusion criteria

None
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Figure 3.3 Example data of patient with substance of schizophrenia (F20).

(2) Data Selection

The schizophrenia and other mental and behavioral disorder datasets

consisted of the following attributes: ICD-10 code, city, sex (male or female), age at

diagnosis, marital status (single, married, or divorced), and substance use (yes or no).

The dataset was organized by combining the schizophrenia and other mental and
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behavioral disorder into the same format in order to select the patients who have them
concurrently. The missing data such as the lack of any attribute data would be
excluded from the dataset.

(3) Data Integration

The data was joined by HN number as the primary key between substances

used (F10-F19) and schizophrenia patients (F20) for processing the dataset.

HN
ICDD CODE

Disease name
Fist _dx date
Age

SCX

Mar status name

Occupation

province
Min_ date
Max date

Figure 3.4 Data Integration.

(4) Data Pre-processing

The schizophrenia and other mental and behavioral disorder datasets
consisted of the following attributes: 1ICD-10 code, city, sex (male or female), age at
diagnosis, marital status (single, married, or divorced), and substance abused (yes or
no). The dataset was organized by combining the schizophrenia and other mental and
behavioral disorder into the same format in order to select the patients who have them
concurrently. The missing data such as the lack of any attribute data would be
excluded from the dataset.

The initial step of the preliminary data processing was to create a few

additional attributes as computed fields. Some of these calculated fields were for the
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purpose of filling voids in the dataset, by adding necessary additional attributes, such
as calculating duration of substance use from years. To categorize data or encode
attribute values as numbers, the only type of data the FP-Growth algorithm application
used can process. In order for these numbers to be told apart in the files that are
output by the FP-Growth algorithm, such data transformation is a typical step in

the data mining process.

3.2 Data dimensionizing

In this step, we classify the data into 24 datasets based on the combination
of the following categories, including psychoactive substance abuse, duration of the
substance abuse, patient demographic data, and schizophrenia status. Also
subcategorized the psychoactive substance uses patients into 2 attributes. One was the
type of substance the patients used; another was the symptoms, the behavioral disorder
or both mental and behavioral disorders which were the consequence from substances
use. Then we choose 24 datasets, relationship with schizophrenia. First 12 datasets are
composed of 2 categories. Second 12 datasets are composed of 3 categories. There are
describing of multi-dimensional data in Figure 3.5 and selected 24 datasets were
shown in Table 3.1.

/ 2.Duration of the substance use

Time of the substance use

/ 1.Psychoactive

substance use

=/

Mental and behavioural
disorders due to
psychoactive substance
use(F10-F19).

\

4. Schizophrenia status

Ny Hl’\

Schizophrenia

1.1 Behaviors disorder

4.1 Symptom of

Schizophrenia
3.Patient demographic data — —
" | Characteristics ofthe clinic

> Information of patient \/ /

LIT4

The following fourth-
character subdivisions
are for use with

\ categories F10-F19.

FARRIREE A ARRAf

/

Figure 3.5 Data Multi-Dimensional Cross.
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Dataset o Dataset o
Description Description
No. No.
1 Substance between Substance 13 Substance between Symptoms
] Substance and duration
2 Duration between Substance 14
between Symptoms
3 Social data between 15 Substance and social data
Substance between Symptoms
A Behavioural disorder between 16 Behavioural disorder between
Substance Schizophrenia
_ ) Behavioural disorder and
Behavioural disorder and )
5 ) 17 duration between
duration between Substance ) )
Schizophrenia
Behavioural disorder and Behavioural disorder and
6 social data between 18 social data between
Substance Schizophrenia
. Behavioural disorder between 19 Behavioural disorder between
Behavioural disorder Symptoms
g Duration between 20 Behavioural disorder and
Behavioural disorder duration between Symptoms
9 Social data between o1 Behavioural disorder and
Behavioural disorder social data between Symptoms
Mental and behavioural
Substance between )
10 _ _ 22 disorder between
Schizophrenia _ _
Schizophrenia
) Mental and behavioural
Substance and duration ) )
11 ) ] 23 disorder and duration between
between Schizophrenia ) )
Schizophrenia
) Mental and behavioural
Substance and social data ) )
12 24 disorder and social data

between Schizophrenia

between Schizophrenia
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3.3 Modeling and Evaluation Process

(1.) Modeling

In order to demonstrate the association between schizophrenia and
psychoactive substance usage, this study designed to perform the association rule
discovery [22] [23]. After got the association between any attributes, the psychiatrist
opinions for those associations still needed to confirm the reasonable of the discovery.
To demonstrate the magnitude of the association, applied the FP-Growth algorithm
[24], one of the association rule discovery methods to our dataset. Initially, we started
with encoding the input dataset into a compact data structure called a frequent pattern
tree (FP-tree).

(2.) Evaluation Process

The related parameters of association rule discovery measured by Support,
Confidence, Lift and Conviction [25]. Support is the proportion of transactions
containing the set X. Confidence is the proportion of transaction containing X which
also contains Y. Lift is the ratio of the observed support of that expected if X and Y
were independent. A conviction can be interpreted as the ratio of the expected
frequency that X occurs without Y. Each parameter is shown in the following as
shown as calculated from the equation (3.1) - (3.4).

Support is the proportion of transactions containing the set X:

number of transactions containing X

supp (X) = (3.1)

number of transactions

Confidence is the proportion of transaction containing X which also

contains Y:

supp(XUY)
supp(X)

Lift is the ratio of the observed support to that expected if X and Y were

conf(X =1Y) = (3.2)

independent:

supp(XUY)
supp(X) * supp(Y)

lift(X = Y) = (3.3)

Conviction can be interpreted as the ratio of the expected frequency that X

occurs without Y:

1-supp(Y)

convX=Y) = conf(X=Y) (3.4)
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3.4 Rules selection
Choosing best association rule of each dataset was from this study to
confirm by the psychiatrist. This study was used to diagnosis schizophrenia in the

future.
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CHAPTER IV
RESULTS AND DISCUSSION

This thesis, studies to create multi-dimensional data, which the data
comprised of 4 categories, such as, psychoactive substance use, duration of substance
use, patient demographic data, and schizophrenia status, from a sample of 562
specimens from the outpatient psychiatric database using data mining techniques by
association rules discovery with FP-Growth algorithm to discover the association rules

between schizophrenia and substance abuse.

4.1 Association rule results

The association rules of the highest confidence level of each the dataset are
shown in Table 4.1, together with a lift, and conviction. Confidence, lift, and
conviction are the values of probability, a measure of rule, and belief of rule
respectively. The result of the association rules, including the rules of their confidence,

lift, and conviction calculations are given in Appendix A.

Table 4.1 Summary of the average precision results of all experiment datasets.

Dataset o ) ) o
. Association Rules Confidence | Lift | Conviction
0.
1 Substances, Volatile — Amphetamine 0.71 6.67 3.13
2 Substances, Duration > 90 — Alcohol 0.86 1.40 2.72

Unemployed, Diagnosis age range,
3 0.97 1.58 11.66
Northeast region — Alcohol

Dependence syndrome, Withdrawal
4 state, Withdrawal state with delirium 0.99 1.62 33.03
— Alcohol
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Table 4.1 Summary of the average precision results of all experiment datasets. (cont.)

Dataset
" Association Rules Confidence | Lift | Conviction
Duration 0-6, Dependence syndrome,
5 Withdrawal state with delirium 0.99 1.61 30.31
— Alcohol
Male, Dependence syndrome,
6 Bangkok, Withdrawal state with 0.99 1.62 47.79

delirium — Alcohol

Withdrawal state, Other mental and
7 behavioral disorders 0.98 1.39 13.28

— Dependence syndrome

Withdrawal state, Duration 49-54
8 0.95 1.35 6.20
— Dependence syndrome

Male, Hireling, Withdrawal state,
9 Psychotic disorder 0.97 1.38 10.33

— Dependence syndrome

Nicotine, Amphetamine, Substances
10 0.89 1.32 2.93

— Schizophrenia

Amphetamine, Duration 7-12
11 0.94 1.39 5.21

— Schizophrenia

Male, Bangkok, Single, Nicotine,
12 Diagnosis age range 35-44 0.96 1.42 7.82

— Schizophrenia

Nicotine, Alcohol, Substances
13 0.83 1.83 3.27

— Paranoid schizophrenia

Nicotine, Duration 43-48
14 0.90 1.98 5.45

— Paranoid schizophrenia

Male, Amphetamine, Diagnosis age
15 range 45-54 0.89 2.14 5.26

— Schizophrenia unspecified




Wichian Boonyaprapa Results and Discussion / 34

Table 4.1 Summary of the average precision results of all experiment datasets. (cont.)

Dataset o ) ) o
. Association Rules Confidence | Lift | Conviction
0.
Dependence syndrome, Unspecified
16 mental and behavioral disorder 0.90 1.33 3.26

— Schizophrenia

Psychotic disorder, Duration 19-24
17 0.92 1.37 4.23
— Schizophrenia

Male, Bangkok, Other mental and
18 _ _ ] ] 0.80 1.19 1.63
behavioral disorders — Schizophrenia

Dependence syndrome, Harmful use,
19 Unspecified mental and behavioral 0.80 1.82 2.81

disorder — Schizophrenia-unspecified

Dependence syndrome, Harmful use,
20 Duration 7-12 0.88 1.92 4.36

— Paranoid schizophrenia

Male, Dependence syndrome, Single,
21 Other mental and behavioral disorders 0.80 1.82 2.81

— Schizophrenia unspecified

Nicotine dependence syndrome,
22 Amphetamine dependence syndrome 0.95 1.41 6.84

— Schizophrenia

Nicotine dependence syndrome,
23 ) 0.92 1.37 4.23
Duration 25-30 — Schizophrenia

Male, Bangkok, Single, Nicotine
24 dependence syndrome, Diagnosis age 0.96 1.42 7.82

range 35-44 — Schizophrenia
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Table 4.2 Results rule selection of experimental datasets.

Dataset
No.

Association Rules Confidence | Lift | Conviction

Amphetamine, Duration 7-12
11 _ _ 0.94 1.39 521
— Schizophrenia

Male, Bangkok, Single, Nicotine,
12 Diagnosis age range 35-44 0.96 1.42 7.82

— Schizophrenia

Nicotine dependence syndrome,
22 Amphetamine dependence syndrome 0.95 1.41 6.84

— Schizophrenia

Male, Bangkok, Single, Nicotine
24 dependence syndrome, Diagnosis 0.96 1.42 7.82
age range 35-44 — Schizophrenia

The results of the 24 datasets (Table 4.1), the dataset with the consequence
of “schizophrenia” in the association rules were selected to represent the results of the
study (Table 4.2). The dataset of No.11, 94 percent of the patients diagnosed with
amphetamine use in the duration of 7 to 12 months was likely to have schizophrenia
with the measure of rule 1.39, and with the strong belief of rule 5.21. The dataset of
No0.12, 96 percent of the single male patients in Bangkok diagnosed with nicotine use
in diagnosis at the age of 35 to 44 years old was likely to have schizophrenia with the
measure of rule 1.42, and with the strong belief of rule 7.82. The dataset of No.22, 95
percent of the patients diagnosed with nicotine dependence, and amphetamine
dependence were likely to have schizophrenia with the measure of rule 1.41, and with
the strong belief of rule 6.84. The dataset of No.24, 96 percent of the single male
patients in Bangkok diagnosed with nicotine dependence in the age of 35 to 44 years
old was likely to have schizophrenia with the measure of rule 1.42, and with the strong
belief of rule 7.82. The results together, the single male in Bangkok diagnosed with
nicotine and/or amphetamine use and/or dependence diagnosis age range of 35 to 44
years old with the use of a period of 7 to 12 months was at associated with having

schizophrenia.
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4.2 Discussion

This study demonstrated the accuracy of the FP- growth algorithm as an
analytical tool for the association rule discovery of the dataset of the multi-
dimensional data.

The resulted of association rules discovery showed the acceptable
confidence level with the value of at least 0.70 for overall association rules and of at
least 0.90 for the selected association rules. This result was also corresponding to the
previous finding [20], which approved the validity of the FP - growth algorithm in
comparison with Apriori algorithm.

The interesting thing in this study to mention is introductory. Study the
data which comprised of 4 categories: psychoactive substance use, duration of
substance use, patient demographic data, and schizophrenia status. To create the multi-
dimensional data between schizophrenia and substance use, which the dataset this
study used data 24 datasets, for design to discover the correlation between various
data. Besides, was the association rules discovery between schizophrenia and
substance use. The highlight of this study is used the association rule discovery
technique with FP-Growth algorithm, which is a technique two-way analysis (A-->B,
B-->A).

The results of this study are consistent the articles in schizophrenia have
found the cause of schizophrenia is associated with the nicotine and amphetamine.
Which the substance abuse, age, behavioral of substance abuse have a risk to
schizophrenia. Moreover, a difference between the articles and this study will a risk
was likely to have schizophrenia with substance abuse behavior of dependence

syndromes.

4.3 Limitation

The problem of this study is to identify the period of substance used. This
data may be incorrect due to inability to identify the period of use for certain
substance. In addition, the sources of data from the hospital are located in Bangkok, so

the results from the association rules, who lives in Bangkok.
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CHAPTER V
CONCLUSION

Schizophrenia was considered to be a multifactorial disorder which the
psychoactive substance usage is one of the major factors. This study was conducted by
a group of schizophrenia patients with a history of substance abuse. The study is a
retrospective from the database using data mining techniques by association rule
discovery with FP-Growth algorithm applied to multi-dimensional data by creating a
data onto the model of 24 datasets of 4 categories, such as psychoactive substance use,
duration of substance use, patient demographic data, and schizophrenia status. The
resulted male of diagnosis ages range of 35 to 44 years living in Bangkok of Thailand
with the use of nicotine and amphetamine abused during a period of 7 to 12 months
was likely to have schizophrenia and will have a higher were likely to have
schizophrenia with substance abused behavior of dependence syndromes. This study
showed that the data mining technique by association rules discovery with FP-Growth
algorithm is a promising tool to reveal the hidden relationships of the underlying
condition with the terrific diseases.

Further, then discovered the association rules between schizophrenia and
other factors, this study also highlighted the effectiveness of FP-Growth algorithm.
The findings suggested that FP-Growth was a valid analytical tool to address the
research questions, and had the possibility of becoming a tool the choice of the future.

The future study may focus the effect of substance abuses the permanent
change of neurons, especially in dopaminergic pathways, which is the main pathologic

mechanism of schizophrenia, and other conditions that probably cause schizophrenia.
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APPENDIX A
RESULTS OF THE ASSOCIATION RULES

FP-Growth Association Rules of 24 datasets

1. Substance between Substances

Appendices / 42

No. |Premises Conclusion Support Confidence Lift Conviction
1 Alcohol, Amphetamine, Opioids Substances 0.00 0.60 743 2.30
2 Alcohol. Amphetamine, Opioids Cannabinoids 0.00 0.60 24.40 244
3 Nicotine, Cocaine Alcohol 0.00 0.67 1.09 1.17
4 Opioids, Volatile Cannabinoids 0.00 0.67 27.11 293
5 Alcohol, Substances, Opioids Cannabinoids 0.00 0.67 27.11 293
6 Alcohol. Opioids, Cannabinoids Substances 0.00 0.67 826 2.76
7 Substances, Opioids, Cannabinoids Alcohol 0.00 0.67 1.09 1.17
8 Substances, Opioids, Cannabinoids Amphetamine 0.00 0.67 6.23 2.68
10 Alcohol, Amphetamine, Substances, Opioids Cannabinoids 0.00 0.67 27.11 293
12 Alcohol, Amphetamine, Opioids, Cannabinoids Substances 0.00 0.67 826 2.76
14 Substances, Volatile Amphetamine 0.00 0.71 6.67 3.13

2. Duration between Substances
No. Premises Conclusion Support | Confidence Lift Conviction
1 Nicotine, Duration 67-72 Alcohol 0.00 0.70 1.14 1.30
2 Substances, Volatile Amphetamine 0.00 0.71 6.67 3.13
3 Duration 37-42 Alcohol 0.01 0.72 1.18 1.40
4 Duration 49-54 Alcohol 0.01 0.74 1.21 1.48
5 Duration 85-90 Alcohol 0.00 0.74 1.21 1.49
6 Nicotine, Duration > 90 Alcohol 0.00 0.75 1.23 1.55
7 Amphetamine, Duration > 90 Nicotine 0.00 0.75 3.58 3.16
8 Alcohol, Amphetamine, Duration 49-54 Nicotine 0.00 0.75 3.58 3.16
9 Nicotine, Amphetamine, Duration 49-54 Alcohol 0.00 0.75 1.23 1.55
10 Alcohol, Amphetamine, Duration > 90 Nicotine 0.00 0.75 3.58 3.16
11 Nicotine, Substances, Duration > 90 Alcohol 0.00 0.75 123 1.55
12 Alcohol, Duration 7-12, Cannabinoids Nicotine 0.00 0.75 3.58 3.16
13 Alcohol, Amphetamine, Duration > 90 Substances 0.00 0.75 9.29 3.68
14 Nicotine, Substances, Duration 85-90 Amphetamine 0.00 0.75 7.01 3.57
15 Duration 0-6, Amphetamine, Substances, Opioids Alcohol 0.00 0.75 1.23 1.55
16 Duration 79-84 Alcohol 0.00 0.76 1.25 1.63
17 Duration > 90 Alcohol 0.01 0.78 1.28 1.76
18 Duration 67-72 Alcohol 0.00 0.79 1.29 1.85
19 Amphetamine, Duration 67-72 Substances 0.00 0.80 991 4.60
20 Amphetamine, Duration 7-12, Cannabinoids Nicotine 0.00 0.80 3.82 3.95
21 Duration 61-66 Alcohol 0.00 0.83 136 233
22 Substances, Duration §5-90 Amphetamine 0.00 0.83 7.79 5.36
23 Substances, Duration > 90 Alcohol 0.00 0.86 1.40 272
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3. Social data between Substances

No. |Premises Conclusion Support | Confidence Lift Conviction
1 Diagnosis age range 45-54, Northeast region Alechol 0.01 091 1.49 4.23
2 |Married, Diagnosis age range 45-54. Farmer Alcchol 0.00 091 149 4.27
3 |Diagnosis age range 45-54. Divorced, Northeast region Alcchol 0.00 091 149 4.27
4 |Male, Diagnosis age range 45-54, Divorced. Northeast region Alcchol 0.00 091 149 4.27
5 |Marred, Unemployed. Female, Diagnosis age range 15-24 Amphetamine 0.00 091 8.49 9.82
6 |Married, Diagnosis age range 45-54. Southern region Alechol 0.00 092 1.50 4.66
7 |Male, Married, Diagnosis age range 45-54, Southern region Alechol 0.00 092 1.50 4.66
8 Single, Diagnosis age range 45-34, Central region, Goverment officer Alcohol 0.00 0.92 1.50 466
9 Male, Diagnosis age range 45-54, Northeast region Alcohol 0.01 0.92 1.50 4 86
10 |Male, Married, Unemploved, Northeast region Alcohol 0.00 0.92 1.50 4 86
11 |Male, Single, Diagnosis age range 55-64, Trade Alcohol 0.00 0.92 1.51 5.05
12 |Male, Single, Unemploved, Diagnosis age range 45-34, Northeast region Alcohol 0.00 0.92 1.51 5.05
13 |Male, Hireling, Diagnosis age range 45-54. Central region. Divorced Alcohol 0.00 0.92 1.51 5.05
14 |Male, Bangkole. Hireling, Diagnosis age range 55-64. Divorced Alcohol 0.00 0.93 1.51 5.25
15 |Single, Unemploved. Diagnosis age range 45-54, Northeast region Alcohol 0.00 0.93 1.52 544
16 |Male, Married, Hireling, Diagnosis age range 45-54, Northeast region Alcohol 0.00 0.93 1.53 5.83
17  |Bangkok, Married. Female, Diagnosis age range 15-24 Amphetamine 0.00 0.93 8.72 13.39
18  |Male, Hireling, Diagnosis age range 45-54, Northeast region Alcohol 0.00 0.94 1.53 6.22
19 |Male, Hireling, Diagnosis age range 35-44, Divorced Alcohol 0.00 0.94 1.54 6.61

20  |Hireling, Diagnosis age range 45-54, Northeast region Alcohol 0.01 0.94 1.54 6.80
21  [Married, Hireling, Diagnosis age range 45-54, Northeast region Alcohol 0.00 0.94 1.54 6.99
22 [Male, Married. Diagnosis age range 65-74, Northeast region Alcohol 0.00 0.95 1.56 8.55
23 [Male, Diagnosis age range 65-74, Northeast region Alcohol 0.00 0.96 157 933
24  [Male, Single. Diagnosis age range 45-54. Northeast region Alcohol 0.00 0.96 1.57 971
25  |Single. Diagnosis age range 45-54, Northeast region Alcohol 0.00 0.96 1.57 10.49
26 |Male, Unemployed, Diagnosis age range 45-54, Northeast region Aleohol 0.00 096 1.57 1049
27  |Unemployed, Diagnosis age range 45-54, Northeast region Alechol 0.00 097 1.58 11.66

4. Behavioural disorder between Substances

No. Premises Conclusion | Support |Confidence Lift Conviction
1 Withdrawal state, Withdrawal state with delirmim_ Other mental and behavioural disorders Alcohol 0.00 0.90 147 3.89
2 Depexlldence ?}mdrume; Withdrawal state, Withdrawal state with delirum, Other mental and Alcohol 0.00 0.90 147 3.89

behavioural disorders
3 ‘Withdrawal state, Psychotic disorder Alcohol 0.01 091 148 411
4 Dependence syndrome, Withdrawal state, Other mental and behavioural disorders Alcohol 0.01 091 149 427
5 Dependence syndrome, Acute intoxication, Other mental and behavioural disorders Alcohol 0.00 091 1.49 427
6 Dependence syndrome, Withdrawal state, Psychotic disorder Alcohol 0.01 0.91 1.50 4.53
7 Dependence syndrome, Amnesic syndrome Alcohol 0.00 092 1.50 4 66
8 Dependence syndrome, Withdrawal state Alcohol 0.07 0.92 1.50 4.73
9 Withdrawal state with delirium, Other mental and behavioural disorders Alcohol 0.00 093 1.52 544
10 Dependence syndrome, Withdrawal state with deliriom, Other mental and behavioural disorders Alcohol 0.00 0.93 1.52 5.44
11 Harmfil use, Withdrawal state Alcohol 0.01 0.93 1.52 5.70
12 Dependence syndrome, Psychotic disorder, Acute intoxication Alcohol 0.00 0.94 153 622
13 ‘Withdrawal state, Psychotic disorder, Withdrawal state with delirim Alcohol 0.00 0.94 154 661
14 Dependence syndrome, Withdrawal state, Psychotic disorder, Withdrawal state with deliriom Alcohol 0.00 0.94 154 6.61
15 Psychotic disorder. Withdrawal state with delirfum Alcohol 0.01 095 1.55 7.19
16 Dependence syndrome, Harmful use, Withdrawal state Alcohol 0.01 095 1.55 7.19
17 Withdrawal state with deliriim Alcohol 0.04 0.95 1.55 741
18 Dependence syndrome, Psychotic disorder, Withdrawal state with delirium Alcohol 0.00 097 159 12 82
19 Dependence syndrome, Withdrawal state, Acute intoxication Alcohol 0.01 0.97 1.59 13.60

20 Withdrawal state, Acute intoxication Alcohol 0.01 097 1.59 1477

21 Dependence syndrome, Withdrawal state with deliriom Alcohol 0.03 0.98 1.60 17.00

22 Withdrawal state, Withdrawal state with delirmm Alcohol 0.02 098 1.60 19.43

23 Dependence syndrome, Withdrawal state, Withdrawal state with deliriim Alcohol 0.01 0.99 162 33.03




Wichian Boonyaprapa Appendices / 44
5. Behavioural disorder and duration between Substances
No. Premises Conclusion Support | Confidence| Lift | Comviction
1 ‘Withdrawal state, Duration 25-30 Alcohol 0.00 0.90 147 3.89
2 Withdrawal state with delirtum, Duration 25-30 Alcohol 0.00 0.90 147 3.89
3 Other mental and behavioural disorders, Duration 37-42 Alcohol 0.00 0.90 147 3.89
4 Dependence syndrome, Withdrawal state, Duration 25-30 Alcohol 0.00 0.90 147 3.89
5 Dependence syndrome, Withdrawal state with delirium, Duration 25-30 Alcohol 0.00 0.90 147 3.89
6 Dependence syndrome, Other mental and behavioural disorders, Duration 37-42 Alcohol 0.00 0.90 147 3.89
7 Psychotic disorder, Duration 55-60 Alcohol 0.00 091 149 427
8 Duration 0-6, Psychotic disorder, Withdrawal state with delirom Alcohol 0.00 091 149 427
9 Dependence syndrome, Psychotic disorder, Duration 55-60 Alcohol 0.00 091 149 427
10 Duration 0-6, Dependence syndrome, Harmful use, Psychotic disorder Amphetamine 0.00 092 856 10.72
11 Duration 0-6, Dependence syndrome, Withdrawal state Alcohol 0.04 092 1.50 482
12 ‘Withdrawal state, Duration 67-72 Alcohol 0.00 093 1.52 5.44
13 Duration 0-6, Withdrawal state, Other mental and behavioural disorders Alcohol 0.00 0.93 1.52 5.44
14 Dependence syndrome, Withdrawal state, Duration 37-42 Alcohol 0.00 093 152 544
15 Dependence syndrome, Withdrawal state, Duration 67-72 Alcohol 0.00 093 152 544
16 Duration 0-6, Dependence syndrome, Withdrawal state, Other mental and behavioural disorders Alcohol 0.00 093 1.52 5.44
17 ‘Withdrawal state, Duration 43-48 Alcohol 0.00 093 1.53 5.83
18 Duration 0-6, Withdrawal state, Psychotic disorder Alcohol 0.00 0.95 1.56 8.16
19 Duration 0-6, Withdrawal state with delirium Alcohol 003 0.96 1.56 8.84
20 Duration 0-6, Dependence syndrome, Withdrawal state with delirium Alcohol 0.01 0.99 161 3031
6. Behavioural disorder and social data between Substances
No. Premises Conclusion |Support|Confidence| Lift |Conviction|
1 Married, Withdrawal state, Withdrawal state with delirimm Alcohol 0.01 0.98 161 2137
2 Male, Dependence syndrome, Single, Diagnosis age range 45-54, Withdrawal state Alcohol 0.01 0.98 161 21.37
3 Dependence syndrome, Married, Hireling, Diagnosis age range 43-54, Withdrawal state Alecohol 001 0.98 161 22.15
4 Bangkok, Single, Withdrawal state with delirium Alcohol 0.01 0.98 161 | 2254
5 Male, Married, Hireling, Acute intoxication Alcohol 0.01 098 1.61 2292
6 Male, Hireling, Withdrawal state with delirium Alcohol 0.02 0.98 161 ] 23351
7 Male, Diagnosis age range 35-44. Withdrawal state with delirum Alcohol 0.01 0.98 161 24.09
8 Male. Dependence syndrome, Bangkok, Diagnosis age range 45-54, Withdrawal state Alcohol 0.02 0.98 1.61 24.09
9 Male. Bangkok. Hireling. Diagnosis age range 35-44, Withdrawal state Alcohol 0.01 0.98 1.61 24.48
10 |Male, Hireling. Diagnosis age range 43-34, Withdrawal state Alcohol 0.02 0.98 161 2526
11 Male, Dependence syndrome, Married, Diagnosis age range 55-64, Withdrawal state Alecohol 0.01 0.98 161 2564
12 Male. Bangkok. Married. Hireling, Diagnosis age range 45-54. Withdrawal state Alcohol 0.01 0.98 161 2564
13 |Dependence syndrome, Married, Diagnosis age range 55-64, Withdrawal state Alcohol 0.01 0.99 1.61 26.81
14 Male, Dependence syndrome, Bangkok, Hireling, Withdrawal state with deliriim Alecohol 001 0.99 161 2681
15 Male. Married. Diagnosis age range 45-54, Withdrawal state Alcohol 0.02 0.99 161 27.39
16  |Dependence syndrome, Banglkok, Hireling, Withdrawal state with delirium Alcohol 0.01 0.99 1.61 28.36
17 Male, Dependence syndrome, Bangkok, Married, Withdrawal state with delirum Alcohol 0.01 0.99 1.61 29.14
18 |Male, Dependence syndrome, Bangkok, Hireling, Diagnosis age range 45-54, Withdrawal state Alcohol 0.01 0.99 161 29.92
19 Male, Dependence syndrome, Bangkok, Diagnosis age range 55-64, Withdrawal state Alecohol 0.01 0.99 161 30.70
20 Male. Married. Hireling, Diagnosis age range 45-54. Withdrawal state Alcohol 0.01 0.99 162 31.08
21 Dependence syndrome, Bangkok, Married, Withdrawal state with delirium Alcohol 0.01 0.99 1.62 3147
22 Male, Dependence syndrome, Withdrawal state with deliriim Alecohol 0.03 0.99 162 31.86
23 |Male. Dependence syndrome,. Diagnosis age range 45-54, Withdrawal state Alcohol 0.03 0.99 162 | 3186
24 Dependence syndrome, Withdrawal state, Withdrawal state with delirum Alcohol 0.01 0.99 1.62 33.03
25  |Male, Dependence syndrome, Hireling, Withdrawal state with delirmm Alcohol 0.01 0.99 162 | 33.03
26  |Dependence syndrome, Hireling, Withdrawal state with delirum Alcohol 0.01 0.99 162 | 3438
27  |Diagnosis age range 45-54, Withdrawal state with delirium Alcohol 0.01 0.99 162 | 3536
28  |Male. Dependence syndrome, Hireling. Diagnosis age range 45-54, Withdrawal state Alcohol 0.01 0.99 162 | 3575
29 Male, Withdrawal state, Withdrawal state with delirmum Alcohol 0.01 0.99 162 36.52
30 Male, Dependence syndrome, Bangkok, Married, Hireling, Withdrawal state Alcohol 001 099 162 3730
31 Male. Dependence syndrome, Married, Withdrawal state with deliriim Alcohol 0.01 0.99 162 37.69
32 |Male. Dependence syndrome, Diagnosis age range 53-64, Withdrawal state Alcohol 0.02 0.99 162 | 39.63
33 Dependence syndrome, Married, Withdrawal state with deliriim Alecohol 0.02 0.99 162 | 4002
34 Male. Dependence syndrome, Bangkok, Withdrawal state with delirium Alcohol 0.02 0.99 162 47.79
35 |Dependence syndrome. Banglkok. Withdrawal state with delirium Alcohol 0.02 0.99 162 | 5129
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7. Behavioural disorder between Behavioural disorders

No. Premises Conclusion Support Confidence Lift Conviction
1 Psychotic disorder, Other mental and behavioural disorders Dependence syndrome 0.01 0.80 1.13 148
2 Psychotic disorder, Amnesic syndrome ‘Withdrawal state with delirium 0.00 0.80 18.08 4.78
3 ‘Withdrawal state with delirum, Amnesic syndrome Psychotic disorder 0.00 0.80 872 4.54
3 Dependence syndrome. Psychotic disorder, Amnesic syndrome Withdrawal state with delirium 0.00 0.80 18.08 478
7 Dependence syndrome, Withdrawal state with delirium, Amnesic syndrome Psychotic disorder 0.00 0.80 8.72 4.54
8 Harmful use, Withdrawal state with delirium Dependence syndrome 0.00 0.83 1.18 1.77
9 Harmful use, Withdrawal state Dependence syndrome 0.01 0.84 119 1.86
10 Psychotic disorder, Acute intoxication Dependence syndrome 0.00 0.84 1.19 1.87
11 ‘Withdrawal state, Withdrawal state with delirium Dependence syndrome 0.01 0.85 1.21 1.97
12 ‘Withdrawal state, Unspecified mental and behavioural disorder Dependence syndrome 0.00 0.86 1.22 207
13 Harmful use, Psychotic disorder. Other mental and behavioural disorders Dependence syndrome 0.00 0.87 1.23 221
14 Acute intoxication, Withdrawal state with deliriim Dependence syndrome 0.00 0.88 125 251
15 Psvchotic disorder, Withdrawal state with deliium Dependence syndrome 0.01 0.89 127 2.73
16 ‘Withdrawal state, Acute intoxication, Withdrawal state with delirimm Dependence syndrome 0.00 091 129 3125
17 Acute intoxication. Other mental and behavioural disorders Dependence syndrome 0.00 0.92 1.30 3.54
18 ‘Withdrawal state, Acute intoxication Dependence syndrome 0.01 0.92 1.31 3.74
19 ‘Withdrawal state, Psychotic disorder Dependence syndrome 0.01 0.95 134 546

20 ‘Withdrawal state, Other mental and behavioural disorders Dependence syndrome 0.01 0.98 139 13.28

8. Duration between Behavioural disorders
No. Premises Conclusion Support|Confidence| Lift {Conviction|
1 Harmful use, Duration 67-72 Dependence syndrome 0.00 0.90 1.28 295
2 Psychotic disorder, Duration 43-48 Dependence syndrome 0.00 0.90 1.28 295
3 Acute intoxication, Duration > 90 Dependence syndrome 0.00 0.90 1.28 2.95
4 Other mental and behavioural disorders, Duration 25-30 Dependence syndrome 0.00 0.90 1.28 295
5 Psychotic disorder, Duration 19-24 Dependence syndrome 0.00 091 1.29 3.25
6 Duration 25-30 Dependence syndrome 0.02 091 1.29 3.27
7 Duration 19-24 Dependence syndrome 0.02 091 1.29 331
8 Duration 85-90 Dependence syndrome 0.00 091 1.30 339
9 Other mental and behavioural disorders, Duration 13-18 Dependence syndrome 0.00 092 1.30 3.54
10 Harmful use, Duration 37-42 Dependence syndrome 0.00 092 131 3.84
11 Harmful use, Duration 49-54 Dependence syndrome 0.00 092 1.31 3.84
12 Withdrawal state, Duration 19-24 Dependence syndrome 0.00 0.93 1.31 3.98
13 Harmful use, Duration > 90 Dependence syndrome 0.00 0.93 1.32 4.13
14 Psychotic disorder, Duration 49-54 Dependence syndrome 0.00 093 1.32 413
15 Withdrawal state, Duration 37-42 Dependence syndrome 0.00 0.93 1.32 4.43
16 Withdrawal state, Duration 43-48 Dependence syndrome 0.00 0.93 1.32 443
17 ‘Withdrawal state, Duration > 90 Dependence syndrome 0.00 093 132 443
18 Duration 37-42 Dependence syndrome 0.01 094 133 466
19 Duration 43-48 Dependence syndrome 0.01 0.94 1.33 480
20 Duration 31-36 Dependence syndrome 0.01 0.94 1.33 4.82
21 Psychotic disorder, Duration > 90 Dependence syndrome 0.00 0.94 1.34 5.02
22 Duration 55-60 Dependence syndrome 0.01 0.94 1.34 521
23 Withdrawal state with delirium, Duration 13-18 Dependence syndrome 0.00 0.94 1.34 531
24 Duration 49-54 Dependence syndrome 0.01 095 1.35 6.00
25 Duration 79-84 Dependence syndrome 0.00 095 135 6.20
26 Withdrawal state, Duration 49-54 Dependence syndrome 0.00 0.95 1.35 6.20
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9. Social data between Behavioural disorders
No. |Premises Conclusion Support Confidencd Lift |Conviction|
1 Martried. Central region, Diagnosis age range 55-64, Goverment officer Dependence syndrome 0.01 0.95 1.34 5.39
2 Male, Diagnosis age range 45-54, Withdrawal state, Withdrawal state with delirfum | Dependence syndrome 0.01 0.95 134 5.46
3 Bangkok, Withdrawal state, Psychotic disorder Dependence syndrome 0.01 0.95 1.34 5.51
4 Married. Psychotic disorder, Other mental and behavioural disorders Dependence syndrome 0.00 0.95 1.34 5.61
5 Male, Diagnosis age range 45-34, Withdrawal state, Psvchotic disorder Dependence syndrome 0.00 0.95 134 5.61
6 Married. Withdrawal state, Psychotic disorder Dependence syndrome 0.01 0.95 135 5.5
7 Diagnosis age range 45-34, Withdrawal state, Withdrawal state with deliriim Dependence syndrome 0.01 0.95 135 5.75
8 Hireling, Withdrawal state, Other mental and behavioural disorders Dependence syndrome 0.00 0.95 135 6.20
9 Diagnosis age range 35-44, Withdrawal state, Psychotic disorder Dependence syndrome 0.00 0.95 135 6.20
Male, Withdrawal state. Psychotic disorder Dependence syndrome 0.01 0.95 135 6.30
Male, Married, Central region. Diagnosis age range 55-64, Goverment officer Dependence syndrome 0.01 0.96 1.36 6.69
Male, Single, Withdrawal state, Psychotic disorder Dependence syndrome 0.00 0.96 136 6.79
Male, Bangkolk, Withdrawal state, Psychotic disorder Dependence syndrome 0.01 0.96 1.36 7.23
Single, Withdrawal state, Psychotic disorder Dependence syndrome 0.00 0.96 1.36 7.67
Male, Bangkolk, Married, Withdrawal state, Psychotic disorder Dependence syndrome 0.00 0.96 137 8.26
Male, Bangkok, Hireling, Withdrawal state, Psychotic disorder Dependence syndrome 0.00 0.97 137 8.85
Bangkok, Hireling, Withdrawal state. Psychotic disorder Dependence syndrome 0.00 0.97 137 944
Male, Married, Withdrawal state. Psychotic disorder Dependence syndrome 0.01 0.97 138 10.03
Male, Hireling, Withdrawal state, Psychotic disorder Dependence syndrome 0.01 0.97 1.38 10.33
10. Substance between Schizophrenia
No. Premises Conclusion Support | Confidence | Lift | Conviction
1 Nicotine, Volatile Schizophrenia 0.01 0.75 1.11 1.30
2 Amphetamine, Sedatives of hypnotics Schirophrenia 0.01 0.78 1.15 147
3 Nicotine, Alcohol Schirophrenia 0.10 0.80 1.19 1.63
4 Nicotine, Alcohol, Amphetamine Schirophrenia 0.02 0.82 121 1.79
5 Nicotine Schizophrenia 035 0.85 126 215
6 Nicotine, Sedatives of hypnotics Schizophrenia 0.01 0.86 127 228
7 Nicotine, Amphetamine Schizophrenia 0.05 0.88 130 269
8 Nicotine, Substances Schizophrenia 0.03 0.88 1.31 277
9 Nicotine, Amphetamine, Substances Schizophrenia 0.01 0.89 1.32 293
11. Substance and duration between Schizophrenia
No. Premises Conclusion Support | Confidence Lift Conviction
1 Nicotine, Duration 7-12 Schizophrenia 0.03 0.80 1.19 1.63
2 Alzohol, Duration 37-42 Schizophrenia 0.01 0.80 1.19 1.63
3 Amphetamine, Duration 13-18 Schizophrenia 0.01 0.80 1.19 1.63
4 Nicotine, Alcohol, Duration 31-36 Schizophrenia 0.01 0.80 1.19 1.63
5 Alcohol, Duration 19-24 Schizophrenia 0.02 0.86 127 2.2%
6 Nicotine, Alcohol, Duration>90 Schizophrenia 0.01 0.88 1.30 2.61
7 Nicotine, Duration 13-18 Schizophrenia 0.02 0.90 1.33 3.26
8 Alcohol, Duration>90 Schizophrenia 0.02 0.90 133 3.26
9 Nicotine, Duration=>9() Schizophrenia 0.02 0.91 135 3.58
10 Nicotine, Duration 25-30 Schizophrenia 0.02 0.92 137 423
11 Amphetamine, Duration 7-12 Schizophrenia 0.03 0.94 1.39 521
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12. Substance and social data between Schizophrenia

No. Premises Conclusion Support Confidence Lift Conviction
1 Male, Nicotine, Goverment officer schizophrenia 0.04 093 1.37 4.40
2 Male, Trade, Nicotine, Married schizophrenia 0.02 093 1.38 4.56
3 Male, Trade. Nicotine. Diagnosis age range 45-54 schizophrenia 0.02 0.93 1.38 4.56
4 Bangkok, Single, Nicotine, Amphetamine schizophrenia 0.02 0.93 1.38 4.56
5 Nicotine, Goverment officer schizophrenia 0.05 0.93 1.38 472
6 Trade_ Nicotine, Diagnosis age range 45-54 schizophrenia 002 093 138 4 88
7 Male, Single. Nicotine, Diagnosis age range 35-44 schizophrenia 0.10 0.93 1.38 4.88
8 Male, Trade, Nicotine, Amphetamine schizophrenia 0.02 093 138 488
9 Single, Trade, Nicotine, Diagnosis age range 35-44 schizophrenia 0.05 0.93 1.38 4.88
10 Male, Single, Trade, Nicotine, Diagnosis age range 35-44 schizophrenia 0.05 0.93 1.38 4.88
11 Male, Single. Nicotine, Farmer. Diagnosis age range 35-44 schizophrenia 0.03 0.94 1.39 521
12 Bangkok. Nicotine, Diagnosis age range 55-64 schizophrenia 0.03 0.94 1.40 5.54
13 Trade, Nicotine, Married schizophrenia 0.03 0.94 1.40 5.54
14 Bangkok, Single, Nicotine, Alcohol, Diagnosis age range 35-44 schizophrenia 003 094 140 554
15 Male, Bangkok, Single, Nicotine, Alcohol, Diagnosis age range 335-44 schizophrenia 003 094 140 534
16 Male. Bangkok, Nicotine, Goverment officer schizophrenia 003 094 140 5 86
17 Male, Bangkok, Nicotine, Farmer, Diagnosis age range 35-44 schizophrenia 0.03 0.94 1.40 5.86
18 Bangkok, Nicotine, Farmer, Diagnosis age range 35-44 schizophrenia 0.03 0.95 1.40 6.19
19 Bangkok. Nicotine, Goverment officer schizophrenia 0.03 0.95 141 6.51
20 Male, Single. Nicotine. Goverment officer schizophrenia 0.04 0.95 141 6.84
21 Single. Nicotine, Goverment officer schizophrenia 0.04 0.95 142 7.16
22 Bangkok, Single, Nicotine, Diagnosis age range 35-44 schizophrenia 0.08 0.96 142 7.82
23 Male, Bangkok, Single, Nicotine, Diagnosis age range 35-44 schizophrenia 008 096 142 782
13. Substance between Symptoms
No. Premises Conclusion Support | Confidence Lift Conviction
1 Nicotine, Alcohol, Amphetamine Paranoid schizophrenia 0.02 0.82 1.80 3.00
2 Nicotine, Alcohol, Substances Paranoid schizophrenia 0.01 0.83 1.83 327
14. Substance and duration between Symptoms
No. Premises Conclusion Support | Confidence | Lift | Conviction
1 Alcohol, Duration=90 Paranoid schizophrenia 0.01 0.80 1.76 273
2 Nicotine, Duration 13-18 Schizophrenia, unspecified 001 0.80 1.92 292
3 Amphetamine, Duration 13-18 Schizophrenia, unspecified 0.01 0.80 1.92 292
4 Nicotine, Alcohol, Duration 37-42 Paranoid schizophrenia 0.01 0.80 1.76 273
6 Nicotine, Duration>90 Paranoid schizophrenia 0.02 0.82 1.80 3.00
8 Nicotine, Duration 19-24 Paranoid schizophrenia 0.03 0.83 1.83 327
9 Nicotine, Duration 49-54 Schizophrenia, unspecified 001 0.83 2.00 3.50
13 Nicotine, Duration 55-60 Paranoid schizophrenia 0.01 0.89 1.95 491
14 Nicotine, Duration 43-48 Paranoid schizophrenia 0.02 0.90 198 545
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15. Substance and social data between Symptoms
No. Premises Conclusion Support | Confidence Lift Conviction
1 Alcohol, Amphetamine, Central region Paranoid schizophrenia 0.01 0.88 192 436
2 Male, Nicotine, Farmer, Central region Paranoid schizophrenia 0.01 0.88 1.92 4.36
3 Male. Alcohol. Amphetamine, Central region Paranoid schizophrenia 0.01 0.88 1.92 436
4 Single, Nicotine, Diagnosis age range 45-54, Central region Paranoid schizophrenia 0.01 0.88 192 436
5 :S;t;i]:oh Single, Nicotine, Diagnosis age range 35-44, Goverment Parancid schizophreia 0.01 0.88 192 136
6 Male, Bangkok, Single, Nicotine, Diagnosis age range 35-44, Parancid schizophreia 0.01 0.88 192 436
Goverment officer
7 Nicotine, Diagnosis age range 25-34, Substances Schizophrenia unspecified 0.01 0.88 2.10 4.67
8 Bangkok, Nicotine, Diagnosis age range 25-34 Substances Schizophrenia unspecified 0.01 0.88 2.10 467
9 Single, Nicotine, Diagnosis age range 25-34, Substances Schizophrenia unspecified 0.01 0.88 2.10 4.67
10 Bangkok. Single. Nicotine, Diagnosis age range 25-34. Substances Schizophrenia unspecified 0.01 0.88 2.10 4.67
11 Amphetamine, Diagnosis age range 45-54 Paranoid schizophrenia 0.01 0.89 195 491
12 Male, Amphetamine, Diagnosis age range 45-54 Paranoid schizophrenia 0.01 0.89 195 4.91
13 Male. Nicotine, Diagnosis age range 35-44. Central region Paranoid schizophrenia 0.01 0.89 195 4.91
14 Amphetamine, Diagnosis age range 45-54 Schizophrenia unspecified 0.01 0.89 214 526
15 Male, Amphetamine, Diagnosis age range 45-54 Schizophrenia unspecified 0.01 0.89 2.14 5.26
16. Behavioural disorder between Schizophrenia
No. Premises Conclusion Support | Confidence Lift Conviction
1 Dependence syndrome. Harmful use Schizophrenia 0.09 0.72 1.06 1.15
2 Dependence syndrome Schizophrenia 0.51 0.73 1.08 121
3 Dependence syndrome, Other mental and behavioural disorders Schizophrenia 0.02 0.74 1.09 1.24
4 Harmful use, Other mental and behavioural disorders Schizophrenia 0.01 0.75 1.11 1.30
5 Psychotic disorder, Harmful use, Other mental and behavioural disorders Schizophrenia 0.01 0.75 1.11 1.30
6 Dependence syndrome. Psychotic disorder. Unspecified mental and behavioural disorder Schizophrenia 0.01 0.80 1.19 1.63
7 Dependence syndrome, Harmful use, Other mental and behavioural disorders Schizophrenia 0.01 0.80 1.19 1.63
8 Dependence syndrome, Unspecified mental and behavioural disorder Schizophrenia 0.02 0.90 1.33 3.26
17. Behavioural disorder and duration between Schizophrenia
No. Premises Conclusion Support |Confidence Lift Conviction
1 Psychotic disorder, Duration 55-60 Schizophrenia 0.01 0.80 1.19 1.63
2 Harmful use, Duration 25-30 Schizophrenia 0.01 0.80 1.19 163
3 Harmful use, Duration73-78 Schizophrenia 0.01 0.80 1.19 1.63
4 Dependence syndrome, Psychotic disorder, Duration 25-30 Schizophrenia 0.01 0.80 1.19 163
5 Dependence syndrome, Psychotic disorder, Duration 55-60 Schizophrenia 0.01 0.80 1.19 1.63
6 Dependence syndrome, Duration 61-66 Schizophrenia 0.01 0.83 1.24 195
7 Dependence syndrome, Psychotic disorder, Duration 31-36 Schizophrenia 0.01 0.83 1.24 195
8 Dependence syndrome, Duration 25-30 Schizophrenia 0.03 0.84 1.25 2.06
9 Dependence syndrome, Duration 37-42 Schizophrenia 0.02 0.85 1.25 2.12
10 Dependence syndrome, Duration 55-60 Schizophrenia 0.02 0.86 1.27 228
11 Dependence syndrome, Duration 19-24 Schizophrenia 0.05 0.87 1.29 244
12 Dependence syndrome, Psychotic disorder, Duration 37-42 Schizophrenia 0.01 0.88 1.30 261
13 Psychotic disorder, Duration 37-42 Schizophrenia 0.01 0.89 132 293
14 Harmful use, Duration 7-12 Schizophrenia 0.02 0.90 1.33 3.26
15 Dependence syndrome, Duration=90 Schizophrenia 0.02 092 1.37 423
16 Psychotic disorder, Duration 19-24 Schizophrenia 0.02 092 1.37 423
18. Behavioural disorder and social data between Schizophrenia
No. Premises Conclusion Support | Confidence Lift Conviction
1 Harmful use, Central region Schizophrenia 0.02 0.80 1.19 163
2 Diagnosis age range 45-54, Unspecified mental and behavioural disorder Schirophrenia 0.01 0.80 119 163
3 Male, Bangkok, Other mental and behavioural disorders Schizophrenia 0.02 0.80 1.19 1.63
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No. Premises Conclusion Support | Confidence Lift Conviction
1 Harmful use, Unspecified mental and behavioural disorder Paranoid schizophrenia 0.01 0.80 1.76 2.73
2 Harmful use. Unspecified mental and behavioural disorder Schizophrenia-unspecified 0.01 0.80 1.82 281
3 Dependence syndrome. Harmful use, Unspecified mental and behavioural disorder Paranoid schizophrenia 0.01 0.80 1.76 273
4 Dependence syndrome, Harmful use, Other mental and behavioural disorders Schizophrenia-unspecified 0.01 0.80 1.82 2.81
5 Dependence syndrome, Harmful use, Unspecified mental and behavioural disorder Schizophrenia-unspecified 0.01 0.80 1.82 2.81

20. Behavioural disorder and duration between Symptoms
No. Premises Conclusion Support | Confidence | Lift | Conviction
1 Psychotic disorder, Duration 55-60 Paranoid schizophrenia 0.01 0.80 1.76 2.73
2 Harmful use, Duration 7-12 Paranoid schizophrenia 0.01 0.80 1.76 273
3 Harmfal use, Duration>90 Paranoid schizophrenia 0.01 0.80 1.76 273
4 Harmful use, Duration73-78 Paranoid schizophrenia 0.01 0.80 1.76 273
5 Harmful use, Duration 13-18 Schizophrenia unspecified 0.01 0.80 1.82 281
6 Dependence syndrome, Psychotic disorder, Duration 55-60 Parancid schizophrenia 0.01 0.80 1.76 273
7 Dependence syndrome, Harmful use. Duration=>90 Paranoid schizophrenia 0.01 0.80 1.76 2.73
8 Dependence syndrome, Duration=90 Paranoid schizophrenia 0.02 085 1.86 354
9 Dependence syndrome, Harmful use, Duration 7-12 Paranoid schizophrenia 0.01 0.88 1.92 4.36
21. Behavioural disorder and social data between Symptoms
No. Premises Conclusion Support | Confidence Lift Conviction
Male, Dependence syndrome, Single, Other mental . . .
: EP T - Single. Schizophrenia unspecified 0.01 0.80 1.82 281
and behavioural disorders
22. Mental and behavioural disorder between Schizophrenia

No. Premises Conclusion Support | Confidence Lift Conviction
1 cannabinoids dependence syndrome schizophrenia 0.02 0.80 1.19 1.63
2 Amphetamine withdrawal state schizophrenia 0.01 0.80 1.19 1.63
3 Amphetamine unspecified mental and behavioural disorder schizophrenia 0.01 0.80 1.19 1.63
4 Nicotine dependence syndrome, Alcohol Withdrawal state schizophrenia 0.01 0.80 1.19 1.63
5 |Nicotine dependence syndrome, cannabinoids dependence syndrome schizophrenia 0.01 0.80 1.19 163
6 substances psychotic disorder, Alcohol Harmful use schizophrenia 0.01 0.80 1.19 1.63
7 Amphetamine psychotic disorder, substances dependence syndrome schizophrenia 0.01 0.80 1.19 1.63
8 Amphetamine dependence syndrome, cannabinoids dependence syndrome schizophrenia 0.01 0.80 1.19 1.63
9 cannabinoids dependence syndrome, cannabinoids psychotic disorder schizophrenia 0.01 0.80 1.19 1.63
10 Nicotine dependence syndrome, Alcohol Dependence syndrome, Alcohol Withdrawal state schizophrenia 0.01 0.80 1.19 1.63
11 Nicotine dependence syndrome, Amphetamine psychotic disorder schizophrenia 0.02 0.81 1.20 1.74
12 Nicotine dependence syndrome, Alcohol Dependence syndrome, Alcohol Harmful use schizophrenia 0.02 0.81 1.20 1.74
13 Amphetamine dependence syndrome schizophrenia 0.09 0.82 121 1.78
14 Nicotine unspecified mental and behavioural disorder schizophrenia 0.01 0.83 1.24 1.95
15 substances psychotic disorder, Amphetamine psychotic disorder, Amphetamine dependence syndrome schizophrenia 0.01 0.83 1.24 1.95
16 Amphetamine psychotic disorder, Amphetamine dependence syndrome, Amphetamine harmful use schizophrenia 0.01 0.83 1.24 1.95
17 Nicotine dependence syndrome schizophrenia 034 0.85 1.27 222
18 Nicotine dependence syndrome, sedatives of hypnotics dependence syndrome schizophrenia 0.01 0.86 127 228
19 Amphetamine psychotic disorder, Amphetamine other mental and behavioural disorders schizophrenia 0.01 0.86 127 228
20 Nicotine dependence syndrome, Amphetamine harmful use schizophrenia 0.01 0.88 1.30 261
21 substances psychotic disorder, Amphetamine dependence syndrome schizophrenia 0.01 0.88 1.30 261
22 Amphetamine psychotic disorder, Amphetamine harmful use schizophrenia 0.01 0.88 1.30 261
23 Nicotine dependence syndrome, Amphetamine psychotic disorder, Amphetamine dependence syndrome schizophrenia 0.01 0.88 1.30 261
24 Nicotine dependence syndrome, Alcohol Harmful use schizophrenia 0.04 0.88 1.30 271
25 Nicotine dependence syndrome, substances psychotic disorder schizophrenia 0.02 0.90 1.33 3.26
26 Nicotine dependence syndrome, Amphetamine dependence syndrome schizophrenia 0.04 0.95 141 6.84
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23. Mental and behavioural disorder and duration between Schizophrenia

No. Premises Conclusion Support | Confidence | Lift | Conviction
1 Duration 0-6 . substances dependence syndrome schizophrenia 0.01 0.80 1.19 1.63
2 Nicotine dependence syndrome, Duration 7-12 schizophrenia 0.03 0.80 1.19 1.63
3 substances psychotic disorder, Duration 37-42 schizophrenia 0.01 0.80 1.19 1.63
4 Alcohol Harmful use, Duration 25-30 schizophrenia 0.01 0.80 1.19 1.63
5 Duration 0-6 . Nicotine dependence syndrome. Alcohol Harmful use schizophrenia 0.01 0.80 1.19 1.63
6 Amphetamine psychotic disorder, Duration 7-12 schizophrenia 0.01 0.83 1.24 1.95
7 Alcohol Dependence syndrome, Alcohol Harmful use. Duration 19-24 schizophrenia 0.01 0.83 1.24 1.95
8 Alcohol Dependence syndrome, Duration 19-24 schizophrenia 0.02 0.85 125 212
9 Amphetamine psychotic disorder, Duration 19-24 schizophrenia 0.01 0.86 127 228
10 Alcohol Harmful use, Duration 19-24 schizophrenia 0.01 0.86 127 228
11 Nicotine dependence syndrome. Alcohol Dependence syndrome, Duration>90 schizophrenia 0.01 0.86 127 228
12 Alcohol Dependence syndrome, Duration=90 schizophrenia 0.01 0.88 1.30 261
13 Nicotine dependence syndrome, Duration 13-18 schizophrenia 0.02 0.90 1.33 3.26
14 Nicotine dependence syndrome, Duration>90 schizophrenia 0.02 0.91 1.35 3.58
15 Nicotine dependence syndrome, Duration 25-30 schizophrenia 0.02 0.92 1.37 423

24. Mental and behavioural disorder and social data between Schizophrenia
No. Premises Conclusion Support | Confidence Lift Conviction
1 Male, Bangkok, Nicotine, dependence syndrome, Goverment officer|  schizophrenia 0.03 0.94 1.40 5.86
- - Py p
2 Male, Bangkok, Diagnosis age range 25-34, Amphetamine, schizophrenia 0.03 0.04 140 596
dependence syndrome
- - : EYIY -

3 Male, Bangkok, Single, Diagnosis age range 25-34, Amphetamine, schizophrenia 0.03 0.04 1.40 536

dependence syndrome

4 }'Falq Bla.ngl-cok= Nicotine, dependence syndrome, Farmer, schizophrenia 0.03 0.94 1.40 536

Diagnosis age range 35-44
- - EYICY -

5 Bangkok, Trade, Diagnosis age range 25-34, Amphetamine, schizophrenia 0.03 0.95 140 6.19

dependence syndrome

6 Bangkok. Nicotine, dependence syndrome, Farmer, Diagnosis age schizophrenia 0.03 0.95 140 6.19

range 35-44
: : : PPy :

7 Bangkok. Single, Trade, Diagnosis age range 23-34, Amphetamine, schizophrenia 0.03 0.95 140 6.19

dependence syndrome

8 Banglkok, Nicotine, dependence syndrome, Goverment officer schizophrenia 0.03 095 141 6.51

9 Nicotine, dependence syndrome, Amphetamine, dependence schizophrenia 0.04 0.95 141 6.84

syndrome

10 Male, Single, Nicotine, dependence syndrome, Goverment officer schizophrenia 0.04 095 141 6.84

1 Bangkok, Diagnosis age range 25-34, Amphetamine, dependence schizophrenia 0.04 0.05 142 716

syndrome

12 Single, Nicotine, dependence syndrome, Goverment officer schizophrenia 0.04 095 142 7.16

B k. Single. Di; i 25-34, Amphetamine, . .

13 angkok. Single, Diagnosis age range - FLEPASIAmInE, schizophrenia 0.04 0.95 142 7.16

dependence syndrome

14 Bangkok, Single, Nicotine. dependence syndrome, Diagnosis age schizophrenia 0.08 0.96 142 78

range 35-44
15 Male, Bangkok, Single, Nicotine dependence syndrome, Diagnosis schizophrenia 0.08 0.96 142 782
age range 35-44
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Abstract

FP-Growth algorithm (Frequent Patterns-Growth algorithm) is an
analytical tool that is spotlighted for the past few years as it is claimed to outperform
Apriori, a precedent one. This study aimed to evaluate the effectiveness of FP-Growth
algorithm through our study of schizophrenia. We retrieved the outpatient data of
schizophrenia which are recorded in ICD-10 format. The data comprised 4 categories,
namely, psychoactive substance use, duration of substance use, patient demographic
data, and schizophrenia status. The 24 datasets were made from the relativity of those
4 categories, and schizophrenia. The datasets were processed using FP-Growth
algorithm to determine the association rules that best represent the association of
schizophrenia and the other factors. The result revealed the association between

schizophrenia and substance use in 5 main features: 1) Thai men at age 35-44 years, 2)
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living in Bangkok, 3) history of nicotine use, 4) history of amphetamine use for a
period of 7-12 months, and 5) diagnosis of substance dependence. All of the selected
association rules had an acceptable confidence level of at least 0.90. This could
confirm that FP-Growth algorithm with association rule technique could demonstrate a

relationship pattern of data from the large database.

Keyword: FP-Growth, Association Rule, Schizophrenia, Substance Use,

Data Mining

1. Background and statement of problems

Schizophrenia is an incurable chronic mental disease that requires a
continuously prolonged treatment. It brings enormously negative impacts on a
patient’s life, family, and social activities. Now, the worldwide is facing an epidemic
of amphetamine and psychoactive substance usage. The World Health Organization
(Human Right Watch, 2014) found that the numbers of regular addictive amphetamine
people around the world are more than 27 million. In Thailand, more than 300,000
cases were reported as a rehabilitation treatment from more than 1,200,000 cases
diagnosed with methamphetamine abuse. The number of drug abuses is dramatically
increasing every year. Despite of methamphetamine cessation, risk of schizophrenia
isn’t decreased. Nowadays, we collect diagnostic schizophrenia data in a traditional
database, for easy searching and utilization information in various analyses. This study
aimed to investigate the development process, and to find a relationship between
schizophrenia status and observed attributes of psychoactive substance usage. The
data-mining method, i.e. the association rules discovery with FP-Growth algorithm,
was performed in order to identify this association. Moreover, the final model might
be applied to determine and predict the cause of schizophrenia in the future. This paper
was organized as follows: section 1(this, section), section 2 presented reviews the
existing literature in the schizophrenia, psychosis and data-mining techniques, section
3 presented the methodology of the study process, and section 4 presented

experimental results and discussion. Finally, the conclusion is summarized.
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2. Related works

Schizophrenia (Sombut, 2011 and Somijit, 2014) is one type of psychiatric
disorders required medical treatment. An onset of schizophrenia is usually in
adolescent which etiology is not clear. Symptoms of schizophrenia could be classified
into three main categories: (1) positive symptoms, (2) negative symptoms, and (3)
cognitive symptoms. The positive symptoms are included hallucinations, delusions,
thought disorders, and movement disorders. The negative symptoms are included
problem with motivation, social withdrawal, and diminished affective responsiveness,
speech and movement. The cognitive symptoms are poor executive function, impair
focus and attention problem, and impair working memory. Furthermore, schizophrenia
has high recurrent rate and several psychological co-morbidities. Schizophrenia can be
caused by several factors. Therefore, it is necessary to identify the actual cause of
schizophrenia in each patient in order to provide the proper treatment for each patient.

An advanced information technology, such as data mining techniques,
provided the opportunity to analyze and to predict the cause of this psychiatric
disorder. Callaghan et al. (Callaghan, 2012) performed the population-based cohort
study aimed to investigate the relationships of schizophrenia with the psychoactive
substance abuse. The risk of schizophrenia in the methamphetamine abuse group was
significantly higher than the appendicitis group (hazard ratio = 9.37). The data mining
technique, i.e. an applied Apriori algorithm, could be used to uncover the level of
iliness from the large database of depressed people (Jena, 2014). There are several
ways to perform the association rule discovery, e.g. a FT-Growth algorithm, an
Apriori algorithm, etc. Comparatively, the FP-growth algorithm outperforms the
Appriori algorithm (Vanitha, 2011) for mining a huge number of finding rule. The FP-
growth Algorithm is efficient and scalable for identifying the complete set of frequent
patterns. Two data mining techniques, i.e. support vector machines and decision tree,
were used to predict schizophrenia treatments (Howes, 2012). The decision tree
technique demonstrated the better accuracy (approximately 90%) comparable to the
support vector machine technique. The predictive performance of the FP-Growth
algorithm and the Apriori algorithm has been shown to be congruent (Hunyadi, 2011)
a study of acute methamphetamine-induced psychosis and acute negative-

methamphetamine schizophrenia patients did not find the statistically significant
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relationship between the blood methamphetamine concentrations and the severity of
psychotic symptoms (Medhus, 2013). However, the onset of schizophrenia might
require the duration of psychoactive substance use.

3. Methodology

In this study, we applied the association rule technique with FP-Growth
algorithms to the non identifiable schizophrenic patient data. The demographic data,
the history of substance use, duration of usage and behavioral disorder were extracted
from the database systems with the following criteria.

Inclusion criteria

1. The medical record of the patients who had the complete information in
4 categories we made.

2. The medical record of the schizophrenic patients and the patients who
had substance related disorder who were diagnosed by the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-1V) criteria and were recorded into
the database by the International Classification of Diseases, Tenth Edition (ICD-10).

Exclusion criteria

None

The Overall Process

Data mining (Han, 2006 and Linoff, 2011) is the data analysis which aims
to determine the unknown patterns or rules in large database. In this study, FP-Growth
algorithm was performed in order to determine the association rule of schizophrenia
and the psychoactive substances use. We processed the data analysis by (1) data-
preprocessing, (2) data dimensionzing, (3) modeling, and (4) model evaluation, as
shown in the Fig. 1.
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Preprocessing
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Fig. 1: The overall process
Preprocessing
(1.) Data collection

The dataset was collected from the psychiatric outpatient department
clinic, including the record of schizophrenia (F20) and other mental and behavioral
disorders due to the psychoactive substance usage (F10-19). The diseases were
clinically diagnosed according to the diagnostic criteria of DSM-1V, and classified into
the database according to the ICD-10 standard codes.

(2.) Data organization

The schizophrenia and other mental and behavioral disorder datasets
consisted of the following attributes: ICD-10 code, city, sex (male or female), age at
diagnosis, marital status (single, married, or divorced), and substance use (yes or no).
The dataset was organized by combining the schizophrenia and other mental and
behavioral disorder into the same format in order to select the patients who have them
concurrently. The missing data such as the lack of any attribute data would be
excluded from the dataset.

Data dimensionizing

This step we grouped the data into 24 datasets based on the combination of
the following categories: psychoactive substance use, duration of the substance use,
patient demographic data, and schizophrenia status. We also subcategorized the
psychoactive substance use patients into 2 attributes. One was the type of substance
the patients used; another was the symptoms, the behavioral disorder or both mental

and behavioral disorders which were the consequence from substances use. We
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selected 24 combination types which related to the demonstration of the factors
associated with Schizophrenia. Our 12 datasets were composed of the data from 2
categories and another 12 datasets were composed of data from 3 categories. All 24

datasets, we selected were shown in Table 1.

Table 1: Dataset descriptions

Dataset o Dataset o
Description Description
No. No.
1 Substance between Substance 13 Substance between Symptoms
] Substance and duration between
2 Duration between Substance 14
Symptoms
3 demographic data between 15 Substance and demographic data
Substance between Symptoms
A Behavioral disorder between 16 Behavioral disorder between
Substance Schizophrenia
. Behavioral disorder and duration 17 Behavioral disorder and duration
between Substance between Schizophrenia

Behavioral disorder and . . .
Behavioral disorder and social data

6 demographic data between 18 ] .
between Schizophrenia
Substance
; Behavioral disorder between 19 Behavioral disorder between
Behavioral disorder Symptoms
8 Duration between Behavioral 20 Behavioral disorder and duration
disorder between Symptoms
9 demographic data between ’1 Behavioral disorder and demographic
Behavioral disorder data between Symptoms
) ) Mental and behavioral disorder
10 Substance between Schizophrenia 22 ) )
between Schizophrenia
1 Substance and duration between ’3 Mental and behavioral disorder and
Schizophrenia duration between Schizophrenia

) Mental and behavioral disorder and
Substance and demographic data )
12 ) ) 24 demographic data between
between Schizophrenia ] )
Schizophrenia
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Modeling

In order to demonstrate the association between schizophrenia and
psychoactive substance usage, this study designed to perform the association rule
discovery (Han, 2006 and Prabhu, 2007). After we got the association between any
attributes, the psychiatrist opinions for those associations still needed to confirm the
reasonable of the discovery. To demonstrate the magnitude of the association, we
applied the FP-Growth algorithm (Han, 2000), one of the association rule discovery
methods to our dataset. Initially, we started with encoding the input dataset into a
compact data structure called a frequent pattern tree (FP-tree).

Model Evaluation

The related parameters of association rule discovery measured by Support,
Confidence, Lift and Conviction. Support is the proportion of transactions containing
the set X. Confidence is the proportion of transaction containing X which also contains
Y. Lift is the ratio of the observed support of that expected if X and Y were
independent. A conviction can be interpreted as the ratio of the expected frequency
that X occurs without Y.,

4. Experimental Result and Discussion

Result

None of the subject was withdrawn from the study. The data of the
subjects were analyzed in 24 datasets. Each dataset contained its specific description,
which was characterized by 4 categories as shown in the previous section (Table 1).
The association rules with the highest confidence level are shown in Table 2, together
with its lift, and conviction. In case of equal confidence level, lift and, then, conviction
were considered. Confidence, lift, and conviction are the values of probability,

measure of rule, and belief of rule respectively.

Table 2: Summary of the average precision results of all experimented

datasets
Dataset
No. Association Rules Confidence | Lift | Conviction
1 Substances, Volatile — Amphetamine 0.71 6.67 3.13
2 Substances, Duration > 90 — Alcohol 0.86 1.40 2.72
3 Unemployed, Diagnosis age range, Northeast 0.97 1.58 11.66
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Dataset
No.

Association Rules Confidence | Lift | Conviction

region — Alcohol

Dependence syndrome, Withdrawal state,
4 0.99 1.62 33.03
Withdrawal state with delirium — Alcohol

Duration 0-6, Dependence syndrome, Withdrawal
5 0.99 1.61 30.31
state with delirium — Alcohol

Male, Dependence syndrome, Bangkok,
6 0.99 1.62 47.79
Withdrawal state with delirium — Alcohol

Withdrawal state, Other mental and behavioral
7 0.98 1.39 13.28
disorders — Dependence syndrome

Withdrawal state, Duration 49-54 — Dependence
8 0.95 1.35 6.20
syndrome

Male, Hireling, Withdrawal state, Psychotic
9 ) 0.97 1.38 10.33
disorder — Dependence syndrome

Nicotine, Amphetamine, Substances —
10 ) . 0.89 1.32 2.93
Schizophrenia

11 Amphetamine, Duration 7-12 — Schizophrenia 0.94 1.39 521

Male, Bangkok, Single, Nicotine, Diagnosis age
12 0.96 1.42 7.82
range 35-44 — Schizophrenia

Nicotine, Alcohol, Substances — Paranoid
13 ) ) 0.83 1.83 3.27
schizophrenia

14 Nicotine, Duration 43-48 — Paranoid schizophrenia 0.90 1.98 5.45

Male, Amphetamine, Diagnosis age range 45-54
15 0.89 2.14 5.26

— Schizophrenia unspecified

Dependence syndrome, Unspecified mental and
16 0.90 1.33 3.26

behavioral disorder — Schizophrenia

Psychotic disorder, Duration 19-24
17 0.92 1.37 4.23
— Schizophrenia

Male, Bangkok, Other mental and behavioral
18 ] 0.80 1.19 1.63
disorders — Schizophrenia

Dependence syndrome, Harmful use, Unspecified
19 mental and behavioral disorder — Schizophrenia- 0.80 1.82 2.81

unspecified

Dependence syndrome, Harmful use, Duration 7-12
20 0.88 1.92 4.36
—Paranoid schizophrenia

21 Male, Dependence syndrome, Single, Other mental 0.80 1.82 2.81
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Dataset o ) ) o
N Association Rules Confidence | Lift | Conviction
0.

and behavioral disorders — Schizophrenia
unspecified
Nicotine dependence syndrome, Amphetamine

22 ) ) 0.95 141 6.84
dependence syndrome — Schizophrenia
Nicotine dependence syndrome, Duration 25-30 —

23 ) . 0.92 1.37 4.23
Schizophrenia
Male, Bangkok, Single, Nicotine dependence

24 syndrome, Diagnosis age range 35-44 — 0.96 1.42 7.82
Schizophrenia

Table 3: Selected rules with schizophrenia as conclusion
Dataset
N Association Rules Confidence | Lift | Conviction
0.

11 Amphetamine, Duration 7-12 — Schizophrenia 0.94 1.39 521
Male, Bangkok, Single, Nicotine, Diagnosis age

12 0.96 1.42 7.82
range 35-44 — Schizophrenia
Nicotine dependence syndrome, Amphetamine

22 ) ) 0.95 141 6.84
dependence syndrome — Schizophrenia
Male, Bangkok, Single, Nicotine dependence

24 syndrome, Diagnosis age range 35-44 — 0.96 1.42 7.82

Schizophrenia

Of the 24 datasets, only the datasets with the consequence of

“schizophrenia” in the association rule were selected to represent the results of the

study (Table 3). From the dataset No.11, 94% of the patients diagnosed with

amphetamine use in the duration of 7 to 12 months were likely to have schizophrenia

with the measure of rule 1.39, and with the strong belief of rule 5.21. From the dataset

No0.12, 96% of the single male patients in Bangkok diagnosed with nicotine use in

diagnosis at the age of 35 to 44 years old were likely to have schizophrenia with the

measure of rule 1.42, and with the strong belief of rule 7.82. From the dataset No.22,

95% of the patients diagnosed with nicotine dependence, and amphetamine

dependence were likely to have schizophrenia with the measure of rule 1.41, and with

the strong belief of rule 6.84. From the dataset No0.24, 96% of the single male patients
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in Bangkok diagnosed with nicotine dependence in the age of 35 to 44 years old were
likely to have schizophrenia with the measure of rule 1.42, and with the strong belief
of rule 7.82. To put the results together, the single male in Bangkok diagnosed with
nicotine and/or amphetamine use and/or dependence at the age of 35 to 44 years old
with the use of a period of 7 to 12 months was at associated with having

schizophrenia.

Discussion

This study demonstrated the validity of FP-Growth algorithm as an
analytical tool for research as well as of Apriori. The result of association rules
showed the acceptable confidence level with the value of at least 0.70 for overall
association rules and of at least 0.90 for the selected association rules. This result was
also corresponding to the previous finding (Vanitha, 2011), which approved the
validity of the FP - growth algorithm in comparison with Apriori algorithm.

The problem of the research was on identifying the duration of substance
use, which was usually inaccurate due to inability to recall or the psychological
symptoms during the substance use. Moreover, substance use and schizophrenia were
often recorded by medical personnel in the same way because of the similarity in their
presentation and diagnosis. The further study may focus the effect of substance use on
the permanent change of neurons, especially in dopaminergic pathway, which is the
main pathologic mechanism of schizophrenia, and other conditions that probably cause

schizophrenia.

5. Conclusion
Further than discovering the association rules between schizophrenia and
other factors, this study also highlighted the effectiveness of FP-Growth algorithm.
The findings suggested that FP-Growth was a valid analytical tool to address the

research questions, and had the possibility of becoming a tool of choice in the future.
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