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ABSTRACT

PREDICTING ALZHEIMER’S DISEASE USING ADAPTIVE NEURO FUZZY
INFERENCE SYSTEM

Cikrikgili, Onur

Information Technologies

Thesis Supervisor: Prof. Dr. Adem KARAHOCA

August 2013, 40 Pages

Alzheimer's disease (AD) one of the major health problem all around the world and
unmitigated cure has not been found yet. A correct diagnosis of AD can be affirmed by
histopathologic tests. In addition, mental tests and daily activities can lead diagnose of
patients' mental condition. The goal of this study is to develop a data mining solution
using neuropsychological test results that makes diagnosis of AD and its stages as
accurate as possible and assist to medical doctors' final decision.

In this study, Sugeno-Type adaptive-network-based fuzzy inference system (ANFIS),
multilayer perceptron (MLP), Iterative Dichotomiser 3 (ID3) and One Rule (OneR)
algorithms were assessed whether to could predicting AD. The data set is collected from
264 patients who complained about their health problems and applied to Istanbul
University's Department of Neurology. All of the subjects’ ages are 65 or over. The
blind data records has 11 attributes that covers basic demographic information and
neuropsychological test results. Using “Information Gain” filter, ineffective attributes
are eliminated.

According to the results, ANFIS classified the instances with the highest correctness
rate which is %96 and MLP classified an accuracy of 87%, ID3's is 76% and OneR's is
76%. In addition ANFIS has a high performance based on the methods that sensitivity,
specificity and root mean square error.

Keywords: Alzheimer’s disease, Prediction of Alzheimer’s disease, Dementia, ANFIS,
Data Mining



OZET

ALZHEIMER HASTALIGININ UYARLANMIS NEURO FUZZY SONUC
CIKARIM SISTEMLERIYLE ONCEDEN TAHMIN EDILMESI

Cikrikgili, Onur

Bilgi Teknolojileri

Tez Danismani: Prof. Dr. Adem KARAHOCA

Agustos 2013, 40 Sayfa

Alzheimer hastalig1 giiniimiiziin en 6nemli saglik sorunlarindan biri olup, bu hastaligin
tam anlamiyla tedavisi glinlimiiz sartlarinda miimkiin degildir. Bir hastaya Alzheimer
teshisi koymak icin histopatolojik testlere ihtiya¢ duyulmaktadir. Buna ek olarak
zihinsel testler, gilinliik aktivitelerinin degerlendirilmesi de hastaligin teshisinde énemli
rol oynamaktadir. Bu calismanin amaci, hastaya uygulanan noOropsikolojik testlerin
sonuglar1 dogrultusunda veri madenciligi ¢6ziimii gelistirmektir. Boylece hekimlerin
Alzheimer teshisinde hiz kazanip hastalik hakkindaki kararlarinda kolaylik saglamasi
amaglanmaktadir.

Bu calismada, Alzheimer hastaliginin 6nceden tahmini igin, Sugeno-Type adaptive-
network-based fuzzy inference system (ANFIS) sistemi kullanilmig, multilayer
perceptron (MLP), Iterative Dichotomiser 3 (ID3) ve One Rule (OneR) algoritmalart ile
de karsilastirilmistir. Tahmin sistemi icin kullanilan veriler, Istanbul Universitesi
Noroloji Departmani’na saglik sorunlartyla bagvuran 65 yas iisti 264 hastanin
kayitlarindan alinmigtir. Kayitlar, hastalarin  demografik ozellikleri ile birlikte,
noropsikolojik testler sonuglarindan olusan 11 temel 6zellikte gruplanmistir. Bir sonraki
asamada islevsel Ozelliklerin kullanilmasi i¢in “Information Gain” filtresi ile veriler
filtrelenmistir. Filtreleme sonucu, yas ve cinsiyet ¢ikarilarak bu say1 9’a diistirilmistiir.

Yapilan c¢aligmalar neticesinde ~ANFIS  verileri 96%  oraninda hastanin
gruplandirilmasin1 dogru olarak hesaplamistir. MLP algoritmasi 87%, OneR ve I1D3
algoritmalar1 da 76% oraninda basar1 gdstermistir. Ayni1 zamanda hassaslik, 6zgiinliik
ve ortalama karesel hata degerlerinde ANFIS’in diger algoritmalara gore belirgin bir
sekilde daha 1yi performans sergiledigi gozlemlenmistir.

Anahtar Kelimeler: Alzheimer hastaligi, Alzheimer hastaliginin tahmini, Bunama,
ANFIS, Veri Madenciligi
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ABBREVIATIONS

AD . Alzheimer’s disease

ADRDA : Alzheimer’s disease and Related Disorders Association
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BIMC : Blessed Information-Memory-Concentration

BOMC : Blessed Orientation — Memory — Concentration
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MCI : Mild Cognitive Impairment
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RMSE : Root Mean Squared Error

SPECT : Single Photon Emission Computed Tomography
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1. INTRODUCTION

1.1 PROBLEM DEFINITION

Alzheimer’s disease (AD) is probably the most common dementia model of today’s
modern society which described as eponym disease in 1906 by Alois Alzheimer. Macro
/ microscopic findings was documented from his famous patient Auguste D. Researches
show that (Brookmeyer et. al. 2007) according to the prevalence rates, this irreversible
neurodegenerative disease becomes one of the most important public health problem. AD
has 6.4 percentage rate in all over 65 year old society. Also women have mildly elevated
risk than men but yearly incidence risk is coequal within two genders and it is the most
common dementia disorder in society (65 percent of all dementia syndromes). Studies
demonstrate that hypertension, cholesterol, lack of social networks, diabetes (generally
vascular risk factors), head trauma, having a 1% degree relative who has diagnosed AD,
education, loneliness and other factors increase the risk of AD (Bennett et. al. 2006;
Wilson et. al. 2007; Kivipelto et. al. 2006). This neurodegenerative disease impairs one's
mental functions and this impairment accelerates faster and continues during several
years before death. In the final phase of AD makes the patient completely immobilized
and mentally impaired. The consequences of the disease not only affect the patients but

also their families according to the economic and physiological.

AD’s clinical symptoms didactically separated in three areas: Cognitive, behavioral signs
and daily living activities. Cognitive symptoms and findings are insidious low progressive
amnesia, articulation disorders such as anomic aphasia, attention deficits, impaired
insight, visio-spatial orientation disorders and executive syndrome deficits. Behavioral
symptoms are personality change, delusions (paranoid / persecution delusions), visual
hallucinations, Capgras syndrome and sleeping disorders. Daily living activity changes
are personal hygiene deficits, calculation problems in dealing, wish / grace missing in
hobbies, communication disorder in family and lack of ability in job are can be counted.
By the clinic-pathologic explanation AD is a neurodegenerative disease which
characterized progressive-selective neuronal loss. This neuronal lack starts typically in

lymbic system and entorhinal cortex. Paralymbic, uni / heteromodal association cortex,



primer sensory and motor cortex areas additionally effected during the progression.
Cytologic investigations showed that degeneration’s principle reasons are amyloid
plaques in intercellular area and hyperphosphorile tau tangles in intracellular side.
Histopathological changes such as senile plaques, neurofibrillary tangles, neuropil
threads are main characteristics of the disease. In AD, nerve cells that also called neurons
die or their functions don't work properly. Loss of neurons cause lack of communication
between afferents and efferents of entorhinal cortex and hippocampus. So this fatal
disease’s symptoms start with deterioration of remember new information and loss of
cognitive abilities. Progressive memory loss, lack of ability for doing daily activities,

speech, mood and behavioral disorders should be seen during the progression of AD.

There are three well-known types of AD. Early-onset AD one of the rare form of the
disease. Generally people whom age is below 65 and have an AD considered as an early-
onset AD. Researches (Ashford and Mortimer 2002) show that APOE &4 allele increased
the AD heritability up to 50 percent. Also, APP gene on 21", Presenilin 2 gene on 1" and
Presenilin 1 gene on 14" chromosome is considered findings in autosomal dominant
inherited early-onset AD patients. In addition people who have “Down Syndrome” are
especially at risk for early-onset AD. Having a Down syndrome diagnosed baby under 35
year old in women, AD risk evaluates 5 flat above. But there is no risk for paternal side.
Interestingly, Down syndrome causes early diagnosed AD generally under age 50. The
other form of AD is Familial AD. This type of AD known as an inherited AD and at least
two members of family have had AD to diagnose as familial AD. It is also the rarest form
of AD. The last one is late-onset AD that is the most common form all over the world.
Diagnosed people whom age is 65 or more are considered as a late-onset AD. In this
research, target subjects are chosen from late-onset group. The advanced consideration

about the late-onset group and its effects are done in materials and methods section.



1.2 BACKGROUND

Physicians must need two sine qua non (an essential or indispensable element) items to
diagnose AD. Detailed anamnesis (the medical history of a patient) from patient’s
relatives and mental examination / neuropsychological tests which prospered for patient’s
education and social statue. Although there is no essential treatment for AD, with some
pharmacological progress, AD’s development phases can be abated. In this case, early
detection has a highly important role according to the aspects of patient’s health and
disease’s pervasiveness. According to the Alzheimer's Disease Neuroimaging Initiative
(ADNI) (Weiner et. al. 2012), there are considerably variety ways to early detection of
AD’s symptoms using clinical, imaging, genetic and biochemical biomarkers. Positron-
emission tomography (PET) (Ikonomovic et. al. 2008) and alternative's is single photon
emission computed tomography (SPECT) (Clark et. al. 2008) and fluorodeoxyglucose
PET (FDG - PET) (Del Sole et. al. 2008) are popular methods. In addition magnetic
resonance imaging (MRI) and its methods functional MRI (Sluimer et. al. 2008), multi
atlas propagation and segmentation (MAPS) (Leung et. al. 2010) are also widely known
ways for prediction. Gene expression changes (Walker et. al. 2004) and try to find risky
genes (Myers and Goate 2001) are also another approaches that analyze the AD from
genes factor. CSF biomarkers like f-amyloid quantity and tau / hyper-phosphorylated tau
ratio in CSF, and clinical tests (Frisoni and Weiner 2010) are commonly used.
Biochemical parameters like vitamine B12, folic acide, homocystein quantity,thyroide
hormone level, sphilis and HIV panel is used for differential diagnose. Generally these
classification methods are based on machine learning algorithms. From supervised
learning support vector machines algorithms to unsupervised tree algorithms variety of
way are exist to analyze the image and build a classifier to predict AD.

While popular neuroimaging techniques deals with histopathologic data’s of AD,
computerized or paper based neuropsychological tests can give an idea about the
possibility of being AD and its type. Researches (Fowler et. al. 1997) show that, analysis
of two computerized neuropsychological tests, classifies the early dementia with the
considerable enough correction rates. Another research state that (Ashraf et. al. 2010)
using information gain and Adaptive-Network-Based Fuzzy Inference System (ANFIS)



can be a highly informative guide and diagnose breast cancer with higher accuracy. In the
light of these information, goal of this research is compare the ANFIS and other
algorithms' accuracy with respect to prediction of patient's possible AD group using seven
paper based neuropsychological test results. Hence, in this study, seven paper based
neuropsychological test results and demographic data of 264 potential AD patients whom
ages is 65 or older are collected, filtered them and lastly classified the subjects to proper

groups according to fuzzy logic and other algorithms.



2. MATERIALS AND METHODS

2.1 PREPARING AD DATA SET

For the purpose of the obtain the best prediction model for the AD, data set is collected
from Department of Neurology, Faculty of Medicine, Istanbul University, Turkey. The
data set covers examination reports of subjects who were examined between January 2008
and September 2012. As listed in Table 2.1, data set is segmented into four different
classes using to the criteria for the AD that was established by the National Institute of
Neurological and Communicative Disorders and Stroke (NINCDS) and the Alzheimer’s
disease and Related Disorders Association (ADRDA) work-group in 1984 (McKhann et.
al. 1984).

2.1.1 Output Classes

In order to the criteria, definite Alzheimer’s disease requires histopathologic
confirmation, so definite Alzheimer’s disease criteria is not added to Table 2.1 due to
requirements of histopathologic clinical studies. The other outputs Possible Alzheimer
(POSAD), Probably Alzheimer (PRAD) represent the probability of the AD’s. In
addition, Mild Cognitive Impairment (MCI) also added to table. MCI describes a state
that between inevitable aging symptoms and dementia. It is used to describe the subjects
whom their cognitive functions are impaired but not fairly enough to call their disease as
a dementia. It is also called as the prodromal state of AD (Dubois 2010) due to studies
which confirm that between 10 — 15 percent of MCI patients’ disease evaluate to AD
yearly (Petersen 2009). According to the studies (Gauthier 2006, Nordlund 2005), MCI’s
prognosis can be diverges, patient’s diseases may remain constant or improve. Once and
for all, class name “Normal” is added to the table to describe the subjects whom their
diseases not considered as a dementia or prodromal state of AD. As seen in Table 2.1, the
data set covers the subjects whom are regrouped as 92 of them normal, 55 of them MCI,
57 of them PRAD and lastly 60 of them PosAD.



To prepare the data for ANFIS, these four categorization type is converted to decimal
numbers, between 0 and 1, according to the link between the condition and correct
diagnosis of AD. Respectively, “Normal” is converted to 0.1; “MCI” converted is

converted to “0.5”; “PRAD” is converted to “0.7” and “PosAD” is converted to “0.9”.

Table 2.1: Classes for the output variable

Class Description Number of

name subjects

Normal Subjects who are not diagnosed as any kind of mental 92
disorder

MCI Subjects who are diagnosed as any kind of MCI 55

PRAD Subjects who are diagnosed as PRAD 57

PosAD Subjects who are diagnosed as PosAD 60

2.1.2 Demographic Data

Attributes of the data set can be considered into two groups as follows: demographics
data and clinical data. In demographics data, the gender parameter indicates whether the
patient is male or female. For ANFIS classification male subjects classified as a zero (0)
and females as a one (1). To describe education parameter K12 scale is used which
describes from kindergarten to end of secondary education level. Subjects who are
illiterate or education level’s from kindergarten to end of primary school are classified as
a primary education, from end of primary school to end of high school are classified as a
secondary education and lastly, people who have undergraduate or higher degree are
classified as a higher education. To convert to numeric types for ANFIS, primary
education is classified as an education level 1, secondary education is classified as an
educational level 2 and lastly higher educational level is classified as an educational level
3. Mean ages (£ SD) are 76.56 * (6.57) for women, 77.12 + (5.96) for men and 76.85 £
6.25 for all subjects. The other characteristics of data can be shown in Table 2.2.



Table 2.2: Demographic features and educational status

Women Men Total
Mean age (years) 76.56 + (6.57) 77.12 £ (5.96) 76.85 + (6.25)

70-74 61 60 121
75-79 32 63 68
80+ 32 43 75

Total 125 (47.34%) 139 (52.66) 264

Mean years of education 6.88 = (3.38) 7.02 = (3.8) 6.96 = (3.6)

Iliterate 22 (45.83%) 26 (54.17%) 48
Primary Education 47 (48.45%) 50 (51.55%) 97
Secondary Education 50 (51.02%) 48 (48.98%) 98
Higher Education 6 (28.57%) 15 (71.43%) 21

2.2 NEUROPSYCHOLOGICAL TESTS

Clinical Neuropsychology verifies the cognitive and behavioral reflections of the mental
disorders. It evaluates between brain and higher cortical activity by some evaluation
techniques like qualitative observations, neuroimaging findings, analyzing subject’s
history, and mainly with neuropsychological tests. In below, neuropsychological tests that
are used in this research are described and in Table 2.3 all of the variable names, types

and their ranges can be shown.

Table 2.3 List of variables and domain values

Variable Data Acceptable values
type
1. Gender Boolean Male =0, female =1
2. Education Integer 1-5=1,5-12=2,12+=3
3. Age Integer 65 and above
4. MMSE Integer  Between 0 and 30, 25 and above means healthy

brain activities



5. GDS Integer 1 =normal, 2 = mild memory loss, 3=MClI, 4 =
early dementia, 5 = moderate dementia, 6 =
moderately severe dementia, 7 = severe
dementia

6. CDR Decimal 0 = no cognitive impairment, 0.5 = questionable,
1 = mild dementia, 2 = moderate dementia, 3 =
severe dementia

7.CDR-SB Decimal Between 0 and 18, reverse ratio between score
and mental state

8. GerDS Integer 1 to 10 is considered as “within normal range”,
10 to 20 is considered as “mild depression”,

20 to 30 is considered as “moderate to severe
depression”

9. GerDS - 2" Examine Integer 1 to 10 is considered as “within normal range”,
10 to 20 is considered as “mild depression”,

20 to 30 is considered as “moderate to severe

depression”

10. BOMC Integer  Between 0 and 28, reverse ratio between score
and mental state
11. BDRS Decimal Between 0 and 28, reverse ratio between score

and mental state

2.2.1 MMSE

The Mental Status Examination is generally done to evaluate cognitive functioning of
subjects and one of the well-known form is Mini-Mental State Examination (MMSE). It
is developed by M. F. Folstein, S. E. Folstein and P. R. McHugh in 1975. In depth, it is
used to detect and estimate the severity of the disease and predict the dementia (Folstein,

Folstein and McHugh 1975). As a highly informative neuropsychological test, 10 — 25



percent of subjects whom score are considered in moderate range, may developed
dementia in following 2 years (Kaufman 1991).

Researches show that (Fischer et. al. 2004) MMSE’s criteria generally covers the
following issues:

Appearance: gestures and mimics, patient’s dress, attitudes and eye contact.
Orientation: Patient’s focus, awareness to people and place.

Speech: Rate, tone, articulation, grammar.

Cognitive functioning: Vocabulary, reasoning, judgment, rational thoughts.

Emotional state: Mood and range of emotions.

Insight and judgment: Level of insight and comport themselves properly.

Attention, concentration and memory: recall of recent information.

As a clinical data, Turkish version (Gungen et. al. 1999) of Mini-Mental State
Examination (MMSE) is used. Original Folstein’s mini-mental state exam can be shown

in below. The test that is used in this research can be found in Appendix 1.

1. Orientation

Each question is one point, correct answers graded as a one point.
. What is today’s date?

. What is today’s year?

. What is the month?

. What day is today?

. Can you also tell me what season it is?

. Can you also tell me the name of this hospital / clinic?

. What floor are we on?

. What city are we in?

© 00 N o O b~ W N e

. What country are we in?

10. What state are we in?



2. Immediate Recall
First of all, the words “ball”, “flag”, “tree’ are told by doctor slow and clearly. Then,
the doctor is asked to the subject to repeat every word. If three of them is said correctly

then the maximum score 3 is given.

3. Attention and Calculation

A. Counting Backwards Test

The subjects starts from 100 and count backwards by 7. Each response is recorded until
65. If all of them correct maximum score 5 is given. Any response that exactly less than
7 of previous record can accepted as a correct.

B. Spelling Backwards Test

Spell the word “world” backwards is asked to subject. Each letter is one point and if all
of them true the maximum score 5 is given.

C. Final Score

Counting Backwards Test and Spelling Backwards Test’s scores are compared and the

greater one is written as a final score of Attention and Calculation part.

IV. Recall
The doctor is asked to the subject to recall the three words that is told in Immediate Recall
part. One point is given for each correct response. So if the subject can remember the

words “ball”, “flag”, “tree”; maximum score 3 is given.

V. Language

A. Naming

The doctor shows a wrist watch then asked to subject what it is. Same process is done for
pencil. For each correct name of objects, 1 point is given and total score is 2.

B. Repetition

The doctor asked to subject to repeat: “No, ifs, ands, or, buts.” One point is given for
correct repetition.

C. Three Stage Command

First of all the subject’s dominant hand is established. Then a sheet is given to subjects

and three commands are given: “takes paper in hand”, “folds paper in half”, “puts paper

10



on floor.” For each correct response to commands one point is given. Maximum score is
3 if all of the responses are correct.

D. Reading

The doctor holds up the cards that written “Close your eyes” and asked to subject to read
and do what it says. If the subject close his / her eyes one point is given.

E. Writing

A sheet is given to subjects and doctor asked to subject to write a sentence spontaneously.
If the sentence has verb and subjects one point is given. Grammar and punctuation are
not necessary.

F. Copying

Doctor shows intersecting pentagons, as shown in Figure 2.1 and ask him / her to draw it
to sheet. If there are ten angles and two intersects one point is given. Tremor and rotation
are ignored.

Figure 2.1: Intersecting pentagons

2.2.2 GDS

The Global Deterioration Scale (GDS) was developed by Barry Reisberg in 1982. The
test divides the primary degenerative dementia to 7 different stages (Reisberg et. al.
1982).

11



The original GDS test can be shown in below. The test that is used in this research can be

found in Appendix 2.

Stage 1 - No cognitive decline: There is no memory deficit during the clinical interview.

Stage 2 - Very mild cognitive decline: In this stage, memory deficit can be shown due
to aging. Forgetting the place of familiar objects, forgetting well-known people’s name

are general signs of this stage.

Stage 3 - Mild Cognitive Decline: The stage of MCI. Some of the symptoms are: Patient
may have lost when go to unfamiliar location, poor performance during the work, hard to
remember new people name, concentration deficit, decreasing performance in social

affairs.

Stage 4 — Moderate Cognitive Decline: The advanced form of MCI. Decreased
information about the recent event, loss of personal history, Lack of ability about travel,
handle finances, recognition familiar persons and inability to do complex tasks are main

symptoms of this stage.

Stage 5 — Moderately Severe Cognitive Decline: In this stage, patients need some
assistance do some activities but patients can do mandatory daily activities such as go to
toilet or eating. Patients can’t easily remember telephone numbers or address that patients

know from a long time or have some difficulties to count back from 20 by 2s.

Stage 6 — Severe Cognitive Decline: In this stage, patients commonly retain well-known
information such as their name, the year, the season but have difficulties to remember
exact date or count back from 10. Obsessive and anxiety symptoms, agitation, emotional
and mood changes occur. They need an assistance to daily activities and travel. On the
other hand, they may go to familiar locations.

12



Stage 7 — Very Severe Cognitive Decline: In the last stage, patient will lost all of abilities
to do daily activities. Verbal activities and basic psychomotor skills are completely lost.

Patient need assistance to go to toilet, eating or go somewhere.

2.2.3 CDR and CDR - SB

The Clinical Dementia Rating (CDR) was developed in 1979 (Hughes et. al. 1982). CDR
covers patient’s six basic functions: memory, orientation, judgment, social affairs,

hobbies and self-care.

CDR defines the level of impairment that range between 0 and 3. In other words range
between “none” to “severe impairment”. Respectively this score is, CDR = 0 means no
dementia, CDR = 0.5 means questionable dementia, CDR = 1 means mild dementia, CDR
= 2 means moderate dementia, CDR = 3 means severe dementia. Over the years, this
categorization was expanded, so two more classify is used. These are CDR = 4 means
questionable dementia and CDR = 5 means terminal (Dooneief et. al. 1996). As
researches assert, CDR - SB is also used to evaluate of patient’s mental stage in
longitudinal studies (Cortes et. al. 2008) and there is high correlation between CDR - SB
and dementia risks. In the study which set out to determine CDR and CDR - SB, CR - SB
is more useful than CDR to analyze mild cognitive impairments (Lynch et. al. 2006). Sum
of boxes of CDR (CDR - SB) defines the mental state using points between 0 and 18.

Higher points indicates subject’s severe and critical mental state.

The original CDR test can be shown in below (Morris, 1997). The test that is used in this

research can be found in Appendix 3.

Healthy - CDR 0:

Memory: No memory loss or slight inconsistent forgetfulness

Orientation: Fully oriented
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Judgment and Problem Solving: Solves everyday problems well; judgment good in
relation to past performance

Community Affairs: Independent function at usual level in job, shopping, business and
financial affairs, volunteer and social groups

Home and Hobbies: Life at home, hobbies, intellectual interest well maintained

Personal Care: Fully capable of self-care

Questionable dementia - CDR 0.5:

Memory: Mild consistent forgetfulness: partial recollection of events: “benign”
forgetfulness

Orientation: Fully oriented

Judgment and Problem Solving: Only doubtful impairment in solving problems,
similarities, differences

Community Affairs: Only doubtful mild impairment in these activities

Home and Hobbies: Life at home, hobbies, intellectual interest well maintained
Personal Care: Fully capable of self-care

Mild dementia - CDR 1:

Memory: Moderate memory loss, more marked for recent events; defect interferes with
everyday activities

Orientation: Some difficulty with time relationship; oriented for place and person at
examination but may have geographic disorientation

Judgment and Problem Solving: Moderate difficulty in handling complex problems;
social judgment usually maintained

Community Affairs: Unable to function independently at these activities thought may still
be engaged in some; may still appear normal to casual inspection

Home and Hobbies: Mild but definite impairment of function at home; more difficult
chores abandoned; more complicated hobbies and interests abandoned

Personal Care: Need occasional prompting

14



Moderate dementia - CDR 2:

Memory: Severe memory loss; only high learned material retained; new material rapidly
lost

Orientation: Usually disoriented

Judgment and Problem Solving: Severely impaired in handling problems... similarities;
differences: social judgment usually impaired

Community Affairs: No pretense of independent function outside the home. Appears well
enough to be taken to functions outside a family home

Home and Hobbies: Only simple chores preserved, very restricted interests, poorly
sustained

Personal Care: Requires assistance in dressing, hygiene, keeping of personal effects

Severe dementia - CDR 3:

Memory: Severe memory loss; only fragments remain

Orientation: Orientation to person only

Judgment and Problem Solving: Unable to make judgments or solve problems
Community Affairs: No pretense of independent function outside the home. Appears too
il to be taken to functions outside a family home

Home and Hobbies: No significant function in home or outside of own home

Personal Care: Requires much help with personal care; often incontinent

2.2.4 GerDS

The Geriatric Depression Scale (GerDS) is measure depressive symptoms using 30 yes -
no questions. It was developed in beginning of 80’s (Brink et. al. 1983). At that time, it
was common to misdiagnose nondepressed elderly people as a depressed patients due to
the somatic symptoms. It was developed to minimize to the misdiagnosis.

In GerDS, each question has one point and summation range vary between 0 and 30. As
an inverse ratio, when the results getting closer to 30 points, possibility of disorder brain
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activities getting higher. Generally it takes 5 to 10 minutes to complete. Even though
GerDS developers scores 10 or less categorized as “within the normal range” scores
between 11 and 20 categorized as “mild depression” and between 21 and 30 categorized
as “moderate to severe depression”, researches show that (Strauss et. al. 2006) while a
cutoff score > 9 may suitable to define healthy society, cutoff score > 12 may suitable the
classify “medical inpatients”. In this thesis, the most common one, original categorization
is used. GerDS - 2" Examine score is given when subject’s next visits after first interview.
The original GerDS test can be shown in below. The test that is used in this research can
be found in Appendix 4.

. Are you basically satisfied with your life?
. Have you dropped many of your activities and interests?
.Do you feel that your life is empty?
. Do you often get bored?
. Are you hopeful about the future?
. Are you bothered by thoughts you can't get out of your head?
. Are you in good spirits most of the time?

. Are you afraid that something bad is going to happen to you?

© 00 N o o b~ w N e

. Do you feel happy most of the time?

[EN
o

. Do you often feel helpless?

[EEN
[EEN

. Do you often get restless and fidgety?

[EEN
N

. Do you prefer to stay at home, rather than going out and doing new things?

[EEN
w

.Do you frequently worry about the future?

[N
SN

. Do you feel you have more problems with memory than most?

[EEN
(S

. Do you think it is wonderful to be alive now?

[EEN
(o3}

. Do you often feel downhearted and blue?

[EEN
\‘

. Do you feel pretty worthless the way you are now?

[EN
o

. Do you worry a lot about the past?

[HEN
(o]

. Do you find life very exciting?

N
o

. Is it hard for you to get started on new projects?

N
-

. Do you feel full of energy?

N
N

. Do you feel that your situation is hopeless?
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23.
24.
25.
26.
217.
28.
29.
30.

Do you think that most people are better off than you are?
Do you frequently get upset over little things?

Do you frequently feel like crying?

Do you have trouble concentrating?

Do you enjoy getting up in the morning?

Do you prefer to avoid social gatherings?

Is it easy for you to make decisions?

Is your mind as clear as it used to be?

2.2.5BOMC

The Blessed Orientation — Memory — Concentration (BOMC) was developed by
Katzman. Actually BOMC is shortened form of Blessed Information-Memory-
Concentration (BIMC) test. Katzman and colleagues analyzed and selected 6 out of 29
items from BIMC for to correlate between neuropathologic and cognitive alterations,
graduation of cognitive and functional scale in dementia (Katzman et. al. 1983).

In this test, questions are order from easy to difficult and usually takes less than 5 minutes.

The original BOMC test can be shown in below. The test that is used in this research can

be found in Appendix 5.

1. What year is it now?

2. What month is it now?

Memory phase - Repeat it:

“John Brown, 42 Market Street, Chicago.”
3. About what time is it? (Within 1 hour)

4. Count backwards 20 to 1.

5. Say the months in reverse order.

6. Repeat the memory phrase: “John”,

17
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If the subject cannot recall the year, 1 point is given and multiplied by 4. Second and third
questions are graded as 1 and multiplied by 3 if the subject cannot remember the month,
phrases and time. In question 4 and 5, for uncorrected errors score 2, for self-corrected
errors score 1 and for no errors score 0 is given and these points are multiplied by 2. In
the last question, for each uncorrected words 1 point is given and multiplied by 2.

2.2.6 BDRS

The Blessed Dementia Rating Scale (BDRS) was developed in 1968. Blessed and his
friends tried to evaluate elderly people’s “degree of intellectual and personality
deterioration” (Blessed, Tomlinson and Ruth 1968). The rating scale has 22 items and is
divided into 3 parts. First 8 items checks daily activities such financial issues or find an

address. If the patient is able to perform the item, score of 0 is given.

BDRS is scored out of 28 points and higher points mean larger deterioration about brain
functions. Score of % is given for partial performance and score of 1 is given. Next part
is about habits and self-care and includes 3 questions. In this section scores are given
between 0 and 3 with the same mentality of previous one. The last part checks one’s
personality and interest with 11 questions. If any changes in personality or interests, items
are scored 1 or O if there is no changes. As a criteria, 4 points and below indicates there
is no cognitive disorder, scores between 4 and 9 point that MCI and 10 or higher scores
are limits from moderate to severe impairment. (Eastwood et. al. 1983) In addition,

researches affirmed that 15 is threshold for moderate impairment (Stern et. al. 1987).

The original BDRS test can be shown in below. The test that is used in this research can

be found in Appendix 6.

Changes in performance of everyday activities
1. Inability to perform household tasks

2. Inability to cope with small sums of money
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3. Inability to remember shortlist of items; for example, in shopping list
4. Inability to find way about indoors
5. Inability to find way about familiar streets

6. Inability to interpret surroundings; for example, to recognize whether in hospital or at

home; to discriminate between patients, doctors, nurse, relatives, other hospital staff, etc.

7. Inability to recall recent events; for example, recent outings, visits of relatives or

friends to hospital, etc.

8. Tendency to dwell in the past

Changes in habits

9. Eating

(0) = cleanly, with proper utensils

(1) = messily, with spoon only

(2) = simple solids (for example, biscuits)

(3) = has to be fed

10. Dressing

(0) = unaided

(1) = occasionally misplaced buttons, etc.

(2) = wrong sequence, commonly forgetting items

(3) = unable to dress

11. Sphincter control

(0) = complete control
(1) = occasional wet bed
(2) = frequent wet bed
(3) = doubly incontinent
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Changes in personality, interests, drive

12. Increased rigidity

13. Increased egocentricity

14. Impairment of regard of feeling for others

15. Coarsening of affect

16. Impairment of emotional control (for example, increased petulance and irritability)
17. Hilarity in inappropriate situations

18. Diminished emotional responsiveness

19. Sexual misdemeanor (arising de novo in old age)
20. Hobbies relinquished

21. Diminished initiative or growing apathy

22. Purposeless hyperactivity

2.3 FEATURE SELECTION FOR DATA MINING SOLUTION

Machine can learn problem from data set or database according to attributes’ prior
information. To rank information, information gain method is used to approximate quality
of attributes via entropy. This method estimates the difference between prior and post

entropy (Kononenko, 1994).

Assume that C and V are discrete variables and C’s prior entropy is symbolized as E (C)
E (C)=-Y.P(C)log, P (C) where P (C) is the probability function of C.

As a post entropy of C given V
E(CW)=3%,P (V)E(C\V)
=-2XyP (V) XcP (C\V)log, P (C\V)

The information gain IG(C; V) is

IG (C; V) = E (C) - E (CWV)
IG(C; V) =-2:P(C)log, P (C) - Xp(—P (V) X XcP (C\V)log, P (C\V)
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Before applying algorithms, attribute ranking function is applied using information gain
ranking filter in Waikato Environment for Knowledge Analysis (WEKA) platform which
iIs a machine learning software written by Java and measures information gain of
variables. During this process, numeric attributes are firstly discretized by using MDL-
based discretization method (Witten and Frank, 2005). According to this model, the most
significant parameters that affect the fuzzy model are chosen. Table 2.4 shows the
variables in descending ratio. According to the rankings, gender and age which are ranked

less than 5 percent are eliminated.

In here, the important things is all of the patient's ages are 65 or older, so this elimination
says that age and gender does not make a difference if the age segment is selected 65 or
over. Even though women have mildly elevated risk than men, in this research the data
set is chosen from the late-onset subjects. As has been noted that, the mean age of the
data set is 76.85 £ (6.25). The conducted research about the age is stressed that (Farrer et.
al. 1997) AD and age correlation is fairly enough between 40 and 90, but the effect of age
is decreasing after age 70. In addition, another research that examines the relation between
gender and dementia, (Ruitenberg et. al. 2001) declared that there is no significant gender
difference up to age 90. In this data set, for women mean age is 76.56 + (6.57) and for

men'is 77.12 + (5.96); so our findings is rational with the previous research.

Table 2.4: Variables and rank percentages

Rank Percentage Variable

0.76362 CDR
0.76363 GDS
0.6335 CDR - SB
0.60051 BDRS
0.34984 BOMC
0.14297 MMSE
0.10903 GerDS
0.09358 Education
0.0029 Gender
0.00048 Age
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2.4 PREDICTING AD BY ANFIS

As a neural-fuzzy system, ANFIS is fusion both fuzzy systems and neural networks. It
was introduced by Jang. This non-linear mapping system uses fuzzy logic and learning
logic of artificial neural networks with capability of automated adaption about to training
sets and interpretability. The system is operated by nodes, directional links and outputs

are calculated by last rightmost node in networks (Jang 1993).

There are two main goals for Neuro-fuzzy systems. First one is high accuracy for
prediction, classification or approximation of the problem using training sets and the
second one is, instead of neural network’s black boxes, neural fuzzy systems creating

rules with transparency and prior knowledge.

In fuzzy reasoning, the compositional rule can be described with modus ponens tautology.

In this example x, y are variables and A, B, A’, B” are fuzzy sets.
Premise: xis A’
Implication: IF x isSATHEN y is B

Conclusion: yis B’

In Sugeno-type fuzzy inference system, if-then rules are used (Sugeno and Kang 1988;

Takagi and Sugeno 1985). These two rules can be expressed as,

Rule 1: If X isAland Y is B1, then f1 = p1x + qly + rl
Rule 2: If X is A2 and Y is B2, then f2 = p2x + q2y + rl
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Fuzzy Inference systems can be described as a nonlinear mapping process. In this process,
inputs are converted from numerical domain to fuzzy domain. For this procedure, fuzzy
sets and fuzzifiers are used. Then fuzzy rules and fuzzy inference engine are utilized. In
fuzzy inference system, the data that comes from the fuzzifiers generates into the rules
and in the last process is transformed the fuzzy domain to numerical domain back using

defuzzifiers. This process can be shown in Figure 2.2:

Input . Fuzzy Inference . Output
> Fuzzifier . Pngine | Defuzzifier
Fuzzy Rule
Base

Figure 2.2: Fuzzy Inference System Work Scheme

As it mentioned above, the structure of ANFIS which combines ANN and fuzzy system,
make a hybrid structure and using the two popular learning algorithm: least square
estimation method and back-propagation gradient descent algorithm. This hybrid system
prevents itself from over-fit or not-fit data with the highly convenient attributes: number
of training epochs, fuzzy rules and membership functions. Hybrid learning sets in from
two items: forward pass and backward pass. Until to Layer 4, the forward pass signals get
through the layers and in Layer 4 connected parameters are identified via Least Square
Method and in backward pass, the errors are back propagated until the lowest error are
found. Figure 2.3 shows the brief summary of two-input first-order Sugeno fuzzy model

with two rules.
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Layer 1 Layer 4

Al
Layer 2 Layer 3
X
W _
1 W,
A2 Tc X o
W,
B, TC N —>
y W2
Bz

Figure 2.3: Summary of two-input first-order Sugeno fuzzy model
Layer 1: First layer, also known as fuzzy layer, nodes can be described as Al, A2, B1,
B2 which are the linguistic labels (small, large, etc.), and they are used in the system to
separate the membership functions. For instance, the node function in this layer can be
expressed the generalized membership function between input and output:

uAi(x), i=1,2. (2.1)

uBi(x), j = 1,2. (2.2)

Layer 2: In this layer, T-norm operator performs the firing strength that represented by

wi for each node. The output wl and w2 functions computes the incoming signals,

W= udi(x) uBi(y), 1 = 1,2. (2.3)

Layer 3: Fixed nodes normalize the firing strength and calculates the ratio for that node

to the sum of all rules fires strength.
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Wi

Wi ,
W1+ W2

i=1,2. (2.4)

Layer 4: The layer's nodes are adaptive and linked with the previous layer where the layer

takes the linear and consequent parameter.
Wi fi = Wi (pix + qiy + i), i = 1,2, (2.5)

Layer 5: The last one also known as aggregation layer calculates the overall output as

total of incoming signals of the system.

= . . 2 Wifi
Zinfl— W (26)

ANFIS's learning rule which is back propagation gradient descent calculates the all of the

nodes outputs' derivative of squared error. This method is done by the ANFIS.

2.5 PREDICTING AD BY MLPS

Multilayer Perceptron (MLP) algorithm uses feed-forward architecture and generally is
preferred for supervised learning task. This algorithm sets connection weights using
iterative training methods with at least three layers. A typical multilayer perceptron
network’s first layer referred as an input layer; then, one or more hidden layers and lastly

output layer. Basic structure of multilayer perceptron can be shown in Figure 2.4:
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15t hidden 2" hidden
layer layer

Figure 2.4: A schematic diagram of multilayer perceptron algorithm

In this algorithm, inputs are associated with weights and outputs have an activation
function. Using nonlinear activation function for each neuron makes difference of other
perceptron algorithms. As a supervised learning technique, it occurs via changing
connection weights between each neuron and comparing the error and output results. For
further details and explanation about the multilayer perceptron can be found in various
articles (Ruck, Roger and Kabrisky 1989; Ruck et. al. 1990; Pal and Mitra 1992).

2.6 PREDICTING AD BY ID3

Iterative Dichotomiser 3 (ID3) is a decision tree algorithm (Quinlan 1986). In this
nonincremental algorithm decision sequence is selected based on information gain using
entropy. Entropy is used to determine how informative a node is. It is calculated using

the formula:

E@S) = Xj=1 f5() logz £5(/) (2.7)

where
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E(S) is the information entropy of the set S;

n is number of S’s different values

fs(j) is the frequency of the value j in the set S

log, is the binary algorithm.

If the entropy is O then classified set is identified perfectly.

After the entropy, Information Gain uses to decide which attribute is the most suitable for
improved entropy. The column that has the highest information gain as used as a node of

decision tree. Information Gain is calculated using the formula:

Gain(S, A) = Entropy(S) - X121 fs(ADE(S 4,) (2.8)
where
G(S, A) is the information gain of the set S after splitting over A
Entropy(S) is the information entropy of the set S
M is the number of the different values of the attribute A in S
fs(A4;) is the frequency of Ai items as value Ain S
A; is the i possible value of A

S 4, is asubset of S an it contains all i.

Unlike a binary tree, the 1D3 decision tree can have multiple children and siblings. This
algorithm searches through the training set's attributes and choose the best one. The
algorithm works recursively until the best attribute perfectly classifies the training set.
The top-most node represents the highest information gain. The highest information gain
means the most useful for classification. After the best attribute is selected, ID3 algorithm
does not consider the previous choices to compare which one is more useful for

classification. Results are used to classify future samples.

The pseudo code of 1D3 algorithm is written below:

ID3 (Examples, Target_Attribute, Attributes)
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Create a root node for the tree
If all examples are positive, Return the single-node tree Root, with label = +.
If all examples are negative, Return the single-node tree Root, with label = -.
If number of predicting attributes is empty, then return the single node tree Root,
with label = most common value of the target attribute in the examples.
Otherwise Begin
A «— The Attribute that best classifies examples.
Decision Tree attribute for Root = A.
For each possible value, Vi, of A,
Add a new tree branch below Root, corresponding to the test A = V.
Let Examples(Vi) be the subset of examples that have the value Vi for A
If Examples(Vi) is empty
Then below this new branch add a leaf node with label = most common target
value in the examples
Else below this new branch add the sub tree ID3 (Examples (Vi), Target_Attribute,
Attributes — {A})
End

Return Root

2.7 PREDICTING AD BY ONER

One Rule (OneR) algorithm generates a one-level decision tree. The algorithm takes the
single attribute that is the most accurate in predicting. It checks the training data and
create one rule for every value of the chosen attribute. This process repeat itself for each
attribute then number of errors are calculated to find each of attribute's total error. In the
end, all of the attributes are analyzed according to error rate and smallest one chosen and
determined as a “one rule”. Researches (Holte 1993) show that this algorithm can give
acceptable accuracy rate when the results are compared to more complex algorithms.

OneR algorithm’s pseudo code is written in below:
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OneR Algorithm
For each predictor,
For each value of that predictor, make a rule as follows;
Count how often each value of target (class) appears
Find the most frequent class
Make the rule assign that class to this value of the predictor
Calculate the total error of the rules of each predictor
Choose the predictor with the smallest total error.

2.8 ANALYSIS METHODS
For comprehensive analysis, sensitivity, specificity, correctness and Root Mean Squared
Error (RMSE) results are calculated using confusion matrix. Matrix values have the

following definition:

TP (true positive): Number of records that prognosis of a patient's complaint is AD and

the algorithm classified as an AD.

TN (true negative): Number of records that prognosis of a patient's complaint is AD and

the algorithm classified as a not AD.

FP (false positive): Number of records that prognosis of a patient's complaint is not AD

and the algorithm classified as AD.

FN (false negative): Number of records that prognosis of a patient's complaint is not AD

and the algorithm classified as not AD.

And the results are computed according to the following formulas:

Sensitivity (%) = —— x 100 (2.9)

TP+FN
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TN

Specificity (%) = e 100 (2.10)
Correctness (%) :% x 100 (2.11)

N .
Root Mean Squared Error (RMSE) (%) = /Z‘”@Tl”)z (2.12)

where pi is the predicted values, ri is the real values and N is the number of records.
For ANFIS, MATLAB codes are used and can be shown in below.

RMSE.m
% Load files
load c:\thesis\trainingSetinput.txt
load c:\thesis\trainingSetOutput.txt
load c:\thesis\trainingSet.txt
load c:\thesis\controlSet.txt
load c:\thesis\controlSetInput.txt
load c:\thesis\controlSetOutput.txt
load c:\thesis\testingSet.txt
load c:\thesis\testingSetInput.txt
load c:\thesis\testingSetOutput.txt
% Generate fuzzy inference system
fismat = genfis2(trainingSetinput, trainingSetOutput, 0.5);
% 3 epoches
for ct=1:3,
[fismat,error] = anfis(trainingSet, fismat,2, NaN, controlSet, 1);
end;
% Evaluate of fuzzy inference system
predictedTrainingSetOutput = evalfis(trainingSetinput, fismat);
predictedTestSetOutput = evalfis(testingSetInput, fismat);
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predictedControlSetOutput = evalfis(controlSetInput, fismat);

% RMSE calculation

numberOfRecords = 67,

difference = normalize(predictedTestSetOutput) - testingSetOutput;
RMSE = power(sum(power(difference,2)) / numberOfRecords, 1/ 2);
disp(RMSE);

normalize.m

function n = normalize(x)

% This function normalizes the predicted output of a FIS as 4

% different clusters where parameter x is the output vector.

% assumed_prediction_classes = [1, 0.423, 0.1263, 0.8895, 0, 0.184, 0.9952];
n=x;
midl=(0.1-0)/2;
mid2=((0.3-0.1)/2)+0.1;
mid3=((0.7-0.3)/2)+0.3;
mid4 =((0.9-0.7)/2)+0.7;
% scalings = [0, mid1, 0.1, mid2, 0.3, mid3, 0.7, mid4, 0.9];
% disp(scalings);
% disp(assumed_prediction_classes );
for i =1 : length(n)
if (n(i) <= mid1)
n(i) = 0.1;
elseif (n(i) > midl && n(i) < 0.1)
n(i) = 0.1;
elseif (n(i) <= mid2 && n(i) >0.1)
n(i) = 0.1;
elseif (n(i) > mid2 && n(i) <0.3)
n(i) = 0.3;
elseif (n(i) <=mid3 && n(i) > 0.3)
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n(i) =0.3;

elseif (n(i) > mid3 && n(i) < 0.7)
n(i) = 0.7;

elseif (n(i) <= mid4 && n(i) >0.7)
n(i) =0.7;

else
n(i) = 0.9;

end

end

% disp(assumed_prediction_classes );

32



3. FINDINGS

This study is divided into three parts to make a classification model. First phase's aim is
collect and prepare the data; then the row data are filtered and functional attributes are
selected using WEKA's information gain filter. In the last phase, methods are generated.
Comprehensive analysis, sensitivity, specificity, correctness and RMSE values are given
in Table 5. The outputs of these rules indicates four distinct classes. These classes are 0.1,
0.5, 0.7 and 0.9 show the state of patient’s respectively Normal, MCI, PRAD and PosAD.

As mentioned in introduction, this research’s proposed approach is to combine ANFIS
and information gain method to predict AD and its phases. First of all, row data is filtered
WEKA’s InfoGainAttributeEval class to evaluate worth of the attributes according to
their information gain rank. As a result of the filtering age and gender attributes are ruled
out from the data set. For ANFIS, MATLAB’s Fuzzy Logic Toolbox is used to generate
fuzzy rules and advantages of using neural network structure of this fuzzy inference
system. Then selected features are applied to ANFIS to both train and test data. Total 264
records are divided into two parts: training and test data. Training data has 197

(approximately 66 %) and test data has 67 records (approximately 33 %).

To construct the fuzzy inference system (FIS), in ANFIS, Sugeno-type fuzzy model and
sub-clustering methods are used with the parameters of range of influence is 0.5, squash
factor is 1.25, accept ratio is 0.5 and rejection ratio 0.15. As seen in Figure 3.1, ANFIS
generated 5 rules and all of them help to make a connection between inputs and output.
In other words, these rules lent assistance to gain insight to predict AD's in early phases.
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Figure 3.1: User interface

rules

of MATLAB’s Fuzzy Logic Toolbox with 5 generated

5 rules that are developed by Fuzzy Logic Toolbox are written and described below.

Rule 1: [22320099 9 0] [0.1]

If Education Level = 2 and MMSE = 23 and GDS =2 and CDR =0 and CDR - SB =0
and GerDS =9 and GerDS 2nd Examine = 9 and BOMC =9 and BDRS = 0 then Output

is 0.1 which means Normal.

According to the rule this patient belongs to cluster 0.1 and determined as a Normal stated

patient. The examine results show that, especially CDR, CDR - SB and BDRS results

which are zero, make strength the idea about the patience’s state.

Rule 2: [229102552 1] [0.1]

34



If Education Level = 2 and MMSE = 29 and GDS =1 and CDR =0 and CDR - SB =2
and GerDS =5 and GerDS 2nd Examine =5 and BOMC = 2 and BDRS = 1 then Output

is 0.1 which means Normal.

Similar to Rule 1, the Output is Normal. In this rule, particularly Mini-Mental Score is
considerably enough to make the decision as a Normal state. In addition GDS and CDR

scores support the thesis.

Rule 3: [3224 17131214 4] [0,7]

If Education Level = 3 and MMSE =22 and GDS=4and CDR=1and CDR-SB =7
and GerDS = 13 and GerDS 2nd Examine = 12 and BOMC = 14 and BDRS = 4 then
Output is 0.7 which means PosAD.

Even though Mini-Mental score is barely enough to say MCI state, rest of the parameters
specifically both GerDS scores and BOMC value clearly stressed that patient state
determined as a Possible Alzheimer.

Rule 4: [3224 15151413 3] [0.7]

If Education Level = 3 and MMSE = 22 and GDS =4 and CDR =1 and CDR -SB =5
and GerDS = 15 and GerDS 2nd Examine = 14 and BOMC = 13 and BDRS = 3 then
Output is 0.7 which means PosAD.

Almost similar to previous rule; the parameters, except MMSE, support the idea of
patient’s Possible Alzheimer state. . So this rule is also support the thesis lack of

efficiency of gender about the AD.

Rule 5: [312 6 3 16 16 16 14 4] [0,9]
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If Education Level = 3 and MMSE =12 and GDS =6 and CDR =3 and CDR -SB =16
and GerDS = 16 and GerDS 2nd Examine = 16 and BOMC = 14 and BDRS = 4 then

Output is 0.9 which means PRAD.

The last rule’s output clearly shows that the patient’s state. MMSE score is considerably

below the average and both CDR and GerDS scores reached the top limit. Moreover,

BOMC and BDRS scores highly stressed the patient’s state which is Probably Alzheimer.

All of the rules and their results show that ANFIS has considerably high prediction rate

with the 97 percent. The correlation between the rules are shown in Figure 32:
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Figure 3.2: Relations between inputs, rules and output.

After the ANFIS MLP, ID3 and OneR algorithms, WEKA 3.7 tool is used and built

classification model. The data is revised to create WEKA data files ".arff". As it

mentioned before, attribute selection is used to find a minimal set of attributes.

For the other three algorithms, except gender and age, the all other attributes that preserve

the class distribution.
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As seen in Figure 3.3, MLP has a 87 percent prediction rate the algorithm can make a
correct classification. MLP’s specificity rate is 87 percent, correctness rate is 87 percent

and RMSE rate is 23 percent.

Choose  MultilayerPerceptron L 0.3 -M0.2-N500-Y0-50E20-Ha

Test options Classifier output

(") Use training set
- Time taken to build model: (.6 seconds
() Supplied test sat Set.

() Cross-validation ~ Folds 110 == Evaluation on test set ===

(®)Fercentage spit % |66 Time taken to test model on supplied test set: 0.02 seconds
More aptions...
=== Summary ===
(tom) tani-sayisal V|| Correctly Classified Instances 58 26,5672 %
Incorrectly Classified Ingtances 9 13.4328 %
Start Stop Keppa statistic 0.8207
Mean absolute error 0.077
Result list (right-dlick for options
[ 9 P ] Root mean squared error 0.2347
Relative absolute error 20,4828 %
Root relative squared error 53.2428 %
Coverage of cases {0.95 level) 95,5224 §
Mean rel. region size (0.95 level) 33.5821 §
Total Number of Instances 67

=== Detailed Accuracy By Class ==

TP Rate FP Rate Precision Recall F-Measure MCC  ROC Area PRC Area (Class

1 0 1 1 1 1 1 1 0.1

0.875 0 1 0.875  0.933 0.918 1 1 0.3

0.813 0.118 0.684 0.813  0.743 0.657 0.944 0.875 0.7

0.78% 0.083 0.833 0.789  0.811 0.739 0.939 0.836 0.9
Weighted Avg.  0.866  0.046  0.877 0.866 0.869 0.825 0.96% 0.924

£ >

Figure 3.3: Multilayer perceptron’s output summary and accuracy results

As seen in Figure 3.4, OneR has a 76 percent prediction rate the algorithm can make a
correct classification. OneR’s specificity rate is 69 percent, correctness rate is 87 percent
and RMSE rate is 23 percent.
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Choose |OneR B 6

Test options
(7) Use training set

(7) Supplied test set Set

() Cross-validation Folds |10

ge. % |66

WMare options...

(Nom) tani-sayisal

(Classifier output

Time taken to build model: 0.01 seconds

=== Evaluation on test set ===

Time taken to test model on supplied test set: 0 seconds

=== Summary ==

Correctly Classified Instances 51 76,1194 %
Start Stop Incorrectly Classified Instances 16 23,3806 %
Result list (right-click for options) Happe statistic 0.6815
Mean absolute error 0.1189
Root mean squared error 0.3249
Relative absolute error 31.6365 %
Root relative sguared error 3.7082 %

Coverage of cases (0.95 level)
Mean rel. region size (0.95 level)
Total Number of Instances

=== Detailed Accuracy By Clags =—

5.0746 %

1
g
28.3562 %
&7

TP Rate FP Rate Precision Recall F-Measure MCC  ROC Area ERC Area Class

A75 0 1 0.875  0.933 0.918 0.918 0.905 0.1
1 0.039  0.889 1 0.941 0.924 0.961 0.689 0.3
0.625  0.157  0.556 0.625 0.588 0.45  0.877 0.561 0.7
0.579  0.125  0.647 0.579  0.611 0.47  0.75 0.643 0.9
Weighted Avg. 0.761  0.082  0.767 0.761  0.761 0.681 0.871 0.743

Figure 3.4: OneR’s output summary and accuracy results

As seen in Figure 3.5, ID3 has an 87 percent prediction rate the algorithm can make a
correct classification. ID3’s specificity rate is 70 percent, correctness rate is 70 percent

and RMSE rate is 76 percent.
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Choose | 48-CD.25-M2

Test options Classifier output

(") Use tainng set

() suppliedtestset 5t ) ‘
: Time taken to build model: 0.01 seconds
() Crossvalidation  Folds 10

== Evaluztion on test et ==
(® Percentage splt % 66

More options... Time taken to test model on supplied test set: 0 seconds
= Jumary =
(Norm) tani-sayisal v
Correctly Classified Instances Bk 76,1194
Start Stop Tncorrectly Classified Inatances 1 238806 ¥
Resut st (right-click far optons) Keppa statistic 0.8815
Mean absolute error 0.1189
Root mean squared error 0.3244
Relative absolute error 31,6365 §
Root relative aguared error 737082 §
Coverage of cases (0.95 level) 85,0746 &
Mean rel. region size (0.95 level) 283582 ¢
Total Number of Instances &7

== Detailed Accuracy By Class =

TP Rate PP Rate Precision Recall [P-Measure MCC  ROC Area PRC Area Class
0875 0 1 0875 0.933 0,918 098 0.903 0.1
1 0,039 0.889 1 0,941 0,924 0.9  0.889 0.3
0.625 0157  0.53 0.625 0.588 0.45 0817 0561 07
0.579 0125 0.647 0579 0.611 0,47 0.75 0.643 0.9
Weighted Avg.  0.761  0.082  0.767 0761 0.781 0.681 0.871 0,745

Figure 3.5: ID3’s output summary and accuracy results

As shown in Table 3.1, the other two algorithm ID3 and OneR have prediction rates much
less than ANFIS. With 96 percent correctness rate ANFIS has a highly accurate to predict
AD and its phases. Table X shows the prediction rate comparison between the algorithms.

Table 3.1: Prediction rate comparison of the algorithms

Method name  Sensitivity Specificity Correctness RMSE
ANFIS 0.97 0.96 0.96 0.06
MLP 0.82 0.82 0.87 0.23
OneR 0.69 0.69 0.76 0.32
ID3 0.70 0.70 0.76 0.33
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4. CONCLUSION

In this study 264 different number of subjects’ record are analyzed according to 11
attributes. Filtering results show that, gender and age’s effects are not enough to take into
consideration for AD in late —onset subjects. According to the results of the study, ANFIS
Is more accurate and reliable way to make a classification. Benchmarking results also
support that ANFIS model developed classifies of subjects with a highly reasonable rates.
In addition, all of the comparison criteria which are sensitivity, specificity, correctness,
RMSE have higher acceptable rates when the comparison with the other algorithms. As
a further studies and better results, number of subjects' records will be augmented, so
algorithms can acquire different experiences from variety of subjects. By the same token,
increment of number of records can give more accurate outcome and deeply question

analysis of the neuropsychological tests can give elaborate results.
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APPENDIX-1, MMSE

APPENDICES

MINI MENTAL DURUM MUAYENESI

( MMSE )
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Adi Soyadi : Tk .. % soses i e
Hasta Yakini : Prot.
1- Bellek kusuruna'iliskin yakinma yok

APPENDIX-2, GDS

GLOBAL BOZULMA OLCEGI ( GDS)

Klinik goriisme ile bellek kusuru saptanmiyor.

Bellek kusuruna ait, 6zellikle agagida siralanan alanlarda yakinmalar var:
a) Egyalarni koydudu yerleri unutuyor,

b) Onceden iyi bildigi isimleri unutuyor.

Klinik gériismede bellek kusuruna ait normal bir kanit yok

Is ve toplumsal ortamlarda nesnel bir bozukluk yok.

Semptomatolojiye yonelik uygun dlizeyde endise tasiyor.

En erken gosterilebilir bozukiuk bulgulari.:

Asadidaki alanlarda birden fazla bulgu :

a) lyi bilmedigi cevrelere gittiginde kayboluyor.

b) Is arkadaglari, hastanin bozulmaya yiiz tutan galisma performansinin farkindalar
¢) Kelime ve isim bulma gtigliikleri yakinlari tarafindan fark ediliyor.

d) Bir kitap ya da yaziyi okudugunda eskisi gibi hatirinda kalmiyor.

e) Yeni tanistig insanlarin isimlerini hatirlamakta gugligi var

f) Degerli bir nesne kaybedilmis ya da konulmamasi gereken bir yere konmus.

g) Konsantrasyon eksikligi kiinik testler sirasinda asikar.

Bellek bozukluguna iliskin, ancak yodun bir gériismeden sonra ortaya konulabilen normal bulgular
Udrasi gerektiren is kosullari ya da toplumsal ortamlarda diisiik performans.
Hastada inkar mekanizmasi belirgin hale gelir olmus.

Belirtilen ihmli ya da orta diizeyde bir anksiyete eglik edebilir.

Dikkatli bir klinik goriisme sonrasinda ortaya konulan asikar bozukluk bulgular
Bozukluk asagidaki alanlarda ortaya konuyor :

a) Gunlik ve yakin gegmise ait olaylara iligkin bilgide azalma

b) Kisisel gegmise ait bazi bellek problemleri.

c) Cikarma dizileriyle ortaya konulan konsantrasyon bozuklugu

d) Yolculuk yapma, para igleriyle ugrasma gibi yeteneklerde azalma
Asadidaki alanlar genellikle sorunsuz

a) Yer ve zaman oryantasyonu

b) Bildik kisi ve ylizlerin taninmasi

c) Bilinen yerlere yolculuk yapabilme.

Karmagik iglevlerin yerine getirilemez olmasi

Baskin savunma mekanizmasi olarak inkar kullaniliyor.
Duygulanimda kiintlesme ve sikinti yaratan durumlardan kaginma.

Yagamlarini siirdiirebilmeleri igin yardim gerelamektedi.

Hasta giincel yagamina iligkin temel &zelliklerden birini hatirlayamiyor. Ornegin:

a) Yillardir kullanmakta oldugu adres ya da telefon numarasini.

b) Yakin aile tyelerinin isimlerini (torunlar gibi)

c) Mezun oldudu lise ya da ytiksek okulun adini.

Zaman (gin, haftanin giinii, mevsim, v.b.) ya da oryantasyonunda bozulmalar
Egitimli bir kisi, 40'tan geriye 4'er, ya da 20'den geriye 2'ser saymakta guiliik gekebilir.
Bu evredeki kisiler kendilerine ve digerlerine ait temel gergeklere ait bilgiyi korurlar.
Kendi isimlerini daima, es ve gocklarininkileri genellikle bilirler.

Temizlenmek ve yemek yemekte yardim gerekmez, ancak uygun giysiyi segmekte gugliikleri olabilir.

Bazen, yasamlarlnl sijrdt']rniek igin tUmUyle bagumh olu’uklarl eslerinin ismini unutaBuhrler
Cevreye iligkin bazi bllgnler korunabilir, yil , mevsim, v.b.

10'dan geriye, bazen de ileriye dogru 1'er saymakta gugliikleri olabilir.

Gunlik yagsam aktivitelerinde yardim gerekir.
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a) Idrar inkontinansi olabilir.

b) Yolculuk igin yardim gerekir, fakat bazen bildik yerlere gidebilirler.

Diurnal ritm siklikla bozulmustur.

Hemen daima kendi isimlerini hatirlarlar

Genellikle, gevrelerindeki tanidik kisileri yabancilardan ayirabilirler. '

Kisilik ve emosyon degisiklikleri goriliir, Bunlar oldukga degiskendir ve sunlari igerir: 3

a) Hezeyan davranig, 6rn., eglerini taklit olmakla suclayabilirler; cevredeki hayali kisilerle, ya da aynadaki
kendi imgeleriyle konusabilirler. :

b) Obsesif belirtiler olabilir, 6rn., hasta siirekli olarak basit bir temizlik hareketini tekrarlayabilir.

C) Anksiyete belirtileri, ajitasyon ve daha 6nce mevcut olmayan tarzda bir saldirganlik gériilebilir.

d) Kongitif abuli, 6rn., amaca yonelik bir davranigin -uygulanmasi igin gerekil diisiincenin yeterli siire
taginamamasi nedeniyle irade giiciiniin kaybi.

Bu evre siiresinde tiim verbal yetenekler kaybedilir.

Bu evrenin erken doneminde bazi kelime ve ciimleler sGylenebilsede konusma son derece sinirlanmistir.
Evrenin ilerlemesiyle, homurdanmak disinda, konusma timuyle vyitirilir. S

Idrar inkontinansi ve yemek yemek igin yardim gerekir.

Temel psikomotor yetenekler (6rn. yiiriimek) evrenin ilerlemesiyle kaybedilir.

Beyin bedene ne yapmasi gerektigini sdyleme yetenegini artik yitirmis gibidir.

Genel ve kortikal norolojik bulgu ve belirtiler bu evrede genellikle mevcuttur.
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KLINIK DEMANS EVRELEME OLCEGI ( CDR)

Adi Soyadi
Hasta Yakini :
1. Bellek : )

0- Bellek kaybi yok yada hafif ve belirsiz
unutkanhk

0.5 Hafif fakat agikar unutkanik; olaylarin
kismen hatirlanabilmesi; "selim"
unutkanhk ?

1- Orta duzeyde unutkanhk, yakin donem
olaylan igin daha belirgin; unutkanhk
gunlik aktiviteleri etkiliyor.

2- Adir diizeyde unutkanhk; yalmzca cok- iyi
o6grenilmis  materyal  tutulabilir;  yeni
materyal hizla yitirilir.

3- Agr dizeyde unutkanlik;  yalnizca

pargaciklar kalir

2. Oryantasyon

0-

0.5

3-

Timiiyle oryante

Zaman iligkilerinde hafif giiglik disinda
timdyle oryante

Zaman iligkilerinde orta derecede guigliik;
muayenede mekana oryante; digarida
cografi disoryantasyonu olabilir

Zaman iliskilerinde adir dizeyde gugliik;
genellikle zamana, . siklikla da mekana
disoryante

Yalmizca kigilere oryante

3. Yargilama ve Problem Cozme

0-

0.5-

Gunlik problemler ve galigma hayati ve
mali islerle ilgili problemleri iyi gozer

Problem ¢dzme, benzerlik ve farkhliklari
kavramakta hafif bozukluk

Problem ¢ozmek, benzerlik ve farkhliklari
halletmekte orta diizeyde bozukluk;
toplumsal yargilama genellikle kounmustLr.
Problem ¢dzmek, benzerlik ve farkhhiklar

halletmekte agwr diizeyde bozukluk;
genellikle toplumsal yargilama da boaddir.

Yargilama ve problem ¢ozme tiimiiyle
bozuk.
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Tarih
Prot.

4. Ev Disinda islevsellik

0-

0.5-

Isin, allsvefisin, génilli  gruplar  ve
toplumsal gruplar iginde her zamanki
diizeyde bagimsiz islevsellik

Anilan aktivitelerde hafif bozulma

Anilan  aktivitelerden . bazilarini  halen
sirdirse de, bagimsiz islev gérememe;
yuzeysel bir bakisla hala normal
gorunebilir.

Ev disinda bagimsizigini timuyle yitirmis
/ Ev disinda aktivitelere gétirilebilecek
kadar iyi gorundir.

Ev disinda bagimsizhdini timdyle yitirmis
/ Ev diginda aktivitelere gotiiriilemeyecek
kadar hasta gorunr.

5. Ev Yasami ve Hobiler

0-

0.5~

3-

Ev yasami, hobiler ve entellektiel ilgiler
iyi korunmug

Ev yasami, hobiler ve entellektiel
ilgilerde hafif bozulma

Evdeki islevlerde hafif fakat asikar
bozulma; giig ev isleri, karmagik hobiler
ve ilgiler fark edilmis durumda

Yalnizca basit igler yapabiliyor; ilgiler son
derece sinirh

Evde kayda deger bir islevselligi yok

6. Kisisel Bakim

0-

1-

2-

3-

Kendine bakima tiimiyle muktedir
Gayrete getirilmesi gerekiyor

Giyinme, hijyen ve dider kisisel bakim igin
yardim gerekiyor

Kigisel bakim igin 6nemli Glgiide yardim
gerekir, genellikle enkontinandir.

0O

0O

O

O

O
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EVRELEME

Eger en az U kategorinin puani, bellek kategorisi Uistiinde ya da altinda degilse, evre bellek puaniyla
aynidir, boyle bir durumda ise, evre o (ig kategorinin puaniyla anidir. Bunun tek istisnasi olarak, (ic kategorinin
puani, bellek puaninin bir tarafinda, diger iki kategorininki ise diger tarafinda ise evre bellek puanidir. Bellek puan
0.5 ise evre 0 olamaz, diger kategonlerm puanina bagh oIarak 0.5 ya da 1 olmahdir. Bellek puani 0, fakat en az iki

kategori 1 ya da daha fazla ise evre 0.5 olmalidir.

CDR EVRELEMESI iCIN GEREKLiI SORULAR

HASTA YAKINI SORULARI

i- BELLEK

¢ Hastanin bellegiyle ilgili sorunlar var ml? Varsa
stirekli mi? Ginlik yagsamini etkiliyor mu? Gegen vyil
icinde kotilesti mi? Ornek verin.

¢ Kisa bir aligverig listesini hatirlayabilir mi?

Kisa siire 6nce olanlari hatirlayabiliyor mu?

¢ Uzak gegmise ait olanlara ne dersiniz (dogum
gunleri, yil  ddéntmleri, galistigi yerler, eski
arkadaslar gibi)?

¢ Olaylarin ayritrilarini hatirlayabiliyor mu?

¢ Gegen hafta ya da ay iginde her zamankinden farkli
bir sey yapti ya da yasadi mi? Bana biraz ayrint
verirseniz, ne kadar hatirladigini ona soracagim.

¢ Nerde dogdu? Dogum giinii nedir?

¢ Ilkokula nerde gitti? Okulunun adi nedir?

*

2- ORYANTASYON

¢ Mahalle iginde ya da daha uzak gevrede yolunu
bulabiliyor mu?

¢ Evde odalan karigtirdigi oluyor mu?

¢ Gunin tarihinden haberdar midir?

3- YARGILAMA ve PROBLEM COZME

¢ Para gekip gevirebiliyor mu?

¢ Evde basit tamirat yapabiliyor mu?

¢  Evde acil durum olsa basa gikabilir miydi?

¢ Sosyal ortamda uygunsuz davrandigi oluyor mu?

4- EV DISINDA ISLEVSELLIK

¢ Son calistigi is neydi?

¢ Neden emekli oldu?

¢ Ev diginda araba kullanmak, dostlarla gériismek,
aligveris gibi bir aktivitede bulunuyor mu?

5- EV YASAMI VE HOBILER

¢ + Merakl oldugu seylere ilgisi siiriiyor mu? Orn. mutfak
isleri, dikis-nakis, bahge isleri gibi.

¢ Halen yapabildigi neler var?

6- KISISEL BAKIM

¢ Gunlik yagamda kendine bakmaya muktedir mi?

# Bazi seyler igin uyariimasi gerekiyor mu?

¢ Giyinme, ykanma ve kisisel bakimda yardim
gerekiyor mu?
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HASTAYA SORULAR

1- BELLEK

¢ Bana gegen hafta ya da ay icinde yaptiginiz ya da
yasadiginiz her zamankinden farkl bir olayl anlatir
misiniz (Kimler vardi, hangi nedenle gibi)?

Son olarak nerde galigiyordunuz?

Neden emekli oldunuz?

Ilkokula nerde gittiniz? Adi neydi?

Nerde biiytdintz?

Dogum yeriniz ve tarihini sdyler misiniz?

Yatak bagi bellek testleri kullanabilirsiniz.

2- ORYANTASYORN
¢  MMSE oryantasyon sorularini kullanin

3- YARGILAMA ve PROBLEM GOZME

Size simdi iki ayri seyin arasinda ne ortak 6zellik oldugunu
soracagim. Ornegin, bir agag bir cicek, her ikisi de
bitkidir.

Elma ile portakal 2rasinda ne ortak 6zellik vardir?
Masa ile sandalye arasinda ne ortak 6zellik vardir?
Resim ile mizik arasinda ne ortak 6zellik vardir?
Yakin bir arkadasinizin yasadigini bildiginiz sizin icin
yabanci bir sehre gitseniz ne yapardiniz?

¢ Tanesi 75 bin liradan (g bilet aldiniz. 250 bin lira
verdiniz. 250 bin lira verdiniz. Ne kadar para (st
alirsiniz?



APPENDIX-4, GerDS

GERIYATIK DEPRESYON OLCEGI

( Hasta Gorugmesi ile )

Adi Soyadi ) ' Tarih

Hasta Yakini : ) - Prot.

Son bir hafta iginde kendinizi nasil hissettiniz? Asagidaki sorulari buna gére cevaplayin.

PUAN :

EVET

HAYIR

Genel olarak hayatinizdan memnun musunuz ?

Gunlik ugrasi ve ilgilerinizin blytik bolimini terkettiniz mi ?

Yagantinizin bos oldugunu distintiyor musunuz ?

Sikilyor musunuz?

Gelecekten umutlu musunuz ?

Kafanizdan uzaklagtiramadiginiz diiglinceler nedeniyle endiseli misiniz?

Ruh haliniz genelde iyi mi?

Basiniza kétti bir sey geleceginden endise ediyor musunuz?

o oS el I 2 - o

Kendinizi genelde mutlu hissediyor musunuz ?

._.
=

Kendinizi sik sik garesiz hissediyor musunuz?

—
[

Kendinizi sik sik huzursuz ve yerinde duramaz hissediyor musunuz?

e
NIk

Disartya ¢ikip yeni bir seyler yapmak yerine, evde oturmayi mi tercih ediyorsunuz ?

,_.
ol

Sik sik gelecekten kaygr duyuyor musunuz?

._.
»

Hafiza ile ilgili sorunlarinizin gogu kisiden daha fazla oldugunu diistinilyor musunuz?

—
K

Su anda hayatta olmanin harika bir sey oldugunu distiniiyor musunuz?

.,_.
@

Kendinizi sik sik kederli ve hiiztinli hissediyor musunuz?

H
b

Kendinizi degersiz hissediyor musunuz?

._.
®

Gegmig Uzerine gok mu kaygilaniyor sunuz?

H
©

Hayati heyecan verici buluyor musunuz?

)
e

Yeni tasarilara baglamak sizin igin giic midtr?

N
—

Kendinizi enerji dolu hissediyor musunuz?

N
N

Durumunuzu Umitsiz gériiyor musunuz?

N
@y

Codu kisinin sizden daha iyi durumda olduklarini diigiiniiyor musunuz?

N
A

Klgtik seyler sizi kolaylikla kistiirtyor mu?

N
(6,

Sik stk aglama hissi duyuyor musunuz?

)
o &

Konsantre olmakta giigliik gekiyor musunuz?

N
N

Sabahlari uyanmaktan zevk aliyor musunuz?

N
B 3

Insanlarla birlikte olmaktan kagiyor musunuz?

N
0

Karar vermekte giigliik gekiyor musunuz?

w
S

Zihniniz eski berrakhdginda mi?

O0ooooooooooooooooooogoaooaooooo

Ooogooogoooooooogoooogoooogooooooooo
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BLESSED KISA ORYANTASYON - BELLEK KONSANTRASYON TESTI

( Her yanhga 1 puan verin )

Adi Soyadh : Prot.: Tarih ! ceeeee ) (TS —
MADDELER Hasta Puan Adirlik

1. Hangi yildayiz ? Lo, et X 4 .
2. Hangi aydayiz ? 1, 5555 55 5w ommermmens X 3 S e 45 A SRR R

Soyleyecedim adresi aklinizda tutun :

Emine Keskin
Firin sok. No.: 42

Bartin
3. Su anda saat yaklasik kactir? (1 saat icinde) 1o, X 3 T e,
4. Yirmiden geriye dogru birer birer sayin 2 S X 2 S ST e o e
5. Aylan geriye dogru sayin 2 s X 2 = s e
6. Daha 6nce sdyledigim adresi tekrarlayin 5 i X 2 e
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APPENDIX-6, BDRS

@)
=N

BLESSED DEMANS DERECELENDIRME OLCE
- ( BDRS - CERAD Versiyonu )

Hasta Adi Soyadh : Tarih ¥ sonanati /
Hasta Yakini 8 ' Degerlendiren

Bellek ve Giinliik Aktivitelerde Performans Alt Skor :

YETENEK Kayip

Ev isleriyle ugrasma yetenegi

Para gekip cevirebilme yetenegi 0 Yok

Kisa bir malzeme listesini hatiriarna yetenegdi (6rn. aligverig listesi)

Evde yolunu bulma yetenegi (kendi evi veya diger tanidik mekanlar) 0.5 Hafif

Sokakta bildik mekanlarda yonuni bulma yetenegi

Olaylar veya agiklamalari kavrayabilme yetenegi 1 Agir

Yakin gegmise ait olaylari hatirlayabilme yetenegi

Sof N1 " O] By o B

Gegmiste yasama egilimi

Ahgkanhkiar Alt Skor

ALISKANLIK GEREKLI YARDIM DUZEYi

9. | Yemek Yeme

Yardimsiz yemek yiyebiliyor
Biraz yardimla yemek yiyebiliyor
Yemekte oldukga yardim gerekiyor

W N = O

Yedirilmesi gerekiyor

10. | Giyinme

0 | Yardimsiz
1 | Bazen diigmeleri karigtirabiliyor. Vb. biraz yardim gerekiyor
2 | Yanlhs sirayla giyiniyor bazi giysileri unutabiliyor oldukga yardim gerekiyor
3 | Giydirilmesi gerekiyor
11. | Tuvalet
0 | Temiz kalabiliyor, tuvalet sorunsuz
1 | Seyrek inkontinans veya hatirlatiimasi gerekiyor
2 | Sik inkontinans veya oldukga yardim gerekiyor
3 | Sfinkter kontrolii yok

Toplam BDRS Skoru :
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