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ABSTRACT

The objective of this project is to develop an
application that integrates Al, machine learning
and cloud computing technologies to reduce the
user’s chances of suffering from Alzheimer’s
disease in the future. The expectations regarding
the application include that it can collect data
about the most common risk factors in Alzheimer
patients such as education level, hormonal and
nutritional levels and lifestyle habits (smoking,
sedentary lifestyle, alcohol, etc.) to prevent
Alzheimer. Itis also expected that it can determine
the level of danger and the main risk factors that
the user should be aware of. This software will
keep running in cloud computing to ensure that
it is always synchronized with the databases
containing the factors described above, such as
MEDLINE, PubMed, AlzForum (ALZRISK) and
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ADNI. The latter collects different data sources
such as AIBL and DoD-ADNI.

It was found that the main risk factors that
increase the probability of suffering the disease
are: being overweight with a maximum value
of 0.5 p-value when the diet followed is not
balanced. A value of 0.3 p-value indicates that
the diet is not followed. A deficit in physical
activity is related to a p-value of 0.11. The years
of formal studies also contribute by a significant
value of 0.008 when said years are between 0
and 5. Stress from work can contribute with a
maximum value of 0.006.

KEY-WORDS:

p-value, Alzheimer, risk factors, scrum, artificial
intelligent, machine learning, dataset

RESUMEN

El objetivo de este articulo es desarrollar
una aplicacion que integre tecnologias
" de inteligencia artificial, aprendizaje
automadtico y computacion en la nube
para reducir las posibilidades del usuario
de padecer la enfermedad de Alzheimer
en el futuro. Entre las expectativas con
respecto a la aplicacion se encuentra que
pueda recopilar datos sobre los factores
de riesgo mas comunes en los pacientes
de Alzheimer como el nivel educativo, los
niveles hormonales y nutricionales y los
habitos de vida (tabaquismo, sedentarismo,
alcohol, etc.) para prevenir el Alzheimer.
También se espera que pueda determinar
el nivel de peligro y los principales factores
de riesgo que el usuario debe conocer.
Este software seguira ejecutandose en la
computacion en la nube para garantizar que
siempre esté sincronizado con las bases de
datos que contienen los factores descritos
anteriormente, como MEDLINE, PubMed,
AlzForum (ALZRISK) y ADNI. Este ultimo
recopila diferentes fuentes de datos como
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AIBL y DoD-ADNI.
PALABRAS CLAVE:

Alzheimer, factores de riesgo, scrum, inteligencia
artificial, aprendizaje automatico, conjunto de
datos

. INTRODUCTION

Izheimer’s disease is the most common

form of dementia. It is estimated that every
66 seconds someone in the United States
develops said disease and it is forecast that by
year 2020 close to 14 million Americans could
suffer from it [1].

Alzheimer begins slowly, affecting thought,
memory and language. Over time, the symptoms
worsen so it is urgent that people become aware
of this disease and incorporate activities to their
lifestyle for preventive reasons.

There are many factors that lead to Alzheimer’s,
from genetic factors (hereditary) [6] up to low
nutritional levels [7] and even anxiety levels or
sleep deprivation [9].

The following projects will be used as a reference:

» Detecting Alzheimer’s disease on a Small
Dataset: A Knowledge Transfer Perspective
[10] uses a small population of people and tries
to detect people with Alzheimer’s through an
algorithm.

* Deep Learning Framework for Alzheimer’s
Disease Diagnosis [11], which uses neural
networks and Deep Learning algorithms
to diagnose the disease through magnetic
resonance imagery (MRI).

Il. RELATED WORK

A. Factors associated with quality of life in
patients with Alzheimer’s disease. [2]
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The purpose of this project is to find factors
that affect the life of Alzheimer patients. It was
concluded that several combinations of drugs
led to depression, anxiety and troubles sleeping.

No information will be taken from this work.

B. The role of sleep deprivation and circadian
rhythm disruption as risk factors of Alzheimer’s
disease [3]

This project looks for evidence that suggests that
sleep deprivation and irregular cardiac rhythms
increase the risk of suffering Alzheimer. It also
delivers new data on the matter.

No information will be taken from this work.

C. Increased Alzheimer’s
menopause transition [4]

risk during the

Two thirds of people who suffer from Alzheimer
are women. This work studies the relationship
between the different stages of menopause and
" the risk of developing the disease.

No information will be taken from this work.

D. Alzheimer’s disease: nutritional status and
cognitive aspects associated with disease
severity [5]

This project studies various patients with
Alzheimer and gathers the data concluding that,
as the disease progresses, patients will exhibit a
malnutrition and a more severe cognitive decay.

No information will be taken from this work.

E. Prevalence of variants of the apolipoprotein
gen E (APOE) in adults in the urban area of
Medellin (Antioquia) [6].

The purpose of this project consisted on finding
the frequencies of the gen causing the disease
in the population of Medellin, by considering
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data such as age, school years, gender and
socioeconomic strata.

Demographic  characteristics and clinical
background of the population from low and
middle-level income of the city of Medellin are
taken.

F. Factors linked to cognitive decay in population
under 65 years old: A systematic review [7]

The Purpose of this article is to determine the
factors linked to the development of diseases
such as age, socioeconomic strata, overweight,
diabetes, educational level, among others.

The risk of bias in individual studies as well
as evidence of social and economic factors in
people under 65 years are taken.

G. Cholesterol, APOE genotype, and Alzheimer
disease [8]

In this project, the relation of developing the
disease with the level of cholesterol and other
lipids and the APOE genotype are examined.

Different conclusions can be found in the article
discussion.

H. Midlife Work-Related Stress Increases
Dementia Risk in Later Life: The CAIDE 30-Year
Study [9]

This project researches the relation between
work-induced stress in a middle-aged person
and the long-term development of dementia and
Alzheimer.

The results of the analysis of the population,
their sociodemographic characteristics, the
relationship between work-induced stress and
the subsequent development of dementia are
taken.
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lll. METHODOLOGY

This project is developed in the agile SCRUM
software tool. It is initially proposed to develop
the software within 6 cycles (Sprint):

1. Research: The data to be used must be
validated and the different sources of databases
must be selected. Articles must be added or
suppressed to determine the basic requirements
of the app.

2. Planning: Different schemes to satisfy
the requirements, the databases, languages to
be used, platforms and the type of end user of
the application.

3. Design: The screen browsed by the user
are defined.
4, Production: The software prototype is

created and released for testing.

. 5. Feedback: After testing, the failures are
detected and corrected.

6. Deployment: The final version of the
software is delivered with the corrected failures.

The preferred databases to use are:
* AlzForum

A website that gathers all the information related
with Alzheimer, papers, diagnoses and treatment.
Additionally, there are different databases that
can be accessed freely.

AlzForum
databases:

is comprised of the following

-AlzBiomarker, captures two decades of research
data on biomarkers linked to the disease.

-AlzGene, is a collection of studies on the genes
causing the disease.

-AlzPedia: Is a quick reference tool that provides
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different terms related with the disease.

-AlzRisk: This database includes the studies that
consider different risk factors (lifestyle habits and
protein deficit) related with Alzheimer patients.

* ADNI - Alzheimer’s Disease Neuroimaging
Initiative

It is a collection of studies related with the
disease whose purpose is to detect Alzheimer
during its early stages and the follow-up of the
disease in patients.

- Dataset

A dataset prototype with 50 rows and 9 columns
is created that contains the data of 50 people
including age, years of education, socioeconomic
strata, work-related stress, smoking in a scale
from 1 to 5, drinking alcohol in three levels (does
not drink = 1, moderated drinker = 2, extreme
3). Physical activity measured in
miles / day and whether a Mediterranean diet is
followed.

drinker =

agr ot udat i cal By i e oot el ololda
15,501 210 o 0.3
1945303 15 08.1
12502, 0.2 X 08
26351333050
2004 4. 1.2 4 080
728530335151
23,40 4,1, 5 3 14,1
META LTI 160
25, 3.4 L EL3 TR 16,1
66,1 30,0 24 T3
22,210,112 1% 3,1

P T L e B
22,3 A K3 1 0Aa0
.54 3,13 0060
33b.8 5, 1.3 ¥ 150
oL od Y 40T 361

S AL LI 0G0

Source: Authors
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ALGORITHMS

The prediction algorithm is adapted using artificial
intelligence and machine learning through

Data correlation is measured.

Python libraries. The algorithm is specialized in Ny e )
predicting values with some correlation with the . )
S T
current dataset. It is taken from DataQuest [12]. yrarsedocation (P
wigaltl 8. 323693
SELECTION OF THREE MAXIMUM VALUES i it
IN AN ARRAY. alcoholdrinker  -B.952030
welght B850
activity 0. pRETTD
Furthermore, the ‘Find the largest three elements Lt 8939345
T FEEFA&OIC &Y 1O, AT yhHe FlaaTid

in an array’algorithm is integrated in order to find
the three largest values in an array taken from
GeeksforGeeks [13].

Source: Authors

data.corrd 1] TAct Rt |
IV. DEVELOPMENT [ age 0. 850661
This implementation reads the data within ;--;;ud:---:-'r iar : .=I.*-;-!-e||*
WEdLTN - 2915
a previously built dataset and receives user e O BN1454
information as inputs by keyboard. If the data ek &.gaa4Ea
.. . alcohaldrincer -5, 185174
indicated by the user are found in the program A ' "1 ik
weipght -, 1916
predictions, the user is alerted with a given risk ctivity i, @E8008
percentage of suffering the disease. iy ot
: Hame: activity, dtype: floated
data.corr )] "diet
Irsdan e, 'plEEwESetitles”, “ssalth’ | CELe famgdpr " alishaldrinerc’ l:"' ARE $.0qie0a
3 slgha . “wctivity', “diat Fegrsadicat Lor -, 33T T45
Sl wealth 9.13235%8
stress i, ha86S
Source: Authors EC ke . 013594
alechaldrincer @, 153108
L . i ), 023018
- The data.csv file is loaded that contains i H I
ACTIVITY @, 4939140
the dataset to be used. diat 1, (ERI000

Hame; diet, diype; ftloatéd

L T e T |
Source: Authors
C= age 1. B3
yearseducation B. 385874
wealth B 2D50E
atress SRR b
FEgigr - 0GR
alccholdrinker B.BIERTE
Wi lght B. 235188
acEAVIEY B.BS30EL
diet BB I6E5

Yars! age, ditype! floatsd

Source: Authors
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[ ] #& Get all the colusns from the dataframe.
columns = data.columns.tolist()

8 Store the variable we'll be predicting on.

target = “age®

target: = “yearseducation”
targetd = “wealth®

targetd = "stress”

targets = "smoker”

targete = "alcoholdrinker™
target? = “weight®

targets = “activity®
targets = “diet”

Source: Authors

- The column titles of the dataset are loaded
and different variables are allocated to be
subsequently used in the predictions of
their respective values.

® Imeort @ covvenieace fusction 15
from wklesre import sodel selectior

plll the seis

# - Gecsrate the tralning wet. Set randos state to be sle o
traln = data. caspis{fraces &, ranta itat #nl])

B Ll depilargy aal tin Lhe 1F bl el g1 A 18e Leiliag wls
et = ARkE ]rl:r AT, Lrdar, ..1|nll'r1"n irdea ] |
# Print s shapes of Soie 15,

priagtraln. :l'n.:-:-|'|

ETET RE S T

Source: Authors

- The datasets are created to train the program
so it can predict values.

& Tmper-l Lhe I Imvizare ERrEss . 0n mardarl .
from sklearn, linesr model isport LinedrBegressic

® Initialize the model class
moidel = LinearRegressiond)
modald = Ll'lnar?h:gren:in-n{:l
mothtl3 = Lingarfegression |:
modeld - Linearfogression |

modals = Linsarfegrestion] )
nxdalEs = Linaarkeagrassion] |
modi ]} = Linsargegrecdion|)
mdialf = Linsargegression)
nodnls = Linpargegression] )

® Fitl the model to the training dala.

model  Fit(krain]colwmns], tralmftarget])
model 2, Fit{train) columns |, train|targetz])
model 3. Fit{trainf coluans |, train|target?
modala, 'Flt.{‘tr-!:l.n:'c-ﬂl.unm v train|targetd
moiels, Fl.tlftl"‘ll*!' coluans |, train[targets
models. Fit{train columns |, train targeté
moditl 7, F ity train] columns |, train|target?
model® Fit{train columns |, train|targets
modalS, Fit{train] columns |, train] targets

[

Source: Authors

- 9 models are generated, one for each
column. Alinear regression is carried out for
BOLETIN
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each model and the information is organized
so it matches the data used for training.

The solibE-learm function §
R N ] . Iq'\-H-r

e o

T
ndl = meslsli, '\-ﬂlflr'l’l-ll'l.'l'rrul.rm-.

HLCU RS = madeld. sredior(vestical |.r-'l||:.|'\I
T e g TEYT pEediet
nqr_hu'.rr]_-lrrv:mrdl:'.l.mk. !lp'.il.lr“‘._“

Lo 35 TR0 LA e - 52

Source: Authors

- The data predictions are generated for each
column as well as the error, which has an order
of 102, making it fairly low.

printi “Prediccionss pars eded™)
print (p-rr-dln:ll.'-~.|

Predlerlesnsi pard odad
[18. #3. ¥%. 3%, 38, 27, 5%, Bh, 6. 34.]

print{ " Prediccinnes porsd Aoe e smlureion ]

print{predictions})

Predicr icss parad aftos df cducac ion
I & i e T I e H o WMo M. ]

prantl Predicc ioney . para sstrato )
print{predicticoss)
[#a %e 42 & Be Fe Ko &, 14 14

frr Bt [ "Rl e noven para nwe] de @ Die el e  onaedo

farEnti pradicriansd)

Prediol fomes para nlvel e Sslros-ielsl joseda con 2l trabajo
[ 3. 3.3 &, 4, 4,2, 4. L)

Source: Authors

- The values are predicted for each risk

factor.

suss &Gl ™ i i | Lama? "]

peer sl decakineg = *loxt] impurt] " jlusrron ahos =a |l-l1-.-'|1l'|" =1}

wddleh = Flast | ingut] "titrato dezlseionomlen di 108 =71}

gtrags ® Flostt omputd "Hival ‘de efbrag & s [rahis F .'.. -5 ]
macipr = Flostiomerid " jln mumader P Lij L] /R=lF) =

pleshaldeiahsr = Tlhaap] inputd"nivel de EhR i l1 skl Al s)F ECadanl b E
aight = Ploat{input [ Leciny da pato’ sE@en w =1

sckiviiy & Flast{ingut [“Hive] fe sctividsd Fleica diarin &= B8 2 2.8

dier = Flasrilrgue{"gilipe wne fleve medleerraseat 5000kl & "))
Source: Authors

- The user data is loaded by keyboard.
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fer = in predictionsd: Source: Authors
if(roend(x) == yearsfducation snd yearsEducation »=d
pealusiount == 0008 - The testing values are entered in the
break
eliFl [l':h.-ldl:xll mm eArkEdueatioh And yeariEducEt ian SOﬂware-

pivaleklount &= @, M0
bhraak
elif [{rocund{x) == yearsfducation and yearsfducation

pvalue para aibos de educacion:  @.06d

s sl cint =x O SF
break pvalue para estrato: B . ey
walorEgtd » pwalueownt pvalue para $tress-trabafo: [+ = 1]

print ("pwalue para afos de educacion: ©,pvaluefount pyalue para variable de fumador: e}
pvalue para bebedores de alcohol: @.966
pvalud pard masa corporal (pesofBMI): 6,881

Source: Authors pvalue para actividad tisica: .23
pvalue para dieta-mediterranea: @.063
Los factores de riesgo mas altes son Alcohol: @066
Dieta mediterranda: o.863 Actividad Fisica: 9.03
Porcentaje total de sutrir la enterssdsd basado
- The p-values are computed for different risk &n las factores de riesgo: 17,57

factors and added in a cumulative manner.
Source: Authors
def printilargesti{arr, arr sizel:
T e 1 e ek e e - The results are printed and the user is informed
¥ of the percentage of suffering the disease and

if {@rr size € 3):
: i the highest-ranking risk factors.
print{™ Envalid Enput ")
et U

third = first = fédond = -fyi.maxiize V. Discussion of results

[ FOR 130 SRl BT e ElTe )2 A. Prevalence of variants in the apolipoprotein
E A ENTTARE AR AN, BN E (APOE) in adults of the urban area of Medellin
if {arcfi] » first): (Antioquia) [6].

third = second
sicend = firit

Fiest: s el ] ot = Results: A total of 694 individuals were analyzed

AR T S L e e with a high rejection frequency of the disease in
elif {arr[i] * second): the socioeconomic strata 4 (middle), 5 (middle-
third = second high) and 6 (high).
Fadond = gl ] euxd = §

wlkif {.trl-':i] » Ehaieddl:
third = are[i);aumd = i

Source: Authors

- The highest p-values are chosen as well as
the risk factors to inform the user.

JComo se Llama’ Sombra

JCuantoes aios ha estudiado? &

Eitrate socioeconoaicd de 1-& :4

Hivwel de @itres en su trabaje de 1-5 5 4

JEs fumador? Si{1)/sola) @ @

Hiwel de consumo de alcohal L{nule)/Z2{Caswal}/3{Extrems)3
20 indice de peso segun BMI- 22

miwel de actividad fislca diario de @.0 8 2.8 1.9
J5igue una dista mediterranga? Sif1)/uo(@) = @
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Tabla 1 - Carecieristcas demogrilicas v anberedenies
clinicos de los adultce de poblacién general de setratos

Eajos ¥ medlcs-bajos de 1 chudsd de Medsllin, 2010

FACTORS LINKED TO ALZHEIMER 'S DISEASE

Tabla 3 - Ividenca de fectores socisles, srondm loos o rondoctusles ¥ preddion
o menoers A U1 afas

ad i ¢ | IR ]
—3inarrlad |ands) ol 14,20 L]
uEres 4% (L9
T T
rr i 1
% - rll
I El {1
T4
£
e .
TEALY Capdy MR Ll
7 hajo] 117 (I E

T 5

e K ]

o8 walides EXpieRs i iedi ENVIAT N eddela)

i bk

Source: Prevalence of variants in the
apolipoprotein gen E (APOE) in adults in urban
Medellin (Antioquia) [6]

The sociodemographic characteristics can be
seen in table 1. The allele E3 had the highest
- frequency in the population (92%; 1C95%,
88,6%-94,5%) and the alleles E2 and E4 had a
similar prevalence between them.

CONCLUSION OF RESULTS

The results of the project [6] determined genetic,
socioeconomic and demographic patterns on
how the disease has developed in this region
(Medellin) throughout time.

B. Factors linked to the cognitive decay in
people under 65 years: a systematic
review [7]

Results: The median of participants per study
was 2.214. The median of the age average
was 49.5 (35 — 60) years. The median of the
percentage of women included was 51% (23% -
61%) and the median of school years was 33.4%
(19.4 — 58%).

REVISTA BOLETIN REDIPE 10 (10):
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Source: Factors related with the cognitive
decay in population under 65 years old: a
systematic review [7]

CONCLUSION OF THE RESULTS

The results of the project [7] aim to find
factors linked to Alzheimer’s such as diabetes,
overweight, educational levels, physical activity,
cognitive stimulation, quality of the diet in people
under 65 years old. Nonetheless, the data is
affected by a low quality of the evidence.

C. Midlife Work-Related Stress Increases
Dementia Risk in Later Life: The CAIDE
30-Year Study [9]

Results: The following table shows the
sociodemographic and clinical characteristics of
the population analyzed in the study. The study
shows that the allele APOE €4 and other risk
factors are present in the subjects. 1,511
patients were examined, 61 were diagnosed

with dementia and 48 with Alzheimer.
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Tabile 1, facidamagrphic and Chnbical Characierisrcs of the Eniae |

Source: Midlife Work-Related Stress Increases
Dementia Risk in Later Life: The CAIDE 30-
Year Study [9]

The results of the project [9], aim to find the
relationship between work-induced stress and
the chances of developing Alzheimer in the
~ future. The results show that people are
more susceptible to suffer from the disease if
they have less years of formal education, high
levels of stress from work, high blood pressure
and high levels of cholesterol. Most of the people
had jobs that required significant physical effort
(farmers, workers in construction,
housewives and others).

miners,

D. Approximation to risk factors linked to
Alzheimer

The Project ‘Approximation to risk factors linked
to Alzheimer’ proposes to determine a certain
percentage of suffering the disease based on
risk factors to reduce it over time and correct
the risk factors in the eventual development of
the disease. The results are the highest risk
factors presented by the user in his lifestyle
and an estimated percentage of suffering from
the disease in the future. It is known that the
cognitive decay starts 20 years after diagnosing

REVISTA BOLETIN REDIPE
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the disease. It is intended that the user can
identify and correct lifestyle habits that lead to
high risk factors.

VI. CONCLUSIONS

The results of the project aim for the early
detection of Alzheimer, identifying the highest risk
factors of the user and delivering a percentage
of suffering the disease, so that the user can
correct his lifestyle. Nonetheless, the databases
used for the development of the project were
very limited so the results are an approximation
of the real value. The most critical risk factors
(the ones that contribute the most to the chances
of suffering from the disease) are: years of
formal study (scholarship level, low contributes
to 0.008p-value, medium contributes to 0.004
p-value, high contributes to 0.002p-value),
overweight (BMI<20kg/m#2 contributes with
0.001p-value, 25kg/m*2 <BMI<30kg/m*2
contributes with 0.44p-value, BMI>=30kg/m*"2
contributes with 0.5p-value), physical activity
(activity<0.25 contributes with 0.11p-value,
0.25<activity<=1 contributes with 0.09p-value,
activity>1 contributes with 0.03p-value) and
balanced diet patterns. This project was based
on the data of a Mediterranean diet (Following
the diet contributes with 0.006p-value. Not
following diet, contributes with 0.3p-value).

One of the biggest problems regarding the
disease is the late diagnosis since the symptoms
may show 20 years later, when the disease
has significant developed. In that sense, it
is concluded that the early diagnosis and/or
correction of risk factors are crucial to reducing
the possible development of the disease.
This first approximation for the prevention of
Alzheimer’s can be improved in future work.
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