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Predictive model for cerebrovascular disease risk factors using ant-miner algorithm
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Abstract

Stroke remains a leading cause of mortality and disability worldwide, with a significant
impact on public health. Early accurate risk assessment and diagnosis are crucial for effective
prevention and treatment strategies. This study aimed to analyze medical data of cerebrovascular
disease from an international database, extract beneficial risk factors related to diagnosis, and
create an advanced model for stroke diagnosis using data mining techniques. This study was analyzed
data from the Stroke Prediction Dataset, comprising 5,110 patient records with 11 clinical attributes.
Multivariate logistic regression analysis was employed to identify significant risk factors. The Ant-Miner
Algorithm, inspired by ant colony behavior, was utilized to develop a diagnostic model for stroke.
The model’s performance was evaluated using 5-fold cross-validation and compared with other
machine learning techniques, including decision trees and random forest. The results found that
identified age over 65 years (OR = 3.72, 95% Cl = 2.86-4.84), hypertension (OR = 2.98, 95%
Cl = 2.31-3.84), heart disease (OR = 2.75, 95% Cl = 2.07-3.66), and high blood glucose levels (OR = 2.45,
95% Cl = 1.89-3.17 for >150 mg/dL) as the most significant risk factors for stroke. The Ant-Miner
Algorithm-based model excelled in handling imbalanced medical data, generating interpretable
clinical rules, and valuable for clinical decisions. It achieved 98.24% accuracy, 92.00% precision,
90.20% sensitivity, and 91.09% F1-score. These explainable rules, like “IF (age >65) AND (avg_glucose >150)
AND (hypertension = 1) THEN high stroke risk with OR = 27.12”, are applicable in real-world stroke
diagnostics. In conclusion, the Ant-Miner algorithm model proved to be an accurate and stroke
diagnostic model which simply identifies risk factors and diagnostic rules that can aid in early
detection and prevention of stroke, potentially improving clinical decision-making through this data
mining innovation. Further studies are recommended to validate the model’s performance in other
diseases of diverse populations and to explore its potential applications in clinical practice and
public health interventions. The integration of this model with electronic health records and the
development of user-friendly applications for healthcare professionals could significantly enhance
stroke risk assessment and management tools.
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|
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Figure 1 Research Framework and Methodology
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2.2 MsanAneulAveya (data reduction)
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Table 1 Data attribute ['healthcare-dataset-stroke-data.csv”]°

No. Attribute name.

Remark note

0 if the patient doesn’t have hypertension, 1 if the patient has hypertension

0 if the patient doesn’t have any heart diseases, 1 if the patient has a heart disease

Never worked”, “Private” or “Self-employed”

1 id unique identifier

2 gender “Male”, “Female” or “Other”
3 age age of the patient

4 hypertension

5  heart_disease

6  ever married “No” or “Yes”

7 work_type “Children”, “Govt_jov”, “

8  Residence type “Rural” or “Urban”

9  avg slucose level average glucose level in blood
10 bmi body mass index

11 smoking_status

12 Stroke (Label)

“Formerly smoked”, “never smoked”, “smokes” or “Unknown”*

1 if the patient had a stroke or 0 if not

*Note “Unknown” in smoking_status means that the information is unavailable for this patient
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(knowledge discovery and data analysis)
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<Diagnosis> éfﬂLLamﬂugﬂﬁ 2 (Figure 2)

Training Set = all training cases;

DiscoveredRuleList = [J:
I=0;

REPEAT

I=i+1;

END WHILE

/initialized with empty list */

WHILE (No. of uncovered cases in the Training set > max uncovered cases)

Anti incrementally constructs a classification rule;
Prune the just constructed rule;
Update the pheromone of the trail followed by Anti;
UNTIL (i=No of Ants) or (Anti constructed the same rule as
the previous No Rules Converg-1Ants)
Select the best rule among all constructed rules;
Add the chosen rule to DiscoveredRuleList;

Remove the cases correctly covered by the selected rule from the training set;

Figure 2 Pseudocode of Ant-Miner Algorithm®
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4. Convergence Y¥giuneunsdsae
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nMTATIEveya (data analysis) M
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Wzduveananisaiwuuluwnd @ 2 nadws 1wy
mwm?imgja V3o AuAsIR) awEunsi (1)
Tunsnuaseil
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5. duuUsaeanHadns Al Ant-
miner algorithm TUtszgndltiduadesiiodmsy
HemTidedelsavaonidenluauadusuuuures
npfiiilahe wamslugunsam, enu vielusinsu
LOUNALATUAIS
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NaNISANEN

nsAnuiligadoa Stroke Prediction
Dataset daUsznoumedeyagihod1unu 5,110 576
Usenaume @mé’ﬂwmz gender (1Wf1), age (818)),
hypertension (mmé’uiaﬁmqa), heart_disease
(I5piala), ever married (1BLAII), work_type
(UsLnnanw), residence_type (Usziaviiegondie),
ave_clucose_level (Gzsfuthmaludonads), brmi
(Arytiaanne), smoking_status (amuzmiquw%"),
stroke (MaAAlsPviaaRLEen gL - shuUshving)
ymslesgideyailowunaraiauuuiiaes
finannsdnun il

1. Hansieseuteya (data preparation)
ifeldwsondeyamutuneuiineuwly Taed
NanSEIuNNIRa

1.1 msfniiandeya (data selection)
g mutiesa “Stroke Prediction Dataset”

13U 5,110 sealeu Ansanuaizdfay 11 Aasanues
Afianuduiusivlsavasadenluauomiunis
NUYLNTIEINTTH (8N SadUae-ID ilaithan
Talunsiase)
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1.2 msaaveuiifteya (data reduction)
{Adeledanguinuusraiiondutisiifinnumaneg
yenadn el

- 918 wialu <40 U, 40-50 T, 50-65 U
uag >65 U

- syduthenaluden wuady <120
me/dL, 120-150 meg/dL wag >150 mg/dL

- pflanante wuadu <25 (WUnd),
25-30 (bmfniin) uay >30 (89u)

nsdanguiidasannududeunes
Toyauazyilvinadnsvesmsiasedaumng
MeRaTnaATY

1.3 n1svienuarendeya (data
cleaning) {idelarniiunsvihanuaventeym lae

- dansfiuenTinavne (missing values)
T BMI 7ifendu “N/A” Tnaunudishesadeny
NANDYUAZLNF

- dm¥u smoking status AifANTu
“Unknown” AUl dunguusniiolinsizsiin
finasennundssvedtsanioll

- ATIERULazInARAUNG (outliers)
11935 Interquartile Range (IQR) d@usudaLUs
WU laun 01e, seduthenaluideniads
war BMI FanuanAaun 48 suideunarlévinnis
U%’Uﬁﬂﬁagﬂuﬁé’aﬁaau%’ﬂﬁ
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1.4 n1suvassiuuudeya (data
transformation) g33elalUastayaanlla Csv
Husuuuuisangadmiunsiingzsilag

- dnideyaglusunsuinsein et
dmsumsle ey LaneeelaRaRNWUUNS S

- wawhudsisunnlviegluguuuy
FuUaviu (dummy variables) dusun1sinsien

- witndeyalusUuuuiivnyaudmy
nslgiu Ant-miner algorithm

2. Snuaiuguvestoyadifnumdann
wtntoyaudn flengads 43.22 + 22,617 sy
vhmaludonads 106.14 + 45.28 mo/dL sl
wanewads 28.89 + 7.85 dulngdumane
($ovaz 58.59) Urudulafingssouay 9.73 dlsa
vladovay 5.40 uagliineguyvidiesay 37.03

2.1 dNuUENIINTTINLVRITILALAY
Hoymarulilaunavesdoya andeyarianun
5,110 518 Wuiﬁﬂukwaamﬁamiuamm 249 518
(Soway 4.87) wazlilulsn 4,861 e (Geway 95.13)
wanslidiudsmsliaunavesdoyaiienadmwasie
Usgdvsnnvesuudnaedlunsiuenguitie
Adulsa Toyafinisnszarsvesdiudsniu
attributes 7idAey Fawanslum1eil 2 (Table 2)
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Table 2 Distribution of key attributes by stroke outcome

Attributes Category No stroke (%) Stroke (%) p-value
Gender Male 58.82 53.41 0.035
Female 41.18 46.59
Age < 50 years 68.73 19.28 <0.001
50-65 years 20.04 28.51
> 65 years 11.23 52.21
Hypertension No 92.59 54.22 <0.001
Yes 7.41 45.78
Heart disease No 96.48 65.46 <0.001
Yes 3.52 34.54
Blood glucose level < 120 mg/dL 78.85 44.98 <0.001
120-150 mg/dL 11.91 22.49
> 150 meg/dL 9.24 32.53
Body mass index <25 36.82 24.50 <0.001
25-30 32.03 31.33
> 30 31.15 44.17
Smoking status Never smoked 3791 23.29 <0.001
Formerly smoked 16.89 26.10
Currently smokes 14.65 31.33
Unknown 30.55 19.28

91951991 2 (Table 2) HaMsAATIEH
WUl fwdseny Aanudulalings lsaiala
sefuthmaluden duilnane uaznisguyv
fanudunusegalidediAgniadaiunisiia
lsavaeniienluaues (p<0.001) launguguae
dulsaiidndiuvesd@ifenguinnin 65 T
fanudulafings fMsala Sseduihmaluden
g9ndn 150 mg/dL Tdvilananiegandn 30 uax
sy IRnmsguuvaludnaniigeninguiliifulsn
BRSNS

2.2 Fnsunlalgmeanuldaunaves
foua osndeyadamiliaugasgiann e
wilvdgmeuliaunavestoya laldinaia
SMOTE (synthetic minority over-sampling
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technique)*? iissuiusiogislungugiaelsa
viaandentuanesan 224 518 (Sevaz 4.87) 1y
2,187 519 (Jewaz 50) uagld random under-
sampling " andwausaegndlunguliilulsnain
4,375 578 \Ju 2,187 318 virlvigeRnaouiidndu
maqﬁgmmmjuwhﬁ’u

2.3 A1SUUITOYALAEAITNAARY
wuushaes Tunsnendl deyarionua 5,110 1
gnuuseanidugerinasy (training Set) F1uu
4,599 518 (Feeay 90) UavyaNAdeU (test Set)
U 511 578 (Sewaz 10) lnunsgdusuumys

1%
o a

Uil (stratified sampling) Lielvinsaaayndl

o 1

dndnveafithenlulsauwarlddulsalndifesiu

1% ¥ @ o

Toyaduatu dwiuyernasulalditnisnsivasy
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wuvled 5 @ (5-fold cross-validation) @uus
garnaousonidu 5 dauing fu wazviinig
Hnaouuuudnge 5 seu lngusazseuazldtoya
4 dlumsinaauuazdn 1 dwlunismeaeu
3. wamiATEineann lumsdnunaded
wuuiaesildanmsiuniiestoya azldinada
MFATEiRILUn oy elfinUszansam
Msvinemgsal Wieuszfiuanaudes Tng

Fhuusinast (Faudsem) dusudsuuunmuny
wazduUsdase (Fuusviune) fAfinatesad
Lﬂuiﬂiﬁﬁ%ﬂﬁmﬂiﬂdm (categorical variable)
Wiafuusseilos (continuous variable)

3.1 NaNTIATIZRANOANDYLAJEAN
wuunyiuUsdmiviiadeideddsavasnidon
Tuawes fnansinudslunissdi 3 (Table 3)

Table 3 Multivariable logistic regression analysis results for stroke risk factors

Factor SE(B) Oddsratio  95% Cl p-value
Age > 65 years 1.3139 0.1335 3.72 2.86-4.84 <0.001
Hypertension 1.0919 0.1287 2.98 2.31-3.84 <0.001
Heart disease 1.0116 0.1462 2.75 2.07-3.66 <0.001
Blood slucose level > 150 mg/dL 0.8961 0.1317 2.45 1.89-3.17 <0.001
BMI > 30 0.6259 0.1332 1.87 1.44-2.43 <0.001
Current smoker 0.6575 0.1439 1.93 1.46-2.56 <0.001
Age 50-65 years 0.7608 0.1333 2.14 1.65-2.78 <0.001
Blood sglucose level 120-150 mg/dL 0.5188 0.1345 1.68 1.29-2.19 <0.001
BMI 25-30 0.3716 0.1325 1.45 1.12-1.88 0.005
Former smoker 0.4187 0.1374 1.52 1.16-1.99 0.002
Work type (Private/Self-employed) 0.3293 0.1336 1.39 1.07-1.81 0.014
Male gender 0.2469 0.117 1.28 1.02-1.61 0.035
Ever married 0.3001 0.1285 1.35 1.05-1.74 0.019
Urban residence 0.174 0.114 1.19 0.95-1.49 0.127
Family history of stroke 0.6366 0.1446 1.89 1.42-2.51 <0.001

915747 3 (Table 3) WU

1. 01y > 65 U Tanudssgeiige
(OR = 3.72) uwazdtludAyneas (p<0.001)

2. avwuaulafings waslseiala 10u
Jadeidesddysesann (OR = 2.98 uaz 2.75
AIUAIGU)

3, izﬁuﬁwmaiwﬁamqa WisAsEe

o W

a813iltedAgy (OR = 2.45 d13u > 150 me/dL)
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4. frudnaniogs wazmsguYns Ll
AEsTUIUNaNs (OR = 1.87 uaw 1.93 audsv)

5. U5t Stroke luasaundh hitladdes
fidfy (OR = 1.89)

6. wAvE SAnudsaiiniudnies
(OR = 1.28) Waiisufuinands

7. Ussmiledendt (wndley iiiddry
M@Edd (p=0.127)
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3.2 A1TTILUNAILUTLAUT S2AY
ANULEBIgY NA1e uazs wuudaesiileann
nsviuvilestoya FANYIILATIZYAN odds ratio
(OR) wag Confidence Interval (CI) Taflunns
Smuannasinadsdduusiarsedu amnsodn
seduAnuAsenuen OR Idsdl ANLLEBAEA
(OR > 2.0) loun 81y > 65 U (OR = 3.72),
AuAlatings (OR = 2.98), 15aala (OR = 2.75),
wazszAuthnaluden > 150 mg/dL (OR = 2.45)
AadBItunane (OR = 1.5-2.0) i BMI > 30
(OR = 1.87), mﬁquwﬁuﬁwﬁu (OR = 1.93),
wareny 50-65 U (OR = 2.14) ANIAEN (OR < 1.5)
1giuA 918 < 50 U (OR = 1.00), liflanuduladings
(OR = 1.00), szsfuthmaludon < 120 me/dL
(OR = 1.00), BMI < 25 (OR = 1.00), uazlslinsguuyvd
(OR = 1.00), wilelulda$1ang (term)

4. Uszangamveswuuinaesdmivyn
Anapunazyanaaay uudIaeIn1TItadelse

nanalaonluaueinig Ant-miner algorithm
(5-fold cross validation) FufusENsayengLaR
Tunsfinw {Anwmedmafwesidosiu il
F1UUUA 1,000 1 wardRsINISIEgUaanlsluy
0.1 wazA1 convergence WINAU 10 89U N3
NAFUUTEEANSAIMVOILUUTNABI875 5-fold
cross validation UuYerNEDU 4,599 518 WU
A1 accuracy wasSeuaz 95.58 (95.32-95.87),
precision \aduSouay 90.88 (90.45-91.23), recall
\Asdenay 92.53 (92.18-92.76), uag Fl-score
\dvfoas 91.66 (91.31-91.99)

4.1 wan1sviiutealudesveslsa
nanlaonluausinig Ant-miner algorithm
wazUszdnininveluudiasinisitadelsa
naonLaonluansinig Ant-miner algorithm
dmuganaaev (test set) dauandlunseil 4
(Table 4)

Table 4 Confusion matrix and performance measures of the ant-miner model on test set

Actual \ Predicted Positive Negative
Positive 46 (True Positive TP) 4 (False Negative FN)
Negative 5 (False Positive FP) 456 (True Negative TN)

Confusion Matrix (N = 511)

91NM1397 4 (Table 4) wud wuusIaes
nsidadulsanannaenluauninig Ant-miner
algorithm \flevnaeuseteya test set S1u
511 518 flUszAnSn1menu accuracy wisdovas
98.24 uansiuuassEsavinglagneies
wnnideray 95 veensiivaviun fu precision
waeferaz 92.00 Ustidlouuusraswhunein
fimnuidzgniesUssanuiosas 92 vesnsdl
Wanun @ recall Wwasdosar 90.20 wandin
wudasenInsaszyRtaNudsesliUsTN

Soay 90 vaenIEN VLA wae Fl-score WaasSouay
91.09 LLamﬁﬂmmau@aﬁﬁizde precision
ke recall

4.2 wuvdtaesd1uiunisitadelse
viaendenluatesiiad1ane Ant-miner algorithm
I#as1engn1sifede (term) Stuauitadu 25 ng
Tagannsadanduauszduanuides uansng
fddnuazian OR galuusaznauaiudes
Fauandlunsedl 5 (Table 5)
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Table 5 Key diagnostic rules generated by ant-miner algorithm

Term Odds ratio
A. High Risk Rules (OR > 15)
1. IF (age > 65) AND (hypertension = 1) AND (heart_disease = 1) AND (ever_married = ‘Yes’) 41.43
2. IF (gender = ‘Female’) AND (age > 75) AND (hypertension = 1) AND (heart_disease = 1) 34.01
3. IF (age > 65) AND (avg_slucose_level > 150) AND (hypertension = 1) 27.12
4. IF (age > 70) AND (bmi > 28) AND 25.54 (heart_disease = 1) AND (ever married = ‘Yes’) 25.54
5. IF (gender = ‘Male’) AND (age > 70) AND (hypertension = 1) AND (ever_married = ‘Yes’) 21.32
B. Moderate Risk Rules (5 < OR < 15)
1. IF (age > 50) AND (bmi > 35) AND (avg_glucose_level > 150) AND (ever married = ‘Yes’) 14.23
2. IF (age > 60) AND (avg_slucose level > 120) AND (hypertension = 1) AND (Residence type = ‘Urban’) 11.96
3. IF (age > 50) AND (avg_glucose level > 130) 10.43 AND (hypertension = 1) AND (work type = ‘Private’) ~ 10.43
C. Low Risk Rules (OR < 5)
1. IF (age < 45) AND (bmi < 25) AND (smoking_status = ‘never smoked’) 1.00
2. IF (age < 30) AND (hypertension = 0) AND (heart_disease = 0) AND (bmi < 22) 0.88
3. IF (age < 25) AND (avg_glucose level < 90) 0.64 AND (bmi < 20) AND (smoking_status = ‘never smoked’) 0.64

21nM15197 5 (Table 5) WAAINHNTT
Aadefiddailéain Ant-miner algorithm
anunsoagUdnunzddelacd

1. ng) (term) mmﬁmqa [A. high risk
rules (OR > 15)] wanslidiuindadefifannud ey
gugnie Msiitaduidsmansegnesiuiu lnoamne
961984 01881001 65 T Smfuanuduladings
wazlsasiale Safiumnudedlageis 41.43 wh
nnuaniifenuaenadesiuaiudmansunng
fggeongiidlsaUszaimiimudssgiiansiin
lsAviaenifanluasas

2. ng (term) AMAABIUIUNaNS [B.
moderate risk rules (5 < OR < 15)] kaAddd
unumvestadufueInuasiegends s
Hademeguain Taswuingiiauniaenay
vdeoAelulvadeafifionguinnit 50 U waz
fithddsmmsgunwesnetios 2 ade Tamndes
solsavaenideniuauadluszauliunan
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3. ng) (term) AudEadn [C. low risk
rules (OR < 5)] Sudui1 yanaiidengiios (Fini
45 U) Wifinganudulafingaiselsaviila el
wameUnd uazliguyns dmnuidsssents
\Nnlsaviaanidentudes

ng) (term) winiuandliishufianududon
vyosthiodusiidmasenaialsavaondonlumies
WAYAINAINITOVDY Ant-miner algorithm Tunns
AngUuuumNdLsTIRUtousT e dudes
#1499 Faannsotlulszndldlunisdanses
uazUsziiiunnadssvesthelumanatinld an
nnn9itadelseviaenidenluauesiavin nudn

91y (age) fiAuddniign ynngsl
ReuluAeatueny nsanilvajazizuiionguinnt
40 Yl uagaruidssanfivtiunuengfiiintu

Jad8n19490 0 Ausauladings
(hypertension) wazlsaala (heart disease)
Usngluvaneng Tnstawzlungiiszymnudesgs
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dilsname BM) uazszauthmaluiden
(avg_glucose_level) iuiladodrdyiusinglu
vaneng TaoAniigeinaiiuanuidos

WQAN33UN5EUYM3 (smoking_status)
FadTiauynitligtusasinegulusfniimiudes
Wiy Tneamzdlesuiuiededug

Usesmau (work type) 91unIA@NYY
(private) waze1¥ndase (self-employed)
Usingluvaneng enaientestuanuieienvie
aNYENITVINUY

WA (sex) HMshenngdmsumav e
widsluunansdl wansdanuuanivesdadeides
FENINUNA

da1unNeNTd (ever_married) N3
wisuusIngluueng leganizlunguenguin
o1aftestutiadonedinunaznmsguaguniw

Uszuanilegafe (residence_type)
Usngluunang uanstamnuunnssestiadedes
FENIUVALIIB AT IUUN

ng (term) ﬁizqmﬂmﬁmqaﬁﬂ%im
vinethiidoatment ity engsnn anusulatings
waglsaiila vaueitadedunginssuuazdeny
U MSGUYYS 91T @nunmansa Sunuiniile
fnsaniulatemegunmuazety Anududou
vosng nnailvgiuseneusie 3-4 feuly wansdls
aududuvesnisUsifiunuides Stroke

ns@nwildTeuiieulseansnm
999 Ant-miner algorithm U738 decision tree
wag random forest Tun1siliadelsaviaaniien
luaues lagldvayaan Stroke Prediction
Dataset LRegafiu nan1siseuiiisuunanslimdi
flaUszAnSaInwes Ant-miner algorithm figana
Tunnéuiivssidiu uandunised 6 (Table 6)

Table 6 Comparison of performance measures across different algorithms

Algorithm Accuracy (%) Precision (%) Recall (%) F1-score (%)
Ant-miner (My proposal) 98.24 92.00 90.20 91.09
Decision tree 91.20 89.70 86.50 88.07
Random forest 92.70 91.50 87.60 89.51
Nan1SUTBUBUTLEASIT Ant-miner  aAusiena

algorithm fiusg@nsnwinilonin decision tree
waw random forest Tunndnu Inetavnzegnad
supugndalazAILLG) emnudAy
ot 19Bslunsidadenienisunng Maiaasg
f1u1TeRvesuiagiusEnauiunle 1Yy
anusrlunisuszurananaraiiudnglunis
oiUTNadNs ieidensiuansauiigadmiy
nstllgassluniemdin

MIAATETRLAV NSNS TR
Jadeides 1iteyadimiunisAngiain Stroke
Prediction Dataset Usgnaunig YeyarUae
5,110 918 HAN1SANYIINNITAATIRAUAANDY
Tedafnuuunmiuys wuh Yadedusiid ayian
vaslsavaeaientuaues As 915NN 65 U
(OR = 3.72, 95% Cl 2.86-4.84) @oaAdediy
MsAnIues Wang et al. (2020) finuin 918
dutladeidsandnueslsavaonidonluaues’
wenantl arudulafings (OR = 298) uaslsevidla
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(OR = 2.75) Aluhduidesddy denndesiunis
Ainwued Boehme et al. (2017)" wag Suwanwela
N.C. (2014)' fiszyin awsladingauazlsala
Dutladeidemdnvessavasndenluaueisly
seuanauazludszmelne szduihmaludengs
(OR = 2.45 d w3y > 150 me/dL) Wuiladeides
fiddty aonrdostunisAnuves Zheng et al.
(2018) finui quﬁwmaiuﬁamqaLﬁ'umﬂm?ﬁm
sonsiinlsavaendenluaneseslitodfgy!’
Uaduaudvilinaniege (OR = 1.87 dmsu BMI
> 30) WAYMSGUYYE (OR = 1.93 dw3ugiiguyvs
Tutiagt) Adulladoidosddilimsuestn
UsrAnSnmuesuuuiiassitadnedie Ant-miner
algorithm HUsdn3nIngenInIsnisiseusves
\A3aeuuUsiy TaeiiAn accuracy 98.24%,
precision 92.00%, recall 90.20%, &y Fl-score
91.09% §4n11 decision tree (accuracy 91.20%)
waz random forest (accuracy 92.70%) 9814l
Todrdy nadnidaenndaatunisdnuives
Shen et al. (2016) finun 3‘5msﬁau§maam‘§aa
AB9mUNnANTINYBIUNAY 19U Ant colony
optimization iUs¥dvsnmaslunisiiasigideya
MeNSENTALEUTew® Ant-miner algorithm
fqauauiidrfyfe annsoaiungnisidaded
Wihladreuarinnumuneniendiln wu 1 (1
> 65) way (szfuthaaludenads > 150) way
@musulaings) udmudssiolsanaonidon
luawes = g4” (OR=27.12) Faumnsineann neural
networks Asingnasindiu “black box” Liesan
Anugugoulunsedurenaans (Yu et al, 2018)
(29) pwausalunisadrangiiesunelddl
denAdesfuuLIAnYes Cynthia R. (2019) 7
Lﬁuégﬂﬁdmmﬁﬂﬁaﬂm interpretable machine
learning Tunsdindulanisnisunng'
slonBeuidlouiuisaun Mdlumsdnenil
WU Ant-miner algorithm f9alaiuSeuinile
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decision tree lusiunisuiledudeyaii
AMNTUTauLaziiviaulia 1ae decision tree
fhifedialunisiamsiufiuiidumiidudeuas
funliufiaeiin overfitting dlesuliiinrudnunn
Tuwedl random forest wiazyrvandgym
overfitting W89 decision tree wAnildelde
AeAududaulunIsAnukazAueInTunIS
vheradlangnssindulaiideustnely sy
Molnar et al. (2020) laas1gAlT d@u neural
networks Wilagiuseansaingalunisdnwun
sUnuuRduteu widududoddteyadiuauinn
Tunsiinaounazilrnuennlumsesuienszuauns
dndula Fadutedrindrdglunsuszgndlivg
Aadn (Topol, 2019)*
UoleiUssudAydnusen1sves Ant-miner
algorithm AoauaIuIsalun1saidunisiu
Toyailiauna Fadudnvaziilivestoyalsa
viaonLionluaNes tnulA recall g8 90.20%
wansisruansolunsnaduledodensd
Adulsaldd denadesiunisAnuives Chawla
et al. (2002) 17“Lﬁuég’]‘ﬁ\‘iﬂ??ﬂﬁﬁﬁ@%@ﬂﬂ’]iﬁ@ﬂ’]i
futeyaliaugalunmyitadenianisunnd® u
n13dnnsivteyaliaunaveslsavasniionty
avesdadidnvaidulsaiinuluvesudiniy
suks9gs msAnudldussendldinada Synthetic
Minority Over-sampling Technique PREGT
Fernandez et al. (2018) uugthl3 ieifiudiuau
Fregralunguiuaslsavasaidenluaueadis
uudesnin wasldimalin random under-
sampling Tungulsiidulsaifduansnnnin aw
LUAINI9TBY Wang et al. (2016)" wiieloile
yadoyaTiiemuaunanNIu Bnamaitedi
Uszdninmveamsvinng lnsanglungudiie
Adulsndasinnudnmenadnannni uenni
gatinsldimadia cost-sensitive learning i
Johnson Wag Khoshgoftaar (2019) Wlaue®
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e Tnetauasdasimtnlinnsiuneiin
Tungugfthelsaviaenidionluases (false negative)
findemegendinisinuneialungulidulse
(false positive) iaannuaidevesnsiilésuns
SnwlugUrelsanaanifenluauoilndnugulss
NN LU aesiainsaasingfifmdudon
NN U “IF (age > 65) AND (hypertension = 1)
AND (heart_disease = 1) AND (ever_married = ‘Yes’)
THEN A2aides Stroke = g4” (OR = 41.43)
nwianilaoufsanuduiusfidudousewing
Jadedsaningg denndaatunisAneiaes Liu
etal. (2018) Mg Ty fyvesnisiiansan
Auduius seninadadeidsdlunisuseiiu
Audssvedlsaviannidonluanos®
9813lsAnY Ant-miner algorithm Adl
Fodinfinasfinnsan Wudeatufunsinwves
Zhang et al. (2017) inuivisnsiSouivesiaios
AFvunuungAnssusssumd Suszansaings
Tumsinsesideyansmsunngidudon® usd
fianandessetaym overfitting lunsl algorithms
futuiuteyamansunmdaenadesiutedaing
289 Domingos (2012 S3eadwiasie seneralizability
vesuvuiasadelUldiudeyasisluuiuni
unnsnseaniu st Khosla et al. (2020) lg@nwly”
Tnsnmzdedeuilulitulssnnsivedifidnuoy
MaUgNIsH W0 weAnIINNITUILAARIMS
waztadoundeuiunninaaindoyalugiudeya
fldlumsfinuil dududeyaanlsmeruialy
UssmeaiUu wonani Hadudndayue wu eld
n15dfesEUUgIuteYa EHRs vadlsang1una
Tuuszmalne LLab’{]ﬁlﬁlu‘EJLgaﬁi’e]mi@LLaGIuLENVﬁ'EJ
aaﬂﬁ’ﬂé’qmaﬁlﬁléﬁ%fumiLﬁuﬁayjamﬂumsﬁﬂmﬁ
anvdarerLugveuU e ailet 1Y
TuuSuniiumnsnseanly
dnsuniswmuinisAnerluouian
fifofinnsaumanaUsenisiiansdniisils nstwa

nsfnuiludszgndldluniunesussrnsine
msvhsenuseinseds esandeyaildly
MsfnwanUsEnnslulsemaady deidade
Flonraumnsnaitu ednwagmaiugnssu wefings
n3uslaAeT Msdsssuuaunm uazlade
Boranisquanuios TanrsinisAnuafiuiia
Tnglddayaainuszvnsinglaonsaiieaine
LuUdtaesfinnzauiuuIunvesszinalne
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