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ARTICLE INFO ABSTRACT

Research Paper The study was conducted from February 2025 to August 2025 at
veterinary clinics in Ho Chi Minh City, Vietnam. This retrospective
study analyzed hematological and blood biochemistry data from
60 cats (30 healthy and 30 with chronic kidney disease-CKD) to
Accepted:  October 01, 2025 evaluate the efficacy of machinelearning (ML) modelsin diagnosing

CKD and identifying biomarkers. Parameters included red blood
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Received: August 12, 2025
Revised: September 24, 2025

Blood biochemistry blood cell count (WBC), neutrophil count (Neu#), eosinophil
Cats count (Eos#), lymphocyte count (Lym#), monocyte count (Mon#),
Creatinine platelet count (PLT), alanine aminotransferase (ALT), aspartate
) aminotransferase (AST), blood urea nitrogen (BUN), creatinine
Kidney (Crea), total protein (TP), albumin (ALB), and glucose (GLU).
Machine learning Data were preprocessed and split into 80% training and 20%
Carsaron o testing sets. Seven ML models [Logistic Regression, K-Nearest
Neighbors (KNN), Decision Tree, Random Forest, Gradient

Dang Hoang Dao Boosting, Support Vector Machine (SVM), and Naive Bayes] were
Email: assessed using accuracy, sensitivity, specificity, F1-score, and area
dh.dao@hutech.edu.vn under the curve (AUC). The SVM, Logistic Regression, and KNN

achieved 92% accuracy, with SVM yielding the highest AUC (0.98).
Decision Tree, Random Forest, and Naive Bayes performed less
effectively (75 - 83%), often producing false positives. Creatinine
was the most influential biomarker (importance score: 1,178),
followed by Mon#, AST, Neu#, and WBC. The Crea, WBC, Neu#,
ALT, and AST showed significant differences (P < 0.01) between
healthy and CKD cats. In brief, ML, particularly SVM, holds
promise for supporting the early diagnosis of CKD and enhancing
clinical decision-making.

Cited as: Dang, D. H., Tran, C. D., & Tran, B. T. (2026). A retrospective study examining the use
of machine learning models to diagnose chronic kidney disease in cats, utilizing hematological and
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Nghién ciu hoi ctiu vé€ ing dung md hinh hoc may trong chidn doan bénh thin man tinh 6 méo
dua trén dii liéu sinh ly va sinh héa mau
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1. D4t Vin Dé

Bénh than man tinh (CKD) la mét bénh ly
phd bién & meo, dic biét & meo cao tudi, voi ty 1é
mac lén dén 30 - 50% & meéo trén 15 tudi (Bartges,
2012). CKD & meo gay suy giam tinh trang stic

TOM TAT

Nghién ctiu dugc thuc hién tu thang 2/2025 dén 8/2025, tai cac
phong kham tha y & Thanh phé H6 Chi Minh, Viét Nam. Nghién
ctiu hdi ctiu phan tich dii liéu sinh Iy va sinh héa mau ctia 60 meo
[30 khoe manh va 30 méc bénh thian man tinh (CKD)] dé danh
gia hiéu qua hoc may (ML) trong chidn dodn CKD va xac dinh chi
s6 sinh hoc. Cac chi s6 gom hong cau (RBC), Hemoglobin (HGB),
hematocrit (HCT), bach cdu (WBC), bach cdu trung tinh (Neu#),
bach ciu ua axit (Eos#), t€ bao lympho (Lym#), bach cdu don nhan
(Mon#), tiéu cau (PLT), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), ni-to trong urea huyét (BUN), Creatinine
(Crea), protein tong s6 (TP), albumin (ALB) va glucose (GLU).
Dii liéu dugc tién xti Iy, chia 80% huén luyén va 20% kiém tra. Bay
mo hinh ML [Logistic Regression, K-Nearest Neighbors (KNN),
Decision Tree, Random Forest, Gradient Boosting, Support Vector
Machine (SVM), Naive Bayes] dugc danh gid qua d¢ chinh xac, o
nhay, do dac hiéu, F1-score va dién tich dudi dudng cong (AUC).
M6 hinh SVM, Logistic Regression, KNN dat d¢ chinh xac 92%,
v3i SVM ¢6 AUC cao nhit (0,98). Decision Tree, Random Forest,
Naive Bayes kém hon (75 - 83%), dé tao duong tinh gia. Creatinine
1a chi s6 quan trong nhat (hé s6 anh hudng: 1.178), tiép theo la
Mon#, AST, Neu#, WBC. Céc chi tiéu Crea, WBC, Neu#, ALT va
AST khac biét dang ké (P < 0,01) gitia méo khoe va meo bénh.
Tom lai, ML, dic biét SVM, htia hen hd trg chdn dodn sém CKD,
nang cao quyét dinh lam sang.

khoe tong thé va lam réi loan nhiéu chi tiéu sinh
ly va sinh hda mau, bao gom creatinine, uré,
phosphate, canxi, cing v6i cac chi s6 huyét hoc
lién quan dén tinh trang thi€éu mau (Chakrabarti
& ctv., 2013; Hokamp & Nabity, 2016). Tuy nhién,
nhiing bién d6i nay thuong dién ra am tham va
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chi r6 rét & giai doan mudn, han ché kha nang
chén doan sém bang phuong phép truyén théng
(Elliott & Barber, 1998; Sparkes & ctv., 2016).

Trong nhiing nam gan day, hoc may (ML)
da tr¢ thanh cong cu tiém ndng trong y hoc
thu y, cho phép phén tich lugng l6n di liéu lam
sang d€ phat hién cidc mau déc trung ctia bénh
(Banzato & ctv., 2018; Bradley & ctv., 2019). Céac
thuat toan nhu Random Forest, Support Vector
Machine (SVM) va Gradient Boosting da chiing
minh hiéu qué trong phéan loai va du doan tién
trién CKD & meéo (Bradley & ctv., 2019; Biourge
& ctv., 2020). ML khong chi phan biét meo khoe
manh va méo miac CKD ma con xic dinh céc
chi s6 sinh hoc quan trong, hoé trg chidn doan
sém va tién lugng bénh (Vanden & ctv., 2025).
Tuy véy, han ché vé b dii liéu 16n va tinh bién
thién sinh hoc gitia cac cd thé van la thach thic
(Beam & Kohane, 2018; Esteva & ctv., 2019). Do
do, nghién ctiu nay nham ap dung ML d€ chin
doan CKD va xac dinh nhiing chi s6 sinh ly, sinh
héa mau thay d6i ro nhat, hudng t6i phat trién
hé thong ho trg ra quyét dinh 1am sang chinh xac

va hiéu qua.
2. Vit Liéu va Phuong Phap Nghién Ciu

2.1. Thoi gian va dia diém
Thoi gian: Nghién ctu dugc tién hanh tu
thang 2 dén 8 nam 2025.

bia diém nghién cttu: Ly mau va thu thap
dii liéu sinh ly, sinh héa mau meo tai cdc phong
kham Thu y khu vuc Thanh phé H6 Chi Minh.

2.2. Thiét ké nghién ciu

Nghién ctiu dugc thiét ké theo dang mo ta -
phén tich hoi ciu nhdm ting dung cdc moé hinh
hoc méy (Machine Learning) trong chin doan

CKD va xdc dinh cdc chi tiéu sinh ly, sinh hoa
mau cd y nghia ddc trung cho bénh ly nay.

Di liéu dugc thu thap ti ho so xét nghiém
madu ctia méo khde manh va méo méc bénh than
da dugc chdn dodn xdc dinh bang phuong phéap
lam sang va can lam sang tai cdc phong kham
Thu y khu vuc Thanh phé H6 Chi Minh.

2.3. Doi tugng khao sat

béi tugng: Tat cac cac thé meo c¢b do tudi
dudi 6 thang tudi, tii 6 thang tudi dén 2 ndm tudi
va trén 2 ndm tudi; vé gidi tinh ca duc va cai;
phuong thtic nudi bao gobm nudi nhét va nudi
tha; giong meo ghi nhdn ca noi va ngoai dén
kham va kiém tra stic khoe tai cac phong kham.

Tiéu chuin chon mau gébm: Nhém méo khoe
- khong cé dau hiéu lam sang, xét nghiém sinh
ly sinh va sinh héa mau trong giéi han tham
chiéu va khong c6 tién stt bénh than; nhém meo
bénh CKD - dugc chin dodn x4c dinh bdi bac si
thd y dya trén triéu chiing lam sang nhu chan
an, sut can, da niéu, mat nudc; vé€ can lam sang
uré huyét cao, mau nhiém toang, thiéu mau va
dic biét protein niéu dai ding (0,2 - 0,4) 1am gia
tang t6c do tién trién CKD do tang ap luc cau
than (Lees & ctv,, 2005). Tiéu chudn loai trii:
mau thiéu > 30% di liéu hodc méo mic bénh hé
thong khéc (viém nhiém nang, bénh gan man,
bénh chuyén hoa).

2.4. Bién s0 nghién ciiu

Nghién ctiu nay tién hanh phan tich cac chi
tiéu huyét hoc bao gom Red Blood Cell count
(RBC), Hemoglobin (HGB), Hematocrit (HCT),
White Blood Cell count (WBC), Neutrophil
count (Neu#), (Eos#),
Lymphocyte count (Lym#), Monocyte count
(Mon#) va Platelet count (PLT). Pong thai, cac

Eosinophil count
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chi tiéu sinh hoa cling dugc danh gid bao gom
Alanine Aminotransferase (ALT), Aspartate
Aminotransferase (AST), Blood Urea Nitrogen
(BUN), Creatinine (Crea), Total Protein (TP),
Albumin (ALB) va Glucose (GLU).

Bién muc tiéu (Label) dugc xac dinh dya trén
chén doan lam sang: 0 = meéo khoe, 1 = meéo bi
bénh thin man.

2.5. Tién xti ly va lam sach dii liéu

Dii liéu dugc xu ly biang cich chudn hoa tén
bién (loai boé khoang trang, ky tu dic biét, cha
thich), kiém tra va xu ly gia tri thiéu (ty 1é < 5%
thay bang trung vi, > 30% loai bd mau), ma hoéa
nhan thanh dang nhi phén (0 = khoe, 1 = bénh),
va chudn hoa cac bién bang StandardScaler dé
dua vé thang do z-score, ho trg t6i uu cho cac
mo hinh nhay véi khoang cach.

2.6. Chia tap dii liéu

Tap di liéu gdbm 60 mau (30 meéo khoe va 30
meo bénh than), dugc chia theo ty 1&¢ 80% tap

huén luyén (48 mau) va 20% tap kiém tra (12
mau) bang phuong phép train-test split dé git
nguyén til¢ 16p (Han & ctv,, 2022). Qua trinh chia
ngau nhién dugc c6 dinh (random_state = 48)
nhdm dam bao tai lap. Trén tdp huin luyén, ap
dung k-fold cross-validation (k = 5) dé kiém soat
overfitting va danh gia d¢ 6n dinh ciia mo hinh.

2.7. Xt Iy di lidu

Dii liéu dugc quan ly bang Microsoft Excel
va phén tich bang phan mém Python. Qua trinh
hudn luyén moé hinh hoc may dugc thuyc hién
v6i cac thuét toan bao gom: Logistic Regression,
K-Nearest Neighbors (KNN), Decision Tree va
Random Forest, Gradient Boosting, Support
Vector Machine (SVM), va Naive Bayes. Dung
t-test d€ so sanh cac chi tiéu sinh ly sinh héa
ctia 2 nhom bién ddc lap (nhom meéo khoe va
meéo bénh).

3. Két Qua va Thao Luan

Bang 1. Két qua danh gia mo hinh Logistic Regression trén tap kiém tra

Dic tinh D6 chinh xac D6 nhé Diém F1 Tap kiém tra
Meéo khoe 0,86 1,00 0,92 6,0
Meo bénh 1,00 0,83 0.91 6,0
Do chinh xac tong thé 0,92 12,0
Trung binh Macro 0,93 0,92 0,92 12,0
Trung binh trong s6 0,93 0,92 0,92 12,0

Qua Béang 1, ta thdy mdé hinh Logistic
Regression dat do chinh xac téng thé 1a 92% trén
tap kiém tra (11/12 mau dugc phéan loai dung).
Precision cho nhém méo khoe 13 0,86 (6/7 mau
dugc du doan la khoe thuc sy khoe), trong khi
Precision cho nhém meéo bénh 1a 1,00 (tat ca cac
mau dugc du dodn la bénh déu thuc su bénh).

biéu nay cho thdy mo hinh c6 kha nang phan loai
meéo bénh t6t hon méo khoe. Recall cho nhém
méo khoe 1a 1,00 (tat ca meo khoe déu dugc phan
loai diing), trong khi Recall cho nhém meo bénh
la 0,83 (5/6 méo bénh dugc phan loai dung). F1-
score cho c¢& hai nhém déu cao (0,92 va 0,91), cho
théy su can bang gitia Precision va Recall.
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ROC Curve - Logistic Regression
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Hinh 1. Dudng cong ROC (Receiver Operating
Characteristic) cia mo hinh Logistic Regression

(Ngudng toi uu (Youden) = 0,8; ] = 0,83; Se = 0,83;

Spe = 1,0).

buong cong ROC (Receiver Operating
Characteristic) cia m6 hinh Logistic Regression
cho thay kha nang phén biét tot gitta méo khoe
va meo bénh, véi dién tich dudi duong cong
(AUC) la 0,94 (Hinh 1). Ngudng Youden téi uu
la 0,8; tuong ting v6i do nhay la 0,83 va do dac
hiéu la 1,0. Biéu nay c6 nghia 13, & ngudng nay,
mo hinh c6 thé phat hién 83% s6 méo bénh va

Logistic Regression - Confusion Matrix

Actual

Predicted

Hinh 2. Ma tran nham lan ctia m6 hinh Logistic
Regression.

loai bd hoan toan céc trudng hgp duong tinh
gia (meo khoe bi chdn doan nhdm la bénh).

Qua Hinh 2, cho thiy ma trdn nham lan cho
thay mo hinh Logistic Regression phén loai diing
6/6 meéo khoe va 5/6 meéo bénh. Méo bénh bi phan
loai nhdm la méo khde. Diéu nay cé thé 1a do su
tuong dong vé cac chi s6 sinh ly va sinh héa mau
gitia meo bénh & giai doan dau va meo khoe.

Bang 2. Két qua danh gid mo6 hinh K-Nearest Neighbors (KNN) trén tap kiém tra

Dic tinh Do chinh xéc Do nhé Diém F1 Tap kiém tra
Meéo khoe 0,86 1,00 0,92 6,0
Meéo bénh 1,00 0,83 0,91 6,0
Do chinh xdc tong thé 0,92 12,0
Trung binh Macro 0,93 0,92 0,92 12,0
Trung binh trong s 0,93 0,92 0,92 12,0

Tuong tu nhu Logistic Regression, md
hinh KNN ciing dat d¢ chinh xac t6ng thé cao
(92%) trén tap kiém tra thé hién qua (Bang 2).
Precision va Recall déu t6t cho ca hai nhém,

v6i F1-score tuong duong (khoang 0,91 - 0,92).
biéu nay cho thdy KNN la mot lya chon thay
thé kha thi cho Logistic Regression trong viéc
chén doan CKD & meo.
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ROC Curve - KNN

1.0 1 = KNN (AUC=0.92)
@ Youden Optimal Point
,/
[ el
0.8 1 vl
//
/”
o 0.6 7 =
2 Pl
.
€ 04 g o
o -
2 -~
= ///
L
0.2 4 s
e
//
e
e
0.0 A
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

Hinh 3. Dudng cong ROC (Receiver Operating

Characteristic) cia mo6 hinh K-Nearest Neighbors

(KNN) (Ngudng t6i uu (Youden) = 0,6; ] = 0,83;
Se =0,83; Spe = 1,0).

Hinh 3 cho thay dudng cong ROC ctia md
hinh KNN c¢6 AUC la 0,92, thdp hon mét chit so
v6i Logistic Regression (0,94). Ngudng Youden
toi uu la 0,6 v6i do nhay 0,83 va do dac hiéu 1,0.
Mic du, AUC thip hon, nhung KNN van cé kha
nang phan biét tot gitia meo khoe va meo bénh.

KNN - Confusion Matrix

Actual
N w H (6]

(=]

Predicted

Hinh 4. Ma trdn nhdm lan cia mo6 hinh
K-Nearest Neighbors (KNN).

Hinh 4 cho thdy ma trdn nhim lan cta KNN
tuong tu nhu Logistic Regression, v6i mdt meo
bénh bi phan loai nhim la méo khoe. Diéu nay
cho thdy ca hai mé hinh déu c6 xu huéng mac 16i
tuong tu.

Bang 3. Két qua danh gia mo hinh Decision Tree trén tap kiém tra

Dic tinh Do chinh xac D6 nhé Diém F1 Tap kiém tra
Meo khoe 1,00 0,67 0,80 6,0
Meo bénh 0,75 1,00 0,86 6,0
Do chinh xdc tong thé 0,83 12,0
Trung binh Macro 0,88 0,83 0,83 12,0
Trung binh trong s6 0,88 0,83 0,83 12,0

Mo hinh Decision Tree c6 d¢ chinh xac tdng
thé thap hon (83%) so véi Logistic Regression va
KNN dugc trinh bay qua (Bang 3). Mic du, Recall
cho nhém meéo bénh la 1,00 (tat cA méo bénh
déu dugc phan loai dung), nhung Precision cho

nhom nay chi la 0,75 (mot s6 méo khde bi phan
loai nham la bénh). Diéu nay, cho thdy moé hinh
Decision Tree c6 xu hudng overfitting va tao ra
nhiéu duong tinh gia.
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ROC Curve - Decision Tree Decision Tree - Confusion Matrix
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Hinh 5. Dudng cong ROC (Receiver Operating
Characteristic) cia mo hinh Decision Tree
(Ngudng toi uu (Youden = 1,0; ] = 0,67; Se = 1,05
Spe = 0,67).

Hinh 5 cho thdy ring dudng cong ROC ctia
mo hinh Decision Tree ¢c6 AUC la 0,83, thap
hon dang ké so véi Logistic Regression va KNN.
Ngudng Youden téi uu la 1,0, véi d nhay 1,0 va
d¢ dic hiéu 0,67. Diéu nay, khing dinh raing mo
hinh Decision Tree c6 thé phat hién tit cd méo
bénh, nhung dong thoi ciing phan loai nham
nhiéu meo khoe.

Predicted

Hinh 6. Ma tran nhim 1an ctia mo6 hinh
Decision Tree.

Hinh 6 cho thdy ma tran nham 14n ctia m6 hinh
Decision Tree da phén loai dliing tit ca meo bénh,
nhung lai phan loai nham 2 meo khoe la bénh.
Diéu nay khéng dinh ring mo hinh Decision Tree
¢6 xu hudng tao ra nhiéu duong tinh gia.

Bang 4. Két qua danh gia mo hinh Random Forest trén tap kiém tra

Dic tinh Do chinh xéc D6 nhé Diém F1 Tap kiém tra
Meéo khoe 0,80 0,67 0,73 6,0
Meo bénh 0,71 0,83 0,77 6,0
Do chinh xdc tong thé 0,75 12,0
Trung Binh Macro 0,76 0,75 0,75 12,0
Trung binh trong s6 0,76 0,75 0,75 12,0

Tuong tu nhu moé hinh Decision Tree, mo
hinh Random Forest cling ¢6 d¢ chinh xac tong
thé tuong déi thip (75%) dugc trinh bay qua

(Bang 4). Precision va Recall déu khong cao, cho
thay mo hinh khong hoat dong tot trén tap di liéu
nay.
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True Positive Rate

ROC Curve - Random Forest

Random Forest - Confusion Matrix

5
1.0 7
7
/,/
o— P
0.8 1 //’ 4
-
L
///
0.6 /,/ § 3
g
- <
0.4 1 P
/”’ 2
0.2 1 7~
//’ —— Random Forest (AUC=0.94) 1
//’ @ Youden Optimal Point
0.0 1
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

Hinh 7. Dudng cong ROC (Receiver Operating

Characteristic) cia mo hinh Random Forest
(Ngudng toi uu (Youden) = 0,88; ] = 0,83; Se =
0,83; Spe = 1,0).

Hinh 7 cho thdy dudng cong ROC ctia Random

Forest c6 AUC la 0,94; cao hon Decision Tree
nhung van thdp hon Logistic Regression va KNN.

biéu nay, ciing cho thdy rang m6 hinh Random

Forest c6 kha nang phéan biét gitia meo khoe va

Predicted

Hinh 8. Ma trdn nhdm lan cia mo6 hinh
Random Forest.

meo bénh t6t hon mo hinh Decision Tree, nhung
van khong hiéu qua bang cac moé hinh tuyén tinh.

Hinh 8 cho thdy ma tran nham lan ctia Random
Forest mo hinh phan loai nhdm ca méo khoe va
meo bénh, cho théy hiéu sudt khong 6n dinh.

Bang 5. Két qua danh gia moé hinh Gradient Boosting trén tap kiém tra

Dic tinh Do chinh xac D6 nhé Diém F1 Téap kiém tra
Meéo khoe 1,00 0,67 0,80 6,0
Meo bénh 0,75 1,00 0,86 6,0
Do chinh xdc tdng thé 0,83 12,0
Trung binh Macro 0,88 0,83 0,83 12,0
Trung binh trong s6 0,88 0,83 0,83 12,0

Bang 5 cho thdy mo hinh Gradient Boosting

c6 két qua tuong tu Decision tree, do chinh xac

83%, Recall meo bénh 100% nhung do chinh xac
(Precision) cia nhém nay chi 0,75; cho thay c6
tinh trang duong tinh gia.
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ROC Curve - Gradient Boosting Gradient Boosting - Confusion Matrix
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Hinh 9. Dudng cong ROC (Receiver Operating
Characteristic) cia mo hinh Gradient Boosting
(Ngudng toi uu (Youden) = 1,0; ] = 0,67; Se = 1,0;
Spe = 0,67).

Hinh 9 cho th4y dudng cong ROC cua
Gradient Boosting c6 AUC la 0,83, tuong tu mo
hinh Decision Tree. Ngudng Youden t6i uu la
1,0, v6i do nhay 1,0 va do dic hiéu 0,67. Diéu
nay cho thdy Gradient Boosting tuong tu mo
hinh Decision Tree c6 thé phat hién tit ca meo
bénh, nhung dong thoi ciing phan loai nham
nhiéu méo khoe.

Hinh 10. Ma trdn nham 1an ctia md6 hinh
Gradient Boosting.

Ma tr4n nhdm lan cta Gradient Boosting
(Hinh 10) cho thdy mé hinh phéan loai dung
tdt ca méo bénh, nhung lai phan loai nhdm 2
meéo khoe 1a bénh. Diéu nay khéng dinh ring
Gradient Boosting c¢6 xu huéng tao ra nhiéu
duong tinh gia.

Bang 6. Két qua danh gia mo hinh Support Vector Machine (SVM) trén tip kiém tra

Dic tinh Do chinh x4c Do nhé Diém F1 Tép kiém tra
Meéo khoe 0,86 1,00 0,92 6,0
Meéo bénh 1,00 0,83 0,91 6,0
Do chinh xdc tng thé 0,92 12,0
Trung binh macro 0,93 0,92 0,92 12,0
Trung binh trong s6 0,93 0,92 0,92 12,0

Qua két qua Bang 6 cho thdy mo6 hinh
Support Vector Machine (SVM) dat d¢ chinh
xac tong thé cao (92%) trén tap kiém tra, tuong
tu nhu Logistic Regression va KNN. Precision

va Recall déu t6t cho ca hai nhém, véi Fl-score
tuong duong (khoang 0,91 - 0,92). Diéu nay cho
thidy SVM la mot lya chon t6t cho viéc chdn dodn
CKD & meéo.
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Hinh 11. Budong cong ROC (Receiver Operating
Characteristic) cia m6 hinh Support Vector
Machine (SVM) (Ngudng t6i uu (Youden) = 0,4;
J = 1,0; Se = 1,0; Spe = 1,0).

budng cong ROC ctia m6 hinh SVM (Hinh
11) c¢6 AUC la 1,00, cao nhat trong s6 cac mo
hinh. Piéu nay cho thdy SVM c6 kha nang phan
biét tot nhat gitia meéo khde va méo bénh.

Ma tran nham lan caa SVM (Hinh 12) tuong
tu nhu Logistic Regression va KNN, véi 1 meo
bénh bi phén loai nhim la meéo khoe.

SVM - Confusion Matrix

Actual
N w H w

[

Predicted

Hinh 12. Ma trdn nham 1an ctia md6 hinh
Support Vector Machine (SVM).

Mo hinh Naive Bayes c6 d) chinh xac tong thé
thap hon (83%) so v6i Logistic Regression, KNN
va SVM (Bang 7). Méc du, Recall cho nhém meéo
bénh la 1,00, nhung Precision cho nhom nay
chila 0,75. Diéu nay cho thiy Naive Bayes c6 xu
hudng tao ra nhiéu duong tinh gia.

Bang 7. Két qua danh gia mo hinh Naive Bayes trén tip kiém tra

Dic tinh D6 chinh xac D6 nhé Diém F1 Tap kiém tra
Meo khoe 1,00 0,67 0,80 6,0
Meo bénh 0,75 1,00 0,86 6,0
Do chinh xdc tdng thé 0,83 12,0
Trung binh macro 0,88 0,83 0,83 12,0
Trung binh trong s6 0,88 0,83 0,83 12,0
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Hinh 13. buong cong ROC (Receiver Operating
Characteristic) cia m6 hinh Naive Bayes
(Ngudng toi uu (Youden) = 0,51; ] = 0,67; Se = 1,0;
Spe = 0,67).

Hinh 13 cho thay duong cong ROC ctia Naive
Bayes c6 AUC 1a 0,81, thap nhat trong s6 cac mo
hinh. Diéu nay, cho thdy mé hinh Naive Bayes c6
kha nang phén biét kém nhat gitia méo khoe va
meo bénh. Hinh 14 cho thdy ma tr4n nham lan
ctia Naive Bayes da phéan loai nhdm nhiéu meo
khoe la bénh.

Hinh 15 cho thdy Duong cong ROC clia
SVM dat AUC = 1,00, vugt troi so v6i Logistic

ROC Curve
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Hinh 15. So sanh dudng cong ROC (Receiver
Operating Characteristic) ctia cac mo hinh.

08 10

Logistic Regression

Decision Tree

Random Forest

Gradient Boosting

Naive Bayes

Hinh 14. Ma trdn nham lan ctia mé6 hinh Naive
Bayes.

Regression (0,94), KNN (0,92), Random Forest
(0,94), Decision Tree (0,83), Gradient Boosting
(0,83), va Naive Bayes (0,81) trong chidn doan
CKD & méo. SVM t6i uu hoa phan biét véi TPR
=1,0 va FPR = 0,0 (nguéng Youden = 1,0), trong
khi cdc mé hinh khdac bi han ché béi overfitting
hodc gia dinh khéng pht hgp (John va ctv., 2010).

So sanh doé chinh xac gilta cac mé hinh

0.9444

KNN

0.9167

0.9444

SVM

1.0000|

0.8056

T T T T
0.4 0.6 0.8 1.0

Accuracy

L T
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Hinh 16. So sdanh d06 chinh xac ctia cic mo hinh.
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Hinh 16 cho thdy SVM cao nhit vé mtic do
chinh xdc ~0,92, phu hgp AUC = 1,00 (Hinh
15), nho t6i vu hoa siéu phang (Vapnik, 2013).
Logistic Regression va KNN dat ~0,92, Random

Forest va Gradient Boosting ~0,83 - 0,85,

Decision Tree va Naive Bayes ~0,83. SVM t6i uu
cho CKD & méo (dd chinh xadc ~0,92), v6i Crea,
WBC, Neu#, ALT, AST (P < 0.01) quan trong
(Chakrabarti & ctv., 2013).

Bang 8. Top 10 chi s6 anh hudng nhat dén du doan bénh than theo mé hinh Support Vector Machine

Xép hang Chi s6 Hé s6 anh hudng
1 Creatinine 1,178
2 Bach cau don nhan (Mon#) 0,824
3 Bach cdu (WBCQ) 0,806
4 Aspartate aminotransferase (AST) 0,716
5 Ni-to trong ure huyét (BUN) 0,646
6 Albumin (ALB) -0,527
7 Bach ciu trung tinh (Neu#) 0,415
8 Té bao lympho (Lym#) -0,355
9 Glucose (GLU) 0,336
10 Tiéu cau (PLT) 0,222

Bang 8 cho thdy mé hinh SVM chi ra ring
Crea la hé s6 anh hudng 16n nhit dén kha nang
du doan bénh than 6 méo (Hé s6 anh hudng =
1,178). Két qua nay hoan toan phu hgp véi vai
tro da dugc cong nhan roéng rai ctia Crea trong

danh gia chiic ning thin va chin dodn bénh than

Crea -

Mon# -

WBC A

AST A

BUN A

Feature

Neu# -

Lym# 4

GLU A

PLT 1

Top 10 chi tiéu quan trong nhét (Linear SVM)

ALB A

—0.50 -0.25 0.00 0.25 0.50 0.75 1.00
M(rc d6 quan trong (hodc Hé sb)

125

man tinh (CKD) (Hall & ctv., 2014). Crea la mdt
san phdm thai ctia qud trinh chuyén héa co bap,
dugc dao thai chua yéu qua than. Khi chiic nang
than suy gidm, néng d¢ Crea trong mau tang lén,
phan anh kha nang loc ctia cau than bi suy yéu.

Hinh 17. Mic do
quan trong cua cac
chi d4u sinh hoc
trong du doan bénh
thin ctla md hinh
Support Vector

Machine (SVM).
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Qua Hinh 17, cho thdy Crea cao hon hén so
v6i cac chi s6 khac vé mtic do anh hudng viéc
dy dodn CKD. Diéu nay khing dinh vai tro then
chét ctia Crea trong chdn doan CKD va cho théy
md hinh SVM da hoc dugc mdéi quan hé nay tu
dit liéu.

Qua két két qua Bang 9, cho thay Crea la chat
chi ddu sinh hoc ndi bat giap phan biét meo bi
CKD va meo khoe manh, véi mtc tang dang
ké (P < 0,001) tit 2,42 + 4,52 umol/L 1én 17,43
+ 18,34 pmol/L. V€ mat sinh ly thi Crea la moét
san phdm phu ctia qud trinh chuyén hoa creatine
phosphate trong co bap, noi cung cdp ning lugng
cho cac hoat dong co co va dugc thai ra ngoai
qua qua trinh loc ciu thin (glomerular filtration)

ma khong bi tai hdp thu dang ké & 6ng than. Su
gia tdng nay phan anh tinh trang azotemia va suy
giam glomerular filtration rate (GFR), cung c6
vai tro ctia Crea nhu chi d4u tiéu chuén cho CKD
6 meo, du c6 han ché & giai doan tién lam sang do
bién thién c4 thé (Lawson & ctv., 2015). O méo,
ddc biét nhiing con trén 15 tudi (30 - 50% méac
CKD) (Bartges, 2012), ndng d¢ creatinine tang
cao (P < 0,001) phan anh tinh trang suy giam
GFR, thuong di kém véi t6n thuong man tinh
6 cau than hoac 6ng than. Trong bdi canh tng
dung machine learning (ML), Crea c6 thé la chi
déu sinh hoc quan trong va khi két hgp véi cac
chi d4u khic nhu symmetric dimethylarginine
(SDMA) sé nang cao kha nang phat hién sém
(Bradley & ctv., 2019).

Bang 9. So sanh gia tri trung binh ctia 10 chi tiéu sinh ly va sinh h6a mau quang trong gitia méo khoe

manh va méo mic bénh than

Chi tiéu! Meo khoe Meéo bénh Chénh léch tuyét P
(X + SD) (X + SD) doi
PLT (109/L) 209,73 £ 98,63 283,83 £ 100,26 74,10 0,005
ALT (U/L) 65,50 + 28,60 117,37 £ 97,59 51,87 0,009
AST (U/L) 23,40 £ 11,32 70,50 + 78,54 47,10 0,003
GLU (mmol/L) 103,62 + 30,47 139,42 +£ 99,92 35,80 0,069
Crea (umol/L) 2,42 + 4,52 17,43 + 18,34 15,02 < 0,001
WBC (109/L) 11,14 £ 3,50 21,49 £ 10,83 10,35 < 0,001
Neu# (109/L) 7,38 £ 3,33 17,48 £ 11,20 10,11 < 0,001
HGB (g/L) 133,00 £ 30,03 123,17 £ 43,38 9,83 0,312
TP (g/L) 11,18 + 16,94 713 +1,29 4,05 0,202
BUN (mmol/L) 21,36 £ 8,50 23,72 + 8,43 2,36 0,284

IPLT: platelet, ALT: alanine aminotransferase, AST: aspartate aminotransferase, GLU: glucose, Crea: creatinine,
WBC: white blood cell, Neu#: neutrophil count, HGB: hemoglobin, TP: total protein, BUN: blood urea nitrogen.

’Independent t-test: ctia 2 nhém bién doc ldp phan phéi chudn.
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Ngoai ra, s6 lugng bach cau (WBC) va bach
cau trung tinh (Neu#) cling tang ro rét (P <
0,001), WBC dong vai tro quan trong trong hé
mién dich, gitp bao vé co thé khoi nhiém trung
va viém, WBC va Neu# chiém tu thé thi goi y
tinh trang viém hé théng hodc phan ting mién
dich man tinh lién quan dén t6n thuong than,
c6 thé do tac dong clia uremic toxins (Hokamp
& Nabity, 2016). Két qua nay tuong dong véi
cac bao cdo vé vai tro cia viém man trong tién
trién CKD & meo, ndi neutrophil-to-lymphocyte
ratio (NLR) ting cao & giai doan azotemic
(Chakrabarti & ctv., 2013). O méo bi CKD, WBC
tang cao khong chi phan anh viém ma con lién
quan dén stress oxy hda va ton thuong mo than.
Tuy nhién, muc ting c6 thé bién thién do nhiém
tring dong mac, doi hoi phan tich ky luéng dé
tranh chdn doan sai va viéc tich hgp thong tin
viém vao ML c6 thé cai thién kha nang du doan
va phan biét CKD véi cac bénh ly viém khac
(Sparkes & ctv., 2016).

DPang chu y, men gan ALT va AST ciing ting
c6 y nghia thong ké (P < 0,009), ALT va AST la
cac enzyme chuyén aminase, cht yéu dugc tim
thdy trong gan, nhung cling hién dién & mtc
thap trong thdn, co tim, va co xuong, van dé
nay c6 thé€ chi ra ring CKD c6 thé d6ng mic tén
thuong gan hodc r6i loan chuyén hoéa, phu hgp
v6i nhan dinh ctia Twedt (2006). Trong ML, cac
chi s6 nay c6 thé déng vai tro déc trung phuy, gitp
giam duong tinh gia khi phan biét CKD da co
quan t6i bénh & gan.

Ngugc lai, GLU, HGB, TP va BUN khong
khac biét dang ké (P > 0,05), GLU la ngu6n nang
lugng chinh, dugc diéu hoa béi insulin va bai tiét
qua than khi vugt ngudng tai hdp thu (khoang
180 mg/dL & meéo) va cé thé bién thién do ché
do6 an hodc stress cting nhu bién dong bdi nhiéu
yéu t6 ngoai than (Bartges, 2012). Phan tii HGB

van chuyén oxy trong mdu, thudng giam trong
CKD do thiéu mau (anemia) lién quan dén thiéu
erythropoietin ti than t6n thuong, Giam HGB
phan anh giai doan muén cta CKD, nhung
khong phai chi s6 chidn doan sém (Chakrabarti
va ctv,, 2013). BUN 13 san phdm chuyén hoa
protein, dugc than bai tiét, la chat chi ddu sinh
hoc phu cho CKD, nhay hon creatinine & giai
doan sém, nhung dé bi anh hudng boi ché do
an (Lawson va ctv., 2015). Trong ML, giam trong
s6 hodc loai bo cac dic trung nay gidp tranh
overfitting, tap trung vao chi dau dic hiéu hon
(Biourge & ctv., 2020).

4. Két Luan

Nghién ctiu cho thiy cdc mé hinh cia ML
ddc biét la Support Vector Machine, Logistic
Regression va K-Nearest Neighbors, dat do chinh
xac cao (92%) trong chdn doan bénh thin man
tinh & meéo, v6i SVM c6 kha nang phan biét vugt
troi (AUC = 1,00). Crea la chi s6 sinh hoc quan
trong nhat, cung v6i WBC, Neu#, ALT va AST,
cho théy su khac biét dang ké (P < 0,01) gitia meo
khoée va méo bénh. Cic mo hinh Decision Tree,
Random Forest va Naive Bayes kém hiéu qua
hon (75 - 83%), dé tao duong tinh gia.

Léi Cam Poan

Nhoém nghién ctiu khong c6 su tranh chédp va
cam doan chua tling cong bd bai bao nay trude
do.
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