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Tom tit: Bénh tim mach (CVD) da cuép di khoang 19,1 triéu nguwoi, chiém 33% s6 ca
tir vong toan cdau vao ndm 2022 (theo thong ké cia WHO). ECG (Electrocardiogram) dwoc
ste dung dé chan dodn va theo doi CVD théng qua dién tam do. Gan dady, mot phwong phdp
dwa trén mdy hoc dwoc dé xudt de phat hién CVD som, hé tro chdn dodn nhanh va chinh xdc
hon. Trong nghién ciru nay, nhom tdc gia sw dung ky thudt may hoc co giam sat xday dung mo
hinh hé tro chan dodn bénh tim mach dua trén mét so triéu chung cdn ldm sang trong hai
tép dir liéu [1] [2]. Thuc nghiém dat do chinh xdc toan cuc (Accuracy - ACC) la 98.21%, ty
lé am tinh gia (False Negative Rate — FNR), ty ¢ duong tinh gia (False Positive Rate — FPR)
lan lwot 16 0.63% va 2.82%. T v 1é phdt hién cua mo hinh (Detect Rate - DR) dat 99.02% cuing
10 ddc trung su dung thudt toan Random Forest.

Tir khoa: Bénh tim mach, Phdt hién bénh tim mach, Mdy hoc.

I. Pat véan dé

Coéng tac cham séc strc khoe cong
ddng la mot trong nhiing van d& dugc quan
tam trén toan thé giéi. WHO tuyén bd
rang viéc cham soc, ting cudng suc khoe
1a quyén co ban cia con ngudi. Do do, cac
bénh man tinh (CDs) c6 anh hudng kha
16n va chiém mot ty 1é dang ké trong tong
s6 cac ca tir vong, mdt trong sb do 1a bénh
tim mach (CVD) [3]. Nguyén nhan chinh

" Truong Pai hoc Md Ha Noi
T Sinh vién, Truong Pai hoc M& Ha Noi

* Sinh vién, Truong Pai hoc Thuy Loi

gy ra la théi quen an udng khong lanh
manh, hut thude 14, ubng quéa nhiéu rugu
va 16i sébng khong chuan muc cua mot s6
nhdm ngudi trong cong dong.

Tai Hoa Ky (US), bénh tim mach
(CVD) la mot trong nhiing nguyén nhan
chinh gay tir vong [4]. Cac quc gia khac
trén thé gidi ciing dang giai quyét cac van
dé lién quan dén CVD. Theo mdt cong
bd gan ddy, cac bénh mén tinh la nguyén
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nhan gay ra 86.5% s ca tir vong & Trung
Qubc [5].

Tai Viét Nam sb ca tir vong baoi cac
bénh tim mach 12 hon 200,000 ca mdi nim
chiém khoang 33% tong sb ca tir vong
(theo théng ké ctia B Y té). Trong I, 2
thap nién gan day, ty 1¢ tang huyét ap ting
khoang 1.2 % mdi nam va chiém 26.7 % &
nguoi truong thanh. HE luy 1a cac bénh ly
tim mach lam tang nguy co ti vong do dot
quy 1én gip 4 1an va nguy co tir vong gip
3 lan [6]. Dé khic phuc tinh trang trén,
nhiing ngudi ¢6 kha ning mac bénh tim
mach can dugc phat hién va theo ddi som,
tur d6 dua ra li¢u trinh phu hop, tranh nguy
co tur vong.

Vi su phat trién manh mé cua khoa
hoc va cong nghé, nhét 1a trong linh vuc
tri tué nhan tao (Al), rit nhiéu (mg dung da
va dang lién tuc phat trién trong moi linh
vuc, trong do phai ké dén cac giai phap
tich hop Al dé hd tro chan doan, diéu tri
nhiéu nhém bénh trong Iinh vuc y té, mot
vi du cu thé hon d6 1a md hinh chan doén
kha nang méc bénh tim mach dua trén cac
s6 liéu duoc may moéc ghi nhén ty dong
lién tuc v&i tan suét cao va cac triéu chung
can lam sang khac.

Trong nghién cuu nay, nhom tac
gia dua ra md hinh d& xuét dé xay dung
tng dung hd tro chan doan bénh nhén ¢
nguy co mic cac bénh tim mach dua trén
cac triéu chuing 1am sang va cac thong tin
bénh an khac mdt cach nhanh chéng va
hiéu qua. Bai viét nay c6 c4u tric nhu sau:
muc I — Co s6 ly thuyét, thao luan vé mot
s6 nghién ctu lién quan dén chan doan
bénh tim mach str dung mo hinh may hoc;
muc Il — Phuong phap nghién ctu, trinh
bay v& md hinh dé xuét, chi tiét vé cac dac

trung trong bénh tim mach va s§ do danh
gia; Két qua thir nghiém dugc danh gia va
phan tich trong muc IV — Két qua va dénh
gia; Két luan dugc trinh bay trong muc V.

IL. Co s ly thuyét

Gan day c¢6 nhiéu cong trinh nghién
ctru cong bd dé xuat mo hinh hd tro chan
doan bénh tim mach dua trén may hoc.
Chithambaram T va cong su [7] da su
dung 4 thuat toan 1a SVM, cay quyét dinh,
Random Forest va KNN vao phan loai
bénh tim dat hiéu suat 86.2% khi sir dung
Gaussian SVM. Tuong tu, Satabdi Swain
va cong su [8] da thi nghiém trén dir licu
y té cia ngudi Framingham, trong d6 ¢
thong tin vé thoi quen, 161 sdng va tién st
bénh ctia ho vé6i 16 dic trung. Thiy ring,
thuiat toan Random Forest vuot trdi dat do
chinh xac 84.89%, trong khi thuat toan hoi
quy logistic, cdy quyét dinh, ANN dat do
chinh xéc lan luot 13 84.81%, 84.66% va
84.54%. Prof. Madhavi Tota va cdng su
[9] dd d& xudt md hinh may hoc dé chan
doan sir dung mot sb thuat toan cing tap
dir liéu véi 14 déc trung cia nguoi bénh,
dat hiéu suat tot nhat véi Random Forest
la 86.89% va XGBoost 1a 78.69%. KNN
hoat dong vdi do chinh xac kém nhat 1a
57.83%. Sujata Joshi va cong su [10] da
tién hanh phan loai bénh tim véi tap dir
liéu gdm 14 dac trung sir dung Random
Forest dat 92.2% va Naive Bayes dat 84.2
%. Takci H [11] dé chan doan da két hop
hai phuong phap hoc may va chon loc
dac trung. ACC dat 82.59% khi khong
chon loc dac trung va dugce cai thién Ién
84.81% khi chon loc, sir dung thuat toan
SVM-linear va Naive Bayes.

Vi két qua dat dugc tur cac nghién
chru trude ddy, hiéu suat chan doan, phat
hién chua cao, diéu ndy md ra nhiéu thach
thirc cho céc nha nghién ciru tim hiéu, cai
tién va phat trién mo hinh, tir 46 xay dung



cac hé théng hd tro chan doan, tu van diéu
tri cho bénh nhan nhanh chdng kip thoi.
Vi muc tiéu trén, nhom tac gia xem xét
cac dac trung tor 2 b dir li¢u bénh tim
mach [1] [2], lua chon dic trung dé giam
thoi gian huin luyén, ting hiéu ning su
dung thiét bi va hiéu suit chan doan.

II1. Phuong phap nghién ciru

Nhoém tac gia trién khai dya trén quy
trinh tong thé, duoc mo ta trong Hinh 1.
Quy trinh bao gdm 6 budc chinh: thu thap
dir liéu, tién xir ly dit lidu, cdu trac dir lidu,
huén luyén, chon loc, phat trién, xuét ban
mo hinh.

3.1. Hoc mdy c6 gidm sdt

May hoc c6 giam sat, may hoc khong
giam sat, hoc tang cuong la ba nhom ky
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thuat trong Iinh vuc hoc may. Tuy nhién,
véi dac thu bai toan 1a phan loai nhi phan,
do d6 nhém tac gia nghién ctru lya chon
may hoc ¢o giam sat dé huan luyén mo
hinh. May hoc ¢6 giam st cung cip hang
loat céc thuat toan nhu Hoi quy tuyén tinh,
Cay quyét dinh, Random Forest, SVM,
Naive Bayes, v..v. Mdy hoc c6 giam sat str
dung tap huin luyén dé huan luyén mo hinh
mang lai két qua mong mudn. Tap dir liéu
hudn luyén nay bao gdm dau vao va dau ra.
Thuat toan do do chinh xac ctia n6 thong
qua ham mat mat, diéu chinh cho dén khi
18i duoc giam thiéu [12]. Ngoai ra, nhém
tac gia sir dung phuong phép kiém tra chéo,
can bang dit lidu, giam nhidu dé tranh tinh
trang qua khdp va st dung ma trdn nham
1an dé danh gia, hiéu chinh mé hinh.

ﬂ Tién x@ Iy di¥ ligu

o= g

Dirlieu tho

|

Cau trac dir ligu

Thuat toan may hoc

Gl = ()= 67 =

Phat trién md hinh

Xuét ban mé hinh

]

Chon loc md hinh

Hinh 1: Tong quan vé quy trinh mdy hoc

K§ thuat may hoc dugc nhom tac gia
su dung trong nghién ctru nay 1a Random
Forest (100 cay), dugc chon sau khi thu

nghiém céac thuat toan: Random Forest,
cay J48, Naive Bayes, may hd tro véc to
(duoc trinh bay tai muc 4.2).

Dit liéu huéin Dit lidu hudin
luyén 2 eee luyén n

3
Thuat toan
hudn luyén n

Thuit todn

huén luyén 2 eee

Dir liéu hufin
luyén 1
Giai doan Thuit toan
huéin luyén huén luyén 1
Giai doan
kiém tra

\/

Binh chon,
Téng hop

y

Phan doan

-

Hinh 2: Thudt todn rieng ngdu nhién [13]
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Thuat toan Random Forest hoat
dong bang cach tao ra mot sd cdy quyét
dinh trong giai doan hudn luyén. Mdi cdy
dugc xay dung bang cach sir dung mot tap
con ngau nhién dir liéu dé do ludng ngiu
nhién trong mdi phan vung. Tinh ngiu
nhién nay tao ra sy khac biét gitra cac cay
riéng 1é, gidam nguy co qua muc va cai
thién hiéu sudt téng thé. Trong du doan,
thuét toan tong hop két qua cia tit ca cac
cdy, bang cach bo phiéu (d6i voi bai toan
phan loai) hoac ldy trung binh (d6i voi
bai toan hdi quy). Qua trinh ra quyét dinh
hop tac nay, duoc hd trg boi nhiéu ciy
v6i thong tin chi tiét ciia chiing, cung cép
mdt vi du vé két qua 6n dinh va chinh xac.
Random Forest dugc str dung rong rai cho
cac bai toan phan loai va hdi quy, dugc
biét dén voi kha nang xtr ly dir liéu phirc
tap, giam tinh trang qua muc va cung cip
du bao dang tin cdy trong cac moi truong
khac nhau.

3.2. Lwa chon dic trung

Trong nghién clru ndy, nhdm tac
gia phan tich mic do anh huéng cua cac
dic trung trong dir lidu gbe. Tur d6, giam
chiéu dir liéu bang cach luge bét mot sd

Tép dir liéu
hudn luyén

P e e
Tap dir liéu
| kiém thir

dac trung it anh huong ma tai d6 hi¢u suét
md hinh giam khéng dang ké. Muc dich
dé giam thoi gian huan luyén ciing nhu
tiét kiém hiéu niang cia may tinh. Két qua
dugc trinh bay tai muc 4.3.

3.3. Mo hinh phadt hién

Mo hinh nhém tac gia dé xuit sur
dung thuat toan Random Forest dugc chia
thanh 3 giai doan dugc minh hoa tai hinh
3: (a) Giai doan huin luyén: Tép dir li¢u
hudn luyén bao gdm ngudi bi bénh va
ngudi khong bi bénh. O giai doan 1, 12
dac trung ban dau sur dung 4 thuat toan
tai muc 3.1 dé lua chon ra thuit toan c6
hiéu suét cao nhit. Sau do, sir dung thuat
toan da lya chon dé dua ra bd phan loai
tam thoi; (b) Giai doan kiém thir: str dung
bd phan loai tam thoi dé kiém thu, sau do
danh gia mé hinh. Str dung thudt toan dé
kiém tra mirc anh huong cia cac dic trung
tur d6 luge bot dac trung it anh hudng quay
lai giai doan huén luyén cho dén khi chon
lwa duge mé hinh ti wu. (c¢) Giai doan
phat trién: st dung md hinh dé xay dung
g dung hd trg chan doan ngudi bénh c6
nguy co méc bénh tim mach.

Ung dung
chan doan

|
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Hinh 3: M6 hinh chdn dodn bénh tim mach dé xudt



3.4. Phwong phdp ddanh gid

Nhém tac gia sir dung cac do do
FPR, FNR, ACC, F1 dé danh gi4a m6 hinh:

- Ty 1€ duong tinh gia:
FP
R= ey
FP+TN
- Ty 1€ am tinh gia:
FN
NR = 2)
FN+TP
- bo do:
2TP
Fl=———M—— 3)
2TP+ FP+ FN
- b6 chinh x4c toan cuc:
LCC = TP +TN @
TP+TN + FP+ FN

trong do, TP 1a s6 luong ngudi bi bénh dugc
chan doan dung, TN la s§ luong ngudi
khong bi bénh dugc chén doan dung, FP la
sb luong ngudi khong bi bénh bi chan doan
thanh ngudi bi bénh (nhdm 13m) va FN la
s6 lugng ngudi bi bénh bi chin doén thanh
nguoi khong bi bénh (bd sét).
- Ty 1¢ kiém thur:
_ NCorrect
~ NTest

DR )

trong do6, NCorrect la sO mau chan doan
chinh xac, NTest la tong s0 mau kiém thur.
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IV. Két qua va thao luin

4.1. Tap di¥ liéu huin luyén va
kiém thir

Hai bd dir li¢u nhom tac gia sir dung
duoc lrfly tur mot trong nhimng bénh vién da
khoa & An Do [1] va 4 co so dit liéu 4y tir
Cleveland, Hungary, Switzerland, and Long
Beach [2]. Tur hai by dir li¢u nay trich chon
12 dac trung cung nhau dugc mo ta tai bang
4 vé6i 1,929 mau. Hai tap dir liéu nay hitu
ich cho vi€c phat hi¢n bénh tim & giai doan
dau va sur dung dé tao ra md hinh chén doan.
Tap dir licu hudn luyén chon ra 840 mau
binh thuong va 840 mau bi bénh. Tap dir
liéu kiém thir v6i 160 ngudi [1] va 89 nguoi
[2] bi bénh dugc mo ta trong bang 1.

Bdng 1: Di¥ liéu hudn luyén va kiém thir

Tap dir liéu | Binh thwong| Bi bénh

Nguondilieu | [1] | [2] | [1] | [2]

Huan luyén 420 | 420 | 420 | 420

Kiem thur 160 | 89

4.2. Lwa chon thudt todn

Pha hudn luyén, sir dung 4 thuat
toan may hoc, kiém tra chéo 10 lan dé xay
dung mo hinh. Hi¢u sudt mo hinh tot nhét
dugc mo ta tai bang 2, véi ACC va F1 lan
luot bing 98.21% va 98,28% vdi thuat
toan Random Forest (100 cay).

Bang 2: Hiéu sudt ciia mot s6 ky thudt
hoc may

Thuit todn ACC F1

Random Forest (100 cdy)| 98,21% |98,28%

148 95,29% 195,40%

Naive Bayes 88,39% |88,69%

Support Vector Machine | 69,64% |70,17%

Bang 3: So sdnh véi cdc cong bé trude day

Pé xuat S dung ACC
Chithambaram T va cong su [7] KNN, Random Forest, SVM,... 86,20 %
Satabdi Swain va cOng su [8] Random Forest, ANN, ... 84.89 %
Madhavi Tota va cong su [9] Random Forest, XGBoots, KNN,.. 86.89 %
Sujata Joshi va cong su [10] Random Forest, Naive Bayes 92.20 %
Cua ching t61 Random Forest (100) 98.21 %
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Mit khac, dé t6i uu hoa thuét toan,
1an lugt thay ddi sb cay sir dung 13 50, 100,
150 dat dugec ACC lan luot 1a: 98.20%,

98.21%, 97.92%. Do do, lua chon thuat
toan Random Forest véi s cay 1a 100 dé
huan luyén mé hinh va kiém thu.

Badng 4. 12 dic trung dé chan dodn bénh tim mach trong dataset

Ddc trung

Gia tri dic trung

Tudi

Tudi

Gidi tinh

1,0 (0 =Ni, 1 =Nam)

Kieu dau nguc

0, 1, 2, 3 (0: dau that nguc dién hinh, 1: dau that nguc
khong dién hinh, 2: dau khong dau thit nguc, 3: bt tinh)

Huyeét ap lic nghi ngoi
Cholesterol huyét thanh

94-200 (in mm HG)
126-564 (in mg/dl)

Luong dudng trong mau

0,1 > 120 mg/d1 (0 = Sai, | = Diing)

Két qua dién tam do luc nghi

0, 1, 2 (0: binh thudng, 1: ¢6 bat thudng song ST-T (séng
T dao ngugc va/hodc ST chénh 1én hodc chénh xuéng >
0,05 mV), 2: biéu thj phi dai thét trai c6 thé xdy ra hogc
x4c dinh theo tiéu chudn Estes)

Nhip tim tdi da dat dugc 71-202
Dau thit nguc do tap thé duc 0, 1 (0 =Khong, 1 =Co)
Dinh c¢ii =ST 0-6.2

Do ddc cua doan ST gang stc dinh diém

1,2,3 (1 —dbc lén, 2 — bing phang, 3 dbc xudng)

So lugng mach chinh

0,1,2,3

Str dung thuat toan Random Forest
xdy dung md hinh cung vdi tap dir li¢u
huin luyén tai bang 1. Mo hinh dé xuét
véi 10 dac trung nguoi bi bénh dat do
chinh xac ACC 1a 98.21%, FNR 1a 0.63%,
FPR 14 2.82% t&t hon so véi mot sé cong
b6 trude ddy, mo ta tai bang 3.

4.3 Két qud va ddinh gid

Str dung md hinh dé xuét véi thuat
toan Random Forest su dung 100 cay
kiém thur trén tép dir lidu 160 mau [1] va
89 mau [2] ngudi bi bénh cho ty 1é DR
duoc thé hién tai Bang 5. Mat khac, khi
luge bot 2 dac trung: lugng duong trong

méu va dau thét nguc do tap thé duc ¢6
mirc anh hudng thip nhat dé huén luyén
lai va kiém thr md hinh cho két qua: ACC
ctia mo hinh 1a 98.21%, F1 1a 98.28%, ¢
day c6 su thay dbi cac s6 do FNR va FPR
cu thé 1a 0.63% va 2.82% so véi 1.84%
va 1.73%. Nhu vay, ACC va F1 la tuong
duong, tuy nhién FNR giam va FPR tang
theo chiéu hudng tich cuc. Vi dac thu cac
bai toan chan doan, ty 1¢ 4m tinh gia cang
thip cang t6t. Mat khac, véi cac tép dir
liéu huan luyén I6n, thoi gian hudn luyén,
hiéu ning str dung thiét bi s& tot hon khi
st dung 10 dac trung.

Badng 5: Hiéu sudt mé hinh

M5 hinh ACC | F1 | FNR | FPR DR
Bo dit liéu 840 mau [1] va 840 mau [2] 160 mau [1] | 89 mau [2]
12 diic trung 98.21% 98.26% | 1.84% 1.73% 96.87% 95.62%
10 dic trung 98.21% 98.28% | 0.63% 2.82% 99.02% 99.01%




4.4 Xdy dung mo hinh vrng dung

Nhém tac gia xay dung mot Ung
dung dua trén mo hinh dé xuét dé hién
thuc hoa hd trg chan doan, ngudi ding
nhép céac thong tin bénh ly vao ing dung,
mg dung s& chan doan va dua ra két qua
mot nguodi co bi bénh tim mach hay khong,
minh hoa tai hinh 4.

# Du doan bénh tim mach - O X
Tusk 51 1
Gidi Tinh: Nam
Ki€u dau nguc: Kndng dau thatr |
Huyét ap lic nghi ngoi: 94
Cholesterol huyét thanh: 227
K&t qua dién tdm db lic nghi: C6 bét thuong s¢ v |
Nhip tim t&i da dat duoc: 154
Dinh cii = ST: 0

D8 déc clia doan ST géng sirc dinh diém: | Déc xudng v I

56 luong mach chinh: 1 |

Ban d& méc vin d& vé tim mach

Hinh 4: Man hinh ung dung
V. Két ludn

Chan doén, phat hién sém nguoi
bi bénh tim 13 nhu cau rat cip thiét hién
nay, véi muc dich du bdo nguy co mic
bénh tim mach, dong thoi cai thién do
chinh x4c trong chan doan bénh tim mach.
Nhoém tac gia dd nghién ciru chi tiét 12 dac
trung cua ngudi bi bénh, sau do lya chon
10 dic trung anh huong 16n dé xay dung
md hinh. Viéc giam chiéu dir liéu trong dé
xuat cta nhém tac gia lam ting hiéu qua
sir dung tai nguyén, giam thiéu thoi gian
huan luyén va kiém thir. Viéc sir dung hai
bd dir liéu tir 2 nguén khac nhau cho théy
dd tin cay cia mo hinh.

Két qua cua nghién ctru 1a kha kha
quan khi dat dugc ACC 98.21%, FNR
0.63% va DR 99.02%, tot hon so véi céc
nghién clru trudc day. Tuy nhién ciing ton
tai mot s6 han ché: (i) hai tap dir lidu ding
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dé huan luyén va kiém thir khong nhiéu
(1929 mau); (ii) khong lay dugc dir lidu
thuc t& bénh nhan bénh tim mach tai Viét
Nam dé thir nghiém. Dé tang hiéu suét,
do tin cdy ctia md hinh, nhém tac gia tiép
tuc nghién ctu, bd sung cac dac trung, sir
dung céc tap dir liéu 16n va da dang dé xay
dung tmg dung hd trg chan doan bénh tim
mach chinh x4c, hi¢u qua hon.
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CARDIOVASCULAR DISEASE DIAGNOSIS USING
SUPERVISED MACHINE LEARNING

Vu Xuan Hanh’, Nguyen Dinh Dung’, Vu Tuan Hiep™

Abstract: Cardiovascular diseases (CVD) claimed approximately 19.1 million
lives, accounting for 33% of global deaths in 2022 (according to WHO statistics). ECG
(Electrocardiogram) is used to diagnose and monitor CVD through electrocardiographic
recordings. Recently, a machine learning-based method has been proposed to detect CVD
early, aiding in faster and more accurate diagnoses. In this study, the authors utilized
supervised machine learning techniques to build a model for diagnosing cardiovascular
diseases based on certain clinical symptoms in two datasets [1] [2]. The experiment achieved
an overall accuracy (Accuracy - ACC) of 98.21%, a false negative rate (FNR) of 0.63%, and
a false positive rate (FPR) of 2.82%. The model s detection rate (DR) reached 99.02%, using
10 features with the Random Forest algorithm.

Keywords: Cardiovascular disease, Detection of Cardiovascular disease, Machine Learning.
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