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1. Giéi thiéu

Viéc c6 mot mo hinh phan tich dit liéu ciing dang 13 van dé duoc nhiéu nha thdng ké hoc quan
tam va xay dung, dic biét xay dung md hinh phan tich cho mét dbi tuong cu thé. Chinh vi vay
thong qua sir dung phan mém R [1]-[4], (mdt phan mém ma ngudn ma [5] véi nhiéu tinh ning uu
viét luon dugc cap nhat méi hang ngay dang 1a phan mém duoc nhiéu nha nghién ctu trén thé
gidi ciing nhur tai Viét Nam sir dung [6]) tac gia s& xay dung md hinh phan tich dit liéu vé bénh
tim mach dwa trén bo dir liéu vé bénh tim mach duogc sir dung trong giang day hoc tap va nghién
ctu tai Vién Nghién ctu cao cap vé toan (VIASM).

Thong thuong théng ké hoc thuong nghién ctru vin dé hay xir Iy dit lidu theo hai budc sau:

Budc 1: Théng ké mé ta.

Budc 2: Théng ké suy dién [7], [8].

Trong budc théng ké mo ta, chung ta thuong xi Iy di liu tir dang “thd”, tir bang 6 liéu ban
dau diéu tra dugc phai dua ra mot sb thdng tin téng quat nhu trung binh, phuong sai, mot s6 biéu
db thé hién dugc mdi quan hé gitra cac thugc tinh nghién ctru. Sau d6 sang budc thir 2 ding chinh
nhitng thong tin c6 duoc & bude 1 dé dua ra cac nhan dinh du doan, ddng thoi kiém dinh lai xem
nhitng nhan dinh dy doan d6 ¢ thé chap nhan duoc & mirc ¥ nghia bao nhiéu phan tram.

Viéc xay dung md hinh phan tich dix liéu cho bénh tim mach 1a qué trinh khai thac d liéu cu
thé [3], tap trung vao md hinh thdng ké dé kham phé thong tin hitu ich khi dua ra két luan trong
viéc hd tro diéu tri bénh nhan méc bénh tim mach.

2. Phuwong phap nghién ciru

Nghién ctru dinh tinh: Khai thac bang phan mém R tir bo dir liéu bénh tim mach dua ra cac
suy doan ho trg.

Phuong phap thong ké phén tich dung dé dua ra cac mo hinh thé hién méi quan hé thich hop
giita cac yéu to tac dong dén bénh tim mach, dua ra cac két luan hd tro diéu tri trong diéu tri bénh
tim mach.

Pham vi nghién ctu: Tir b dit liéu cu thé xay dung md hinh phan tich dir liéu bénh tim mach,
v6i md hinh nay khi thay bo dit liéu khac (dau vao khac) ta ciing duoc nhitng két luan (dau ra)
phu hop hd tro trong diéu tri bénh tim mach.

3. Két qua luan ban
3.1. Thong ké mo td

Dung céc cau lénh chinh sau dé c6 cai nhin tong quan vé bo dir liéu ban dau. Nhap dit liéu tir
moét file trén excel bang lénh:

» dI1 <-read.csv("D:/de tai nckh/2021/processed.cleveland.data™)

bt tén cho cac bién:

» names(dll) <- c("age", "sex", "cp", "trestbps”, "chol","fbs", "restecg", "thalach”, "exang",
“oldpeak”,"slope”, “ca", "thal”, num")

Xem tong quéat bo dit liéu:

> view(dll)

sex  cp  ftrestops  chol fbs restecg  thalach  exang oldpeak  slope @ thal num

140

3
1
1 2 120 236 0 0 178 0 08 1/00
3
1

Hlnh 1 Tong quan diz lieu bénh tim mach
B¢ dir liéu co 14 cot va 302 hang, cot 1 (Age): tudi; cot 2 (Sex): gidi tinh, 1 la nam 2 la nit; cot
3 (cp): kiéu dau nguc, gom: Gia tri 1: con dau that nguc on dinh, gié tri 2: dau that nguc khong
on dinh, gia tri 3: khong dau thét nguc, gié tri 4: khong cd triéu chang; Cot 4 (trestbps): huyét &p
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khi nhap vién (mm/Hg); Cot 5 (chol): cholestoral trong huyét thanh (don vi do mg/dl); Cot 6
(fbs): (dwdng huyét luc doi >120 mg/dl) (1: true; 0: false); Cot 7 (restecg): két qua dién tam do
Itc nghi gom: Gia tri 0: binh thudng, gia tri 1: c6 bat thuong song ST (dao nguoc séng ST chénh
Ién hodc xudng 16n hon 0,05 mV), gia tri 2: hién thi phi dai that trai c6 thé xay ra hoic xac dinh
theo tiéu chuin caa Romhilt-Estes. Cot 8 (thalach): nhip tim t6i da dat dugc; Cot 9 (exang): dau
that nguc do tap thé duc, gia tri 1 1a c6, gia tri 0 12 khong; Cot 10 (oldpeak): tram cam gay ra do
tap thé duc lién quan dén nghi ngoi; Cot 11 (Slope): d6 doc cua doan tap luyén dinh cao, gié tri 1:
d6 déc cao; gié tri 2: bang phang; gia tri 3: d6 doc thap; Cot 12 (ca): S6 lugng cac mach chinh (0-
3) khi sir dung noi soi huynh quang; Cot 13 (thal): bénh tan mau bam sinh, gia tri 3: trang thai
binh thudng; gié tri 6: trang thai khuyét tat c6 dinh, gia tri 7: trang thai khiém khuyét c6 thé hoi
phuc; Cot 14 (Num): cot chi trudng muc tiéu, theo muac d6 rdi loan chie nang: Hoi Tim mach
New York chia suy tim thanh 4 muc @6 1, 11, 111, IV dya theo triéu chimg co nang, vdi c&c gida tri
1,2,3,4 la cac muc do suy tim, con gia tri 0 la khong bi tim. Trén day 1a 14 thudc tinh co ban
trong bo 76 thuge tinh nghién cau, muc tiéu cua bai bao la tr bo dir lieu nay bang céc cong cu
chuyén biét ciia phan mém R c6 thé phan tich va dua ra duoc cac mdi quan hé giita cac yéu to dé
tir 46 gop phan dua ra cic théng tin hitu ich cho cac bénh nhan tim mach tir bo dir lidu da khai
thac duoc.
> Cau lénh: summary(dl1)
> summary(d11)

15t Qu.:48.00 15T Qu.:0.0000 15T Qu.:3.000 1st qu. 120 0 1st Qu.:211.0 1st Qu.:0.0000 1st Qu.:0.0000 1st qu.:133.2
Median :55.50 Median :1.0000 Median :3.000 Median :130.0 Median :241.5 Median :0.0000 Median :0.3000 Median :153.0

Mean  :54.41 Mean  :0.6788 Mean :3.166 Mean :131.6 Mean :246.7 Mean :0.1457 Mean :0.9868 Mean :149.6
3rd Qu.:61.00 3rd Qu.:1.0000 3rd Qu.:4.000 3rd Qu.:140.0 3rd Qu.:275.0 3rd Qu.:0.0000 3rd Qu.:2.0000 3rd Qu.:166.0
max. :77.00 Max. :1.0000 Max. :4.000 Max. 1200.0 Max. 1564.0 Max. :1.0000 Max. 12.0000 Max. 1202.0
exang oldpeak sTope ca thal num
min. :0.0000 min. :0.000 Min. :1.000 Length:302 Length:302 Min. :0.0000
1st Qu.:0.0000 1st Qu.:0.000 1sT Qu.:1.000 Class :character Class :character 1sT Qu.:0.0000
median :0.0000 median :0.800 Median :2.000 mMode :character Mode :character Median :0.0000
Mean :0.3278 Mean :1.035 Mean :1.596 Mean :0.9404
3rd Qu.:1.0000 3rd Qu.:1.600 3rd Qu.:2.000 3rd Qu.:2.0000

Hinh 2. Téng quan thugc tinh vai tham sé cua bé di lieu vé bénh tim mach.

V6i cau lénh nay cho cai nhin trong déi tong quan vé dit liéu: Min, Max 1 gia tri nho nhat va
gia tri 16n nhat cua thudc tinh, 1 st Qu: cho biét 25% dbi twong nghién ctru ¢ gi tri nho hon gia
tri Min. 3rd Qu: cho biét 75% dbi twong nghién ciru c6 gia tri thip hon gia tri Max [8].

»  Véi cau lénh pairs.panels(dl1)

Lénh nay gilp ching ta c6 cai nhin tong quan vé dit lidu ciing nhw moi lién quan gitra cac bién
(thudc tinh) voi nhau dé tir 6 chung ta di dén mot sb quyet dmh ChO budc suy dién tiép theo.

f@@ﬁﬁﬁﬂ@!ﬁ@@@@%

~ Hinh 3 Biéu do twong quan da bién . . .
Nhin hinh 3 ching ta thay, biéu do trén thyc chat 1a mot ma tran gom 2 phan. Phan dudi cua
ma tran la biéu do va duong biéu dién cho ting bién. Phan trén caa ma tran la hé so tuong quan,
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vé6i con sb chi mirc d6 tuong quan (c6 thé hiéu trong y hoc quy wdc gid tri tuyét ddi cua hé sb
tuong quan bé hon 0,3 la twong quan long léo va I6n hon 0,7 1a twong quan manh. Cac 6 trong
duong chéo vé phan bd cua ting bién. Pay 1a mot biéu d6 cung cap kha nhiéu thdng tin co ich.
Tuy nhién, khi sé bién nhiéu Ién thi biéu d6 rat kho doc. Véi sé lugng 14 thuoc tinh (bién) ma
chung ta dang nghién ciru thi biéu d6 ndy van rat phi hop. Vai céc bién tudi (age), bién huyét ap
Itc nghi (trestbps), cholestoral trong huyét thanh (chol), nhip tim téi da dat dugc (thalach) la 4
bién c6 hinh chudng can dbi, vay ta dy doan dugc cac bién nay tuan theo quy luat phan phi
chuan. C4c bién con lai c6 dang khdng gidng hinh chudng nén c6 thé khdng tuan theo quy luét
phan b chuan. Bé khang dinh chinh xéac cac bién nay c6 tuan theo quy luat phan bd chuan hay
khong ta c6 thé ding Iénh shapiro.test(x) dé kiém tra, vai bién can kiém tra, 1énh nay cho gia tri
p- value >0,05 thi bién d6 duoc coi 1a c6 phan phOI chuan [4], [5], [9].

Qua biéu d6 tuong quan da bién chlng ta thiy co cac dam may dir liéu gan gidng hinh chir
nhat det, ciing c6 nghia la cac bién tuwong ng s co mbi twong quan tuyén tinh voi nhau. Nhin
phan hé s tuong quan bén tay trai, ta nhan thay véi cac con sb 16n hon 0,3 ching to gitra 2 thudc
tinh d6 c6 mdi quan hé tuyén tinh véi nhau can thiét lap. Vay c6 7 hé 56 ¢6 gid tri tuyét ddi 16n
hon 0,3 chi hé sé twong quan giita 7 cap sau: (cp; num), (exang; num), (oldpeak; num), (slope;
num), (ca; num); (thal; num), (thalach; num) va day cung chinh 1a 7 cg@p thugc tinh ma ching ta

can quan tam. Trong thudc tinh thalach la thuoc tinh c6 mbi twong quan Voi exang, oldpeak,
slope, ca, num nhung chu yéu 1a twong quan nghich bién. Bén canh do, ta c6 thé sir dung lénh
boxplot dé vé duoc biéu d6 hinh hop cua mot s6 Cap trén nhu sau:

i

{Tmee

;pqﬁ

Hinh 4. Biéu @4 hinh hop chir nhat

Qua Hinh 4 nhan thy cac d6i tuong c6 mic do suy tim bac 11, 1, 1V thudc kiéu dau nguc
khong c6 tridu chiing, va cac bénh nhan suy tim déu cam thiy dau thit nguc do tap thé duc. Nhip
tim t6i da dat duoc cua cac bénh nhén ciing giam dan theo muc do suy tim.

DPé xem cac phan phdi cua cac thuoc tinh cling mot lac dé dua ra nhan dinh vé phan phéi
chuan cua ching, ching ta dung hé théng lénh:

»  op<-par(mfrow=c(2,3));hist(age); hist(sex);hist(cp);hist(trestbps); hist(chol);hist(fbs);
hist(restecg); hist(thalach); hist(exang); hist(oldpeak);hist(slope); hist(ca);hist(thal); hist(num)

Histogram of age Histogram of sex Histogram of cp Histogram of trestbps

ssssssss

0123 458%6 10 15 20 25 30 0 1 2 3 &

ggggg

Hinh 5. He thong bleu do cua 12 thugc tinh nghlen cuu
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Théng qua hinh 5 cho ta thiy, chi c6 4 thudc tinh: age; trestbps; chol; thalach c6 phan bé gan
v6i phan bo chuan. Tir didu nghi ngo vé phan bé chuan do dé khang dinh ching ta cé thé ding
lénh shapiro.test cho 4 thudc tinh nay dé kiém tra. Nhu vay, két qua ciia hinh 3 va hinh 5 ciing
cho két qua dy doan twong d6i giéng nhau.

3.2. Théng keé suy dién

Sau khi di c6 cai nhin trong dbi tong quan vé dir liéu, tiép dén ching ta s& dung dén phan tich
hoi quy tuyén tinh dé tiép tuc phan tich bo dit liéu trén. Trudc tién ching ta s& nghién cau moi
quan hé cua 3 thugc tinh chinh: age, chol, trestbps.

» data<-data.frame(age,chol,trestbps)

op<-par(mfrow=c(1,2))

plot(chol~age)

plot(chol~trestbps)

age

chol

20 30 w0 50

w0 W0 w0 @ 0

Hinh 6. Biéu do gid tri tién dodn cua age va plot Hinh 7. Biéu do gia tri tién dodn véi dg tin cdy 95%
VoI dé tin cdy 95%. cua 3 thugce tinh chol, trestbps, age.

Biéu d6 cho thay mot dam may khong c6 hinh chit nhét det, vay du doan dugc cac bién nay
khong c6 mai tuong quan tuyén tinh véi nhau. bé khang dinh lai mot 1an nita méi tuong quan
giira 3 thugc tinh nay c6 phai 1a mdi twong quan tuyén tinh hay khong, ching ta dung lénh:

»  pairs(data)

Nhin biéu do tong thé trén véi hi vong thudc tinh chol va trestbps 1a cac thudc tinh c6 mébi
quan hé tuyén tinh véi nhau, dé kiém ching dwgc didu d6 chung ta s dung lénh:
summary(Im(chol~trestbps)).

call: > logistic <-gIm( exang ~ num, family="binomial™)
Im(formula = chel ~ trestbps) > summary(logistic)
) . call:
Res-‘a?i-ls' 1q Median 3q Max gim(formula = exang ~ num, family = "binomial™)
-127.81 -33.24 -5.24 28.70 323.68 peviance rResiduals:
min 1q Median 3Q Max
coefficients: -1.7866 -0.8485 -0.6485 0.9239 1.8235
Estimate std. Error t value Pri=|t|)

(Intercept) 195.9904 22.3833 8.756 <2e-16 *** Coefficients: .
tresthps 0. 3855 0.1685 2.287 0.0229 * estimate std. error z value Pri>|z|)

(Intercept) -1.4522 0.1802 -8.060 7.64e-16 ***
Signif. codes: 0 feRR’ 0UOL %t 0.QL *' 0.05 C.7 0.1 ¢ ' 1 num 0.6942 0.1088  6.381 1.76e-10 ***

Signif. codes Q *wee’ 0.Q01 *%’ 0.01 *¥' 0.05 ‘.’ 0.1 ° "1
rResidual standard error: 51.5 on 300 degrees of freedom

Multiple R-squared: 0.01714, Adjusted R-squared: 0.01386 (pispersion parameter for binomial family taken to be 1)
F-statistic: 5.232 on 1 and 300 DF, p-value: 0.02287
Null deviance: 382.10 on 301 degrees of freedom
Residual deviance: 335.67 on 300 degrees of freedom
AIC: 339.67

Number of Fisher scoring iterations: 4
Hinh 8. M¢i quan h¢ giiza 2 thugc tinh chol va Hinh 9. Méi quan h¢ giira 2 thugc tinh exang va
trestbps num

Véi két qua nay cho thay, thudc tinh trestbps giai thich khoang 1,7% d6 dao dong phu thudc
tinh chol giira céc ca nhan, do phy thugc ndy rat thap gan nhu khong c6 y nghia trong y hoc. Hai
bién tiép theo ma chung ta dang hudng dén 1a exang (dau thit nguc do tap thé duc) va num sé
lwong nguoi bi bénh tim phan theo tirng muc d6. Sir dung ham lénh:

= tapply(exang,num,mean}
a

2 3 4
0.1411043 0.4545455 0.6111111 0.6371429 0.4615385
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Két qua trén cho thay hién twong dau thit nguc khi tap thé duc ciia mdi nhom duoc thé hién
qua gié tri trung binh.

Déi véi 2 bién exang va bién fbs 1 2 bién khdng lién tuc va mang tinh do Iudng nhi phan nén chiing
ta c6 thé str dung hdi quy logistic dé tim dugc md hinh t6i uu gitra cac bién doc 1ap va phy thudc.

Déi vai 1énh ndy, chung ta dang yéu cau R phan tich theo mé hinh exang 1a mot ham sé véi
bién s6 1a num. Trong ham Iénh glm c6 nhiéu luat phan phdi, ma trong d6 phan phéi nhi thic
(binomial) la mét luat phan phdi chuan cho hdi qui logistic. Két qua & dong thir hai phan anh d¢
khéc biét vé gia tri quan sat va udc tinh cua logit(p). Phan tiép theo cung cip cac hé sb trong
phuong trinh hdi quy va sai s6 chuan. Qua két qua nay, chung ta c6 o= -1,4522 va p= 0,6942, hai
s6 nay trai dau vay méi lién hé gitra d6 suy tim va nguy co dau that nguc do tap thé duc 1a méi
lien h¢ nghich ddo. Vay ching ta méi chi phén tich dugc mdi quan hé gitra 2 bién chol va
trestbps, nhung ching ta can tim dugc mot mol guan hé thich hop cho nhiéu bién, diéu ndy méi
thé hién duoc sy lién hé chat ché gitra cac yeu t6 voi nhau. Vi vay, st dung hdi quy logistic da
bién 1a mot cau tra loi hoan hao cho yéu cau trén. Tuy nhién, mét trong nhitng van dé kho khin
kha nan giai trong viéc sir dung hdi quy logistic da bién la chon mdt mé hinh dé ¢6 the mo ta day
du dir liéu hay md hinh téi vu (Pon gian, day du, c6 y nghia thuc té [4], [7], [8]). Pé tim dugc md
hinh tuong quan téi uu giita exang va cac yéu t6 con lai ta st dung lénh:

» temp <- glm(exang ~ .,family = "binomial", data=d|1)

search <- step(temp)

Véi 1énh ndy cho ta két qua ciia 9 budc tim kiém mé hinh hdi quy logistic nhu sau:

M6 hinh AlIC
exang ~ age + sex + cp + trestbps + chol + fbs + restecg + thalach + oldpeak + slope + ca + thal + num 319.55
exang ~ age + sex + cp + trestbps + chol + fbs + restecg + thalach + oldpeak + slope + ca + num | 315.82
exang ~ age + sex + cp + trestbps + chol + fbs + thalach + oldpeak + slope + ca + hum 313.82
exang ~ age + sex + cp + trestbps + chol + thalach + oldpeak + slope + ca + num 312.2
exang ~ age + sex + cp + trestbps + chol + thalach + oldpeak + slope + num 310.65
exang ~ age + sex + cp + trestbps + chol + thalach + slope + num 309
exang ~ age + sex + cp + chol + thalach + slope + num 307.81
exang ~ sex + cp + chol + thalach + slope + num 306.79
exang ~ sex + cp + thalach + slope + num 306.11

Hinh 10. M6 hinh hai quy logistic cua thugc tinh exang

Qua 9 budce tim kiém mé hinh véi ham exang ta thay thugc tinh nay phu thudc cha yéu vao 5
thugc tinh sex + cp + thalach + slope + num va day ciing 1a mé hinh cho thong s6 AIC 1a bé nhat
[5], [3], [10]. Can ctr vao thong tin nay co thé thiy 6 thudc tinh trén lién quan mat thiét dén nhau.
bay cung chinh 1a mo hinh dép tng 3 tiéu chuan: Pon gidn, day du, co y nghia thuc té. S¢ di mo
hlnh nay don glan vi chi ¢6 5 bién phu thudc trén tong sé 14 bién va mé hinh nay da tién doan
gan vai voi gia tri thuc té quan sat cua bién phu thudc exang. Day ciing 1a co s¢ cho céc suy doan
va nghién ciu tiép theo trong y hoc. Tiép tuc c6 thé sir dung hdi quy logistic d6i véi bién fbs, day
1a bién nhj thirc, muc tiéu tiép theo dé tim mot mé hinh don gian, ddy du cé y nghia thuc té nhat.
Str dung ham Iénh sau:

» templ <- glm(fbs ~ .,family = "binomial",data=dl1

search <- step(temp1). V&i cau lénh nay ta dwoc md hinh 13 budc tim Kiém nhu sau:

M& hinh AlC
fbs ~ age + sex + cp + trestbps + chol + restecg + thalach + exang + oldpeak + slope + ca + 265.94
thal + num
fbs ~ age + sex + cp + trestbps + chol + restecg + thalach + exang + oldpeak + slope + ca + 262.58
num
fbs ~ age + sex + cp + trestbps + restecg + thalach + exang + oldpeak + slope + ca + num 260.69
fbs ~ age + sex + cp + trestbps + restecg + thalach + exang + oldpeak + slope + ca 258.88
fbs ~ age + sex + cp + trestbps + thalach + exang + oldpeak + slope + ca 257.05
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fbs ~ age + sex + cp + trestbps + thalach + oldpeak + slope + ca 255.29
fbs ~ age + sex + trestbps + thalach + oldpeak + slope + ca 253.5

fbs ~ age + sex + trestbps + thalach + oldpeak + slope 251.84
fbs ~ age + sex + trestbps + oldpeak + slope 250.18
fbs ~ age + sex + trestbps + oldpeak 248.87
fbs ~ age + sex + trestbps 247.68
fbs ~ age + trestbps 246.96
fbs ~ trestbps 246.42

Hinh 11. M6 hinh hoi quy logistic cia thugc tinh fbs

Dbi vai thudc tinh fbs (dwong huyét lic doi >120mg/dl) d& thay thudc tinh nay chi phu thudc
vao trestbps (huyét ap khi nhap vién). Nhu vy, chung ta ciing s& loai bo thudc tinh nay khi
nghién ciru dén muac d6 suy tim. Va mét lan nira cho chidng ta nghi ngd vé méi quan hé giita cao
huyét ap va duong huyét luc doi; chinh vi vay ciing c6 thé dua ra mét gia thuyét méi trong y hoc,
dé tir d6 ta co thé ¢d nhiing nghién cuu tiép theo.

'Qua 2 md hinh trén khi st dung héi quy logistic giGp ching ta ¢é cai nhin khé téng quan vé
mdi tuong quan gura cac thudc tinh vai nhau, tuy nhién 1 han ché khi sir dung hoi quy logistic
chi nghién ciru trén cac ham nhan 2 gia tri 0 va 1 hay cac bién nhj thuc.

4. Két luan

Thong qua mé hinh phan tich di liéu cho bénh tim mach ta c6 thé dua ra mot s két luan
tuong ddi quan trong phuc vu cho y hoc:

MOt sb triéu chirng dau thit nguc khi tap thé duc la nhirng triéu chimg ban dau cho suy tim.

Nhip tim tbi da cua cac bénh nhan dat dwoc giam dan theo muac do suy tim tir I d&én V.

M6 hinh cac thudc tinh lién quan dén viéc dau that nguc khi tap thé duc caa céc bénh nhan
suy tim c6 lién quan dén 5 thudc tinh: sex + cp + thalach + slope + num.

Hoan toan loai trir dugc thuge tinh duong huyét lic doi va bénh suy tim, dong thoi cho ching
ta mot hudng nghién ciu méi 1a méi lién quan mat thiét gitta duong huyét lac doi va huyét ap khi
nhap vién.

Nhu véy, viéc xay dung dugc md hinh phan tich dit liéu da duoc xay dung gém 2 budc chinh:
Budc 1: Thong ké md ta; Budc 2: Thong ké suy dién di cho ta duoc nhitng két luan khé tha vi vé
bénh tim mach. Véi nhiing két luan nay chinh la goi y cho nhitng phwong an diéu tri bénh Iy hay
nhitng huéng mai cho nghién ctru vé bénh tim mach.
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