12
Phan tich hdi qui logistic

Trong cac chuong trudc vé phan tich hdi qui tuyén tinh va phan tich phuong sai,
chung ta tim mo hinh va mdi lién hé giita mot bién phu thude lién tuc (continuous
dependent variable) va mot hay nhiéu bién doc 1ap (independent variable) hoac 1a lién tuc
hoic 12 khong lién tyc. Nhung trong nhiéu trudng hop, bién phy thudc khong phai 1a bién
lién tuc ma 1a bién mang tinh do luong nhi phan: c6/khong, mic bénh/khong mic bénh,
chét/séng, xay ra/khong xay ra, v.v..., con cac bién doc 1ap c6 thé 1a lién tuc hay Kkhong
lién tyc. Ching ta ciing mudn tim h1eu mdi lién hé giira cac bién doc lap va bién phu
thudc.

Vi du 1. Trong mdt nghién ctru do toi tién hanh dé tim hiéu mbi lién hé giita nguy
co giy xuong (fracture, viét tat 1 £x) va mat do xuwong ciing mot sb chi sb sinh hoa khac,
139 bénh nhan nam (hay no6i ding hon 1a ddi tuong nghién ciru) tudi tir 60 tro 1én. Nam
1990, cac s liéu sau day duoc thu thap cho mdi ddi tuong: do tudi (age), ti trong co thé
(body mass index hay BMI), mat d6 chat khoang trong xwong (bone mineral density hay
BMD), chi s6 hity xwong ICTP, chi sb tao xwong PINP. Cac ddi twong nghién ctru duoc
theo doi trong vong 15 ndm. Trong thoi gian theo doi, cadc bénh nhan bi gy xuong hay
khong gdy xuong dugc ghi nhan. Cau hoi dit ra ban dau 1a c6 mot mdi lién hé gi giita
BMD va . nguy co gdy xuong hay khong. S6 liéu ctia nghién ciru nay dugc trinh bay trong

phan cubi ctia chuong ndy, va s& trinh bay mot phan dudi day dé ban doc nim duoc van
de.

Bang 12.1. Mot phan s6 liéu nghién ciru vé cac yéu té nguy co cho giy xwong

id fx age bmi bmd ictp pinp
1 1 79 24.7252 0.818 9.170 37.383
2 1 89 25.9909 0.871 7.561 24.685
3 1 70 25.3934 1.358 5.347 40.620
4 1 88 23.2254 0.714 7.354 56.782
5 1 85 24.6097 0.748 6.760 58.358
6 0 68 25.0762 0.935 4.939 67.123
7 0 70 19.8839 1.040 4.321 26.399
8 0 69 25.0593 1.002 4.212 47.515
9 0 74 25.6544 0.987 5.605 26.132
10 0 79 19.9594 0.863 5.204 60.267
137 0 64 38.0762 1.086 5.043 32.835
138 1 80 23.3887 0.875 4.086 23.837
139 0 67 25.9455 0.983 4.328 71.334

O day, vi bién phu thudc (giy xuong) khong duoc do luong theo tinh lién tyc (ma
chi 1a co hay khong), cho nén phuong phap phan tich hdi qui tuyén tinh dé phan tich moi
lién h¢ gitra_ bién phu thudc va bién doc 1ap. Mot phuong phap phan tich dugc phat trién
tuong doi gan ddy (vao thap nién 1970s) c6 tén 1a logistic regression analysis (hay phan
tich hdi qui logistic) c6 thé 4p dung cho truong hop trén.



Trong nghién ctru nay, sau 15 nam theo déi, c6 38 bénh nhan bi gdy xuwong. Tinh
theo phan tram, ti 1¢ gdy xuong 1a 38 / 139 = 0.273 (hay 27.3%).

12.1 Mb hinh hdi qui logistic

Cho mét tan s bién cd x ghi nhan tr n ddi tuong, chung ta co thé tinh xac suét
ctia bién cb 6 1a:
X
p==
n
p ¢6 thé xem 12 mot chi s6 do luong nguy co cuia mot bién cb. Mot cach thé hién nguy co
khac 14 odds (mét danh tir, néu t6i khong 1am, chi c6 trong tiéng Anh — ngay ca tiéng
Phép, Puc, Tay Ban Nha ... cling khong c6 danh tir tuong duong véi odds). Toi tam dich
odds 1a kha ndng. Kha ning ctia mot bién cd duoc dinh nghia don gian bang ti s6 xac
suét bién cd xay ra trén xac suat bién c6 khong xay ra:

odds =L [1]
1-p

Ham logit cia odds dugc dinh nghia nhu sau:

logit(p) = log(lij [2]

-P

Méi lién hé giira p va logit(p) 1a mot mdi lién hé lién tuc (di nhién!) va theo dang nhu
sau.

logit(p)




| Biéu db 12.1. Mbi lién hé giira logit(p) va p, cho 1<p<0. |

Chu y: biéu do trén dugc veé bang céc 1€nh sau day:
p <- seq(0, 1, length=100)
p <- pl2: (length(p)-1)]
logit <- function(t)
{
log(t / (1-t))
}
plot(logit(p) ~ p, type="1l")

Cho mdt bién doc 1ap x (x ¢6 thé 1a lién tuc hay khong lién tuc), md hinh hoi qui
logistic phat biéu rang:

logit(p) = a + fx [3]

Twong ty nhu mo hinh hdi qui tuyén tinh, o va B 1a hai thong sb tuyén tinh can
phai u6c tinh tir dir liéu nghién ciru. Nhung ¥ nghia ctia thong sb nay, dic biét 1a thong
s6 B, rat khac véi ¥ nghia ma ta d3 quen voi md hinh hoéi qui tuyén tinh. Dé hiéu ¥ nghia
ctia hai thong s nay, t6i s& quay lai v6i vi du 1.

Vi du 1 (tiép theo). Vin dé ma ching ta mudn biét 1a mbi lién hé giira mat do
xuong bmd va nguy co gay xuong (£x). Pé tién cho viéc minh hoa, goi bmd 14 x, van dé
ma chiing ta cin biét c6 thé viét bang ngdn ngit mé hinh nhu sau

logit(p) =log (IL

ja+ﬂx [4]
-p

Noi cach khac:

odds(p) =—1 f?p =P

N6i cach khac, mé hinh hoi qui logistic vira trinh bay trén phat biéu rang mbi lién
hé giita xac suat gdy xuong (p) va mat do xuwong bmd 1a mot mbi lién hé theo hinh chir S.
Mb hinh trén con cho thdy xac suét gy xwong p tiy thudc vao gia tri ciia x. Thanh ra,
mo hinh trén c6 thé viét mot cach chinh xac hon rang khd ndng giy xuong véi diéu kién x
la:
odds(p|x)=e""™
Khi x = xo, kha ning gdy xwong 1a: odds(p|x=x,)=e"""

Khix = xo+ 1 (tuc taing 1 don vi tir x¢), kha nang gy xuong la:

odds(p|x=x,+1)= e Pl



Va, ti s6 cua hai xac suat gay xuong:

odds(p | x =X, +1) _ e Plor) 5]
odds(p|x=x,) e Fro

Trong dich t& hoc, ¢’ dugc goi 1a odds ratio. Odds ratio, nhu tén goi 13, i s6 khd ndng
hay # s6 kha di. Noi cach khac, hé sé B trong mé hinh hoi qui logistic chinh 14 ti s6 kha
di.

Phuong phap dé udc tinh thong s6 trong mo hinh [3] kha phuc tap (dung phuong
phap maximum likelihood — tirc phuong phap Hop i cuc dai) va khong nam trong pham
vi cua cudn sach nay, nén toi s€ khong trinh bay ¢ day (ban doc co the tham khao sach
gido khoa dé biét thém, néu can thiét). Tuy nhién, t6i mudn dé cap ngin gon la phuong
phap hop li cuc dai cung cip cho chiing ta mot hé phuong trinh nhu sau:

-1

I PE)
; X, = ; X, (1 + ef(‘i*’ﬁxf) )

Trong d6, Trong d6, y; 1a bién phu thudc (giy xwong véi gia tri 0 hay 1), va x; 1a
bién doc lap (mat do xuong), va n 13 s6 mau. Dé tim udc sd& va ,[3’ mot trong nhitng
phép tinh hay s dung 1a iterative weighted least square hay Newton-Raphson. R su
dung phép tinh Newton-Raphson dé tim hai udc s6 do.

Sau khi da c6 uwdc s6 @ va S ching ta cé thé udc tinh xac suat p cho bat cir gia tri
nao cua x nhu sau (sau vai thao tac dai so0):

eOA!Jr,‘gx 1

ﬁ: — = —
1+ 1+e_(‘“ﬂx)

Chu y t6i dung ddu mii p dé chi sd udc tinh (predicted value), chir khong phai p 1a xac
suat quan sat. Néu mo hinh mé ta dir liéu tot va day du, do khac biét gilta p va p nho;
néu mo hinh khong thich hop hay khong tot, do khac biét d6 co thé s& cao. Do khac biét
gitta p va p duoc goi la deviance. Phuong phap tinh deviance kha phtrc tap, nhung do
khong phai la chu dé o day, cho nén t6i chi noi qua khai niém ma théi. Khi chung ta c6
nhiéu mo6 hinh d€ moé phong mét hay nhi¢u m@i lién hé, deviance c(), thé duoc st dung dé
danh gid sy thich hgp ciia mdt mo hinh, hay d€ chon mgt mo hinh “t6i uu”.

12.2 Phan tich héi qui logistic bang R



Vi du 1 (tiép theo). Bay gio, ching ta quay lai véi vi du 1, dung s liéu trong
Bang 12.1 dé wdc tinh hai thong s6 o va p bang R. Trudc hét chung ta phai nhap toan bd
sb liéu vao mot data frame, va cho mét cai tén, chrfmg han nhu fracture. Trong
truong hop cua té1, dir liéu dugc chtra trong directory c:\works\stats dudi tén
fracture. txt, do do, cic 1€nh sau day can thiét dé nhap s6 liéu:

# bao cho R biét noi chta s liéu

> setwd (“c:/works/stats”)

# nhdp sb liéu va cho vao mdét data frame tén fracture

> fracture <- read.table(“fracture.txt”, header=TRUE, na.string=".")
# kiém tra xem cé bao nhié&u bién trong dit liéu fracture

> names (fracture)
[l] "id" "fX" llagell Hbmi'l "bmd" "ictp" "pinp"

# Chon nhitng bénh nhan cé didy du sb liéu cho phan tich

> fulldata <- na.omit (fracture)
> attach (fulldata)

Hai bién ma ching ta quan tdm trong vi du nay la: f£x (gdy xuong) va bmd (mat do
xuong). Ching ta kiém tra xem c6 bao nhiéu bénh nhan gay xuong:

> table (fx)
fx

0 1
101 38

Ké dén, xem mat d§ xuong trong nhom gay xuong va khong gay xuong ra sao:

> tapply(bmd, fx, mean)
0 1
0.9444851 0.9016667

> boxplot (bmd ~ fx,
xlab="Fracture: l=yes, 0=no)”,
ylab="BMD")
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Két qua trén cho thiy, bmd trong nhom bénh nhén bj gy xwong thip hon so v&i nhom
khong bi géy xuong (0.90 va 0.94). Va, kiém dinh t sau day cho thay mirc d6 khac biét
nay khong c6 y nghia thong ké (p = 0.15).

> t.test (bmd~fx)

Welch Two Sample t-test

data: bmd by fx
t = 1.4572, df = 53.952, p-value = 0.1508
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.01609226 0.10172922
sample estimates:
mean in group 0 mean in group 1
0.9444851 0.9016667

Pé udc tinh théng sb trong md hinh [4], ham sb glm (viét tit tir generalized
linear model) trong R c¢6 thé ap dung, vdi “ct phap” nhu sau:

> logistic <- glm(fx ~ bmd, family="binomial”)
> summary (logistic)

Call:
glm(formula = fx ~ bmd, family = "binomial")

Deviance Residuals:
Min 10 Median 30 Max
-1.0287 -0.8242 -0.7020 1.3780 2.0709

Coefficients:

Estimate Std. Error z wvalue Pr(>|z]|)
(Intercept) 1.063 1.342 0.792 0.428
bmd -2.270 1.455 -1.560 0.119

(Dispersion parameter for binomial family taken to be 1)



Null deviance: 157.81 on 136 degrees of freedom
Residual deviance: 155.27 on 135 degrees of freedom
AIC: 159.27

Number of Fisher Scoring iterations: 4
Toi s€ lan luot giai thich cac két qua trén:

(a)]TODglénhlogistic <- glm(fx ~ bmd, family="binomial”) chﬁngtayéucﬁu
R phan tich theo mé hinh f£x 13 mot ham sé v6i bmd nhu mé hinh [4]. Trong glm cé
nhiéu luat phan phdi, ma trong d6 phan phdi nhi phan (binomial) 13 mot ludt phan
phdi chuan cho héi qui logistic. Do d6, family="binomial” can thiét cho R.

(b) Deviance: phan thi nhit ctia két qua cho biét qua vé deviance.

Deviance Residuals:
Min 10 Median 30 Max
-1.0287 -0.8242 -0.7020 1.3780 2.0709

Deviance nhu giai thich trén phan 4nh d6 khac biét gitta mo6 hinh va dir li€u (cling tuong
tu nhu mean square residual trong phéan tich hoi qui tuyén tinh vay). Do6i véi mdt mod
hinh don 1¢ nhu vi du nay thi gia tri ctia deviance khong c6 y nghia gi nhicu.

(¢) Phan ké tiép cung cAp wéc sb ciia ¢ (ma R dit tén 1a intercept) va £ (bmd) va
sai s6 chuan (standard error).

Coefficients:

Estimate Std. Error z value Pr(>|z]|)
(Intercept) 1.063 1.342 0.792 0.428
bmd -2.270 1.455 -1.560 0.119

Qua két qua nay, chung ta c6 &= 1.063 va ,3 =-2.27. Ubc sb ,3 1a s6 am cho thiy mbi
lién hé gitra nguy co gdy xuong va bmd 1a mdi lién hé nghich déo: xac suit giy xuong
tang khi gia tri ctia bmd giam. Tuy nhién, kiém dinh z (tinh bang cach ldy u6c s chia
cho sai sO chuan) cho chiing ta thiy anh hudng ciia bmd khong c¢6 ¥ nghia thong ké, vi tri
sop=0.119.

Nh6 ring ti sb kha di (odds ratio hay viét tit 1a OR) chinh 1a ¢>*" = 0.1033. Noi cach
khac, khi bmd ting 1 g/cm? (don vi do ludng cua bmd 1a g/cm?) thi ti s6 OR giam 0.9067
hay 90.67%. Nhung ting 1 g/cm® 12 mat d6 rat cao trong xuong va khong thuc t&. Cho
nén mot cach tinh khéc 1a tinh trén d6 léch chuin (standard deviation) cua bmd. Chung
ta s& tim hiéu do 1éch chuén cua bmd:

> sd (bmd)
[1] 0.1406543

Do d6, OR s& tinh trén mdi 0.14 g/cmz. Va OR cho mdi d6 1éch chuan, do do, 1a:



e—2.27*0.1406 =0.7267

Tuc 13, khi bmd ting mot d6 1éch chuan thi ti s6 kha di gdy xuong giam khoang 28%.
Ciing c6 thé noi cach khac, 1a khi bmd giam mot d0 1éch chuan thi ti s6 kha di tang
270149 = 1 376 hay khoang 38%.

Mot cach khac dé biét anh huong cta bmd 1 wée tinh xac sudt gdy xuwong qua phuong
trinh:
el.063—2.27(bmd)

p= -
1 4 ¢! 063-227(bmd)

Theo d6, khi bmd = 1.00, p = 0.23. Khi bmnd = 0.86 (tirc giam 1 do léch chuan), p =
0.291. Tuc la, néu BMD gidm 1 d6 Iéch chuan thi xac suat gdy xuong tang 0.291/0.23 =
1.265 hay 26%5.

(d) Phan cubi cua két qua cung cép deviance cho hai mé hinh: mé hinh khong cé bién
doc lap (null deviance), va md hinh véi bién doc 1ap, tuc 1a bmd trong vi du
(residual deviance).

Null deviance: 157.81 on 136 degrees of freedom
Residual deviance: 155.27 on 135 degrees of freedom
AIC: 159.27

Qua hai s6 nay, ching ta thdy bmd anh hudng rat thip dén viéc tién doan gay
xuong, chi lam gidm deviance tir 157.8 xudng con 155.27, va muc do gidm nay khong co
y nghia thong ké.

Ngoai ra, R con cung cip gia tri cia AIC (Akaike Information Criterion) duoc
tinh tir deviance va bac tu do. Toi s€ quay lai y nghia ctia AIC trong phan sap dén khi so
sdnh cac mo hinh.

12.3 U&c tinh xac suat bang R

Xin nhic lai trong phan tich trén, ching ta cho cic két qua vao d6i twong
logistic. Trong ddi twong ndy co nhidu thong tin c6 ich, nhung néu mudn xem cac
thong tin nay ching ta phai ding dén céc 1énh nhu summary chang han. Trong phan
nay, t61 s€ trinh bay mot vai ham dé xem xét cac thong tin lién quan dén viéc tién doan
x4ac suat.

e predict diung dé liét ké cac gia tri wdc tinh (predicted values) cia mo hinh

log (ILJ =a + fx cho tung bénh nhan.

> predict (logistic)



1 2 3 4 5 6
2.377576584 1.085694014 -2.141117756 1.492824115 0.965379946 -0.941253280
7 8 9 10 11 12
-1.733686514 -1.675645430 -0.665282957 -0.507046129 -0.941854868 -0.648740461

Céc s6 trén 1a log(p / (1 — p)), tic log odds, khong c6 ¥ nghia hyc té bao nhiéu. Chung ta

1.063-2.27(bmd )

mudn biét gia tri tién doan xéac sut p tinh tir phuong trinh p = CEE TR Dé c6 gia tri
+e T

nay cho tirng bénh nhan, ching ta cho thong sé type="response” vao ham predict
nhu sau:

> predict(logistic, type="response")

1 2 3 4 5 6 7
0.91510135 0.74757001 0.10516416 0.81650178 0.72419767 0.28064726 0.15011664
8 9 10 11 12 13 14

0.15767295 0.33955387 0.37588624 0.28052582 0.34327343 0.44305196 0.23830776

Trong két qua trén (chi in mot phan) udc tinh xac suit giy xwong cho bénh nhan 1 1a
0.915, cho bénh nhan 2 14 0.747, v.v...

e Chung ta c6 thé xem xét cac gid tri tién doan nay véi dd bmd bang cach ding ham
plot thong thuong:

> plot (bmd, fitted(glm(fx ~ bmd, family="binomial”)))
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Xac suét tién doan giy xuong (truc tung) va do bmd (truc
hoanh) qua mo6 hinh héi qui logistic.




Biéu d6 trén c6 thé cai tién bang cach cho cac khoang cach gié tri bmd gan nhau hon
(nhu 0.50, 0.55, 0.60, ..., 1.20 chang han), va dung duong biéu dién thay vi dung dau
cham. Céc 1énh sau day s& cai tién biéu do.

logistic <- glm(fx ~ bmd, family="binomial”)

fnbmd <- seqg (0.5, 1.2, 0.05) #cho fnbmd tw > 0.50,0.55,0.6,...,1.2
new.data <- data.frame (bmd = fnbmd) #cho vao mdt dataframe mdi
predicted <- predict(logistic, new.data, type="response”)

plot (predicted ~ fnbmd, type="1")
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Xac suit tién doan gy xuong (truc tung) va do bmd (truc
hoanh) qua mé hinh héi qui logistic.

12.4 Phan tich hoi qui logistic tir sé liéu gian lwoc bang R

Trong qua trinh phan tich s6 liéu vira trinh bay trén day, ching ta c6 s6 liéu cho
tung bénh nhan va cac bién doc 1ap déu 1a bién lién tuc. Nhung trong nhiéu trudng hop
bién doc 1ap 1a bac thu (va boi vi bién phu thudc chi c6 hai gid tri 0 va 1) cho nén trén li
thuyét ching ta c6 thé tom lugc dit liéu bang cac bang tan sb (frequency table).

Vi du 2. Trong mdt nghién ctru vé anh huong cta théi quen hut thude 14, tinh
trang béo phi, thd ngdy (trong khi ngt) dén nguy co bénh cao huyét ap, cac nha nghién
ctru tom lugce s6 li¢u nhu sau (so6 li€u trich tir Altman, trang 353):

smoking obesity snoring ntotal nhyper
0 0 0 60 5
1 0 0 17 2




0 1 0 8 1
1 1 0 2 0
0 0 1 187 35
1 0 1 85 13
0 1 1 51 15
1 1 1 23 8
Téng sb 433 79

Bang 12.2. Tém lugce s6 lidu lién quan dén hat thude 14
(smoking), béo phi (obesity), ngdy (snoring), va
cao huyét 4p. ntotal la tong s6 bénh nhan cho timg
nhom, va nhyper la s bénh nhan trong téng s6 bi
bénh cao huyét ap. Cic bién sd smoking,
obesity, va snoring cé gid tri 0O=no va 1=yes.

Trong nghién ctru c6 433 bénh nhan, va trong sé nay 79 ngudi (hay 18%) bi bénh cao
huyét 4p. Tuy nhién, ti 1& nay dao dong kha cao theo timg nhém bénh nhan. Chang han
nhu trong nhém khong hut thude lé(smoking—O) khong béo phi (obesity=0) va
khong ngay (snoring=0), ti 1& cao huyét ap 13 8.3% (5/60). Trong khi d6 nhom vai 3
yéu to nguy co trén (smoklng 1, obesity=1, snoring=0) thi ¢6 hon 1 phan 3 hay
35% (8/23) bi bénh cao huyét ap.

Dé phan tich mbi lién hé giita 3 yéu té nguy co d6 va bénh cao huyét ap, trude hét can
phai cho so li€u vao R theo dting nhu bang so6 li€u trén.

> noyes <- c(“no”, “yes”) #dinh nghia bién noyes c6 2 gid tri
> smoking <- gl(2,1,8, noyes) #bién smoking
> obesity <- gl(2,2,8, noyes) #bién obesity
> snoring <- gl(2,4,8, noyes) #bién snoring
> ntotal <- c¢(60, 17, 8, 2, 187, 85, 51, 23)
> nhyper <- c¢(5, 2, 1, 0, 35, 13, 15, 8)
> data <- data.frame (smoking, obesity, snoring, ntotal, nhyper)
> data
smoking obesity snoring ntotal nhyper
1 no no no 60 5
2 yes no no 17 2
3 no yes no 8 1
4 yes yes no 2 0
5 no no yes 187 35
6 yes no yes 85 13
7 no yes yes 51 15
8 yes yes yes 23 8

Bay giod ching ta c6 thé sir dung ham glm dé phan tich s6 liéu. Trudc hét, chung ta phai
tao thém mot bién s6 proportion nhu sau:

> proportion <- nhyper/ntotal

> logistic <- glm(proportion ~ smokingtobesity+snoring,

family="binomial”,
weight=ntotal)

Chu y trong ham glm trén, chiing ta mo phong proportion nhu 1d mot ham s6 cua
smoking, obesity va snoring, van véi phan phdinhi phan (binomial), nhung



c6 thém mot théng sé weight=ntotal. Thong s weight yéu cau R sir dung
ntotal la mdt s6 tom lugc (thay vi mot bénh nhan). Bay gio, ching ta c6 thé xem qua
két qua phan tich:

> summary (logistic)

Call:
glm(formula = proportion ~ smoking + obesity + snoring, family = "binomial",
weights = ntotal)

Deviance Residuals:
1 2 3 4 5 6 7 8
-0.04344 0.54145 -0.25476 -0.80051 0.19759 -0.46602 -0.21262 0.56231

Coefficients:
Estimate Std. Error z value Pr(>|z])
(Intercept) -2.37766 0.38018 -6.254 4e-10 ***
smokingyes -0.06777 0.27812 -0.244 0.8075
obesityyes 0.69531 0.28509 2.439 0.0147 *
snoringyes 0.87194 0.39757 2.193 0.0283 *
Signif. codes: 0 '***' 0.001 '**' (0.01 '*' 0.05 '.' 0.1 " ' 1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 14.1259 on 7 degrees of freedom
Residual deviance: 1.6184 on 4 degrees of freedom
AIC: 34.537

Number of Fisher Scoring iterations: 4

Két qua trén cho thdy bién smoking khong c6 ¥ nghia théng ké; cho nén c6 1& ching ta
nén bo bien nay ra ngoai mé hinh va c6 mdt mo hinh don gian hon:

> logistic <- glm(proportion ~ obesity+snoring,
family="binomial”,
weight=ntotal)

> summary (logistic)

Call:
glm(formula = proportion ~ obesity + snoring, family = "binomial",
weights = ntotal)

Deviance Residuals:
1 2 3 4 5 6 7 8
-0.01247 0.47756 -0.24050 -0.82050 0.30794 -0.62742 -0.14449 0.45770

Coefficients:
Estimate Std. Error z wvalue Pr(>|z]|)
(Intercept) -2.3921 0.3757 -6.366 1.94e-10 ***
obesityyes 0.6954 0.2851 2.440 0.0147 *
snoringyes 0.8655 0.3967 2.182 0.0291 *
Signif. codes: 0 '***' 0.001 '**' (0.01 '*' 0.05 '.' 0.1 " ' 1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 14.1259 on 7 degrees of freedom
Residual deviance: 1.6781 on 5 degrees of freedom



AIC: 32.597

Number of Fisher Scoring iterations: 4

Phén tich phuong sai trén deviance sau ddy ciing khiang dinh obesity va snoring la
hai bién c6 anh hudng dén cao huyét ap:

> anova (logistic, test="Chisqg")
Analysis of Deviance Table

Model: binomial, link: logit
Response: proportion

Terms added sequentially (first to last)

Df Deviance Resid. Df Resid. Dev P(>|Chi])

NULL 7 14.1259
obesity 1 6.8260 6 7.2999 0.0090
snoring 1 5.6218 5 1.6781 0.0177

* Ve

12.5 Phan tich hoi qui logistic da bién va chon mé hinh

Mot trong nhitng van dé khé khan va c6 khi kha nan giai trong viéc phan tich hoi
qui logistic da bién 14 chon mot mo hinh dé c6 thé mo ta day du dir liéu. Mot nghién ciru
vO1 mot bién phu thudc y va 3 bién doc 1ap x, x, va x3, chiing ta c6 thé c6 nhitng mé hinh
sau day dé tién doan y: y = flx1), y = flxz), y = flxz),y = f(xl, x2), ¥ = flxi, x3), y = flxa,
x3), vay = flxi, X, x3), trong dofla ham sb. Noi chung vdi k bién doc lap X1, X2, X3, -
Xk, chliing ta co rat nhiéu mé hinh (2") dé tién doan y. Trong diéu kién c6 nhiéu mo hinh
kha di nhu thé, vin dé dit ra 1a mo hinh nao dugce xem 1a toi wu?

Cau hoi trén dat ra mot cau hoi co ban khac: thé nao 1a “to1 vu”? Noi mot cach
ngan gon mot mo hinh t61 uu phai dap tng ba ti€u chuan sau day:

e Don gian
e Paydu
e (C6y nghia thuc té

Tiéu chuan don gian doi hoi mo hinh c¢6 it bién s6 doc 1ap, vi néu qua nhiéu bién
s6 thi vAn dé dién dich sé tré nén kho khan, va c6 khi thiéu thuc té. N6i mét cach vi von,
néu chung ta bo ra 50.000 dong dé mua 500 trang sach tét hon 13 bo ra 60.000 ngan dé
mua cuing s6 trang sach. Tuong ty, mot md hinh v&i 3 bién doc 14p ma c6 kha ning mé ta
dir liéu trong dwong véi mo hinh véi 5 bién doc 1ap, thi mo hinh dau dugce chon. Mot mé
hinh don gian 1a mot mo hinh ... tiét kiém! (Tiéng Anh goi 12 parsimonious model).

Tiéu chudn ddy du ¢ ddy c6 nghia 1a mé hinh d6 phai mé ta dit liéu mot cach thoa
dang, tirc phai tién doan gan (hay cang gan cang tot) vaoi gia tri thyc t€ quan sat cia bién



phu thudc y. Néu gia tri quan sat cta y 13 10, va néu c6 mot mé hinh tién doan 1a 9 va
mot mo hinh tién dodn 1a 6 thi mé hinh dau phai dugc xem la day du hon.

Tiéu chudn “cé ¥ nghia thue t&”, nhu cach goi, c6 nghia 1a mé hinh d6 phai duoc
yém trg bang 1i thuyét hay co y nghia sinh hoc (néu 1a nghién ctru sinh hoc), ¥ nghia 1am
sang (néu 1a nghién ctru lam sang), v.v... C6 thé s6 dién thoai mot cach nao d6 co lién
quan dén ti 1 gdy xuong, nhung tat nhlen mot md hinh nhu thé hoan toan vo nghia. Day
1a mot tiéu chuan quan trong, boi vi néu mot phan tich thong ké dan dén mot mo hinh du
rat ¢6 ¥ nghia toan hoc ma khong co ¥ nghia thyc té thi mo hinh d6 ciing chi 1a mot tro
choi con s, tro choi toan hoc khong hon khong kém, chir khong co6 gia tri khoa hoc that
su.

Tiéu chuan tht ba (c6 nghia thyc t&) thudc vé linh vuc 1i thuyét, va toi s& khong
ban ¢ day. To1 s€ ban qua tiéu chuan don gian va day du. Mot thude do quan trong va co
ich dé ching ta quyét dinh mot mé hinh don gian va day du 13 Akaike Information
Criterion (AIC) ma chung ta d3 gip trong phan dau ctia chuong nay. Dé hiéu AIC, ching
ta quay lai véi vidu 1.

Xin nhic lai trong vi du 1, chiing ta mudn tién doan giy xuong (bién £x) tir cac
bién doc 1ap sau day: do tudi (age), ti s6 co thé (omi), mat do chat khoang trong xuong

(bmd), va hai chi s6 huy xwong (ictp) va tao xuong (pinp).

(a) Chung ta thir md hinh £x 14 ham s cua do tudi:

> attach(fulldata)

> summary (glm(fx ~ age, family="binomial”, data=fulldata))
Coefficients:
Estimate Std. Error z wvalue Pr(>|z]|)
(Intercept) -8.06447 2.72559 -2.959 0.00309 **
age 0.09806 0.03766 2.604 0.00922 **
Signif. codes: O '***' 0.001 '**' 0.01 '*' 0.05 '.'" 0.1 ' ' 1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 157.81 on 136 degrees of freedom
Residual deviance: 150.74 on 135 degrees of freedom
AIC: 154.74

Chung ta dé y thay residual deviance = 150.74, va AIC = 154.74. That ra, AIC dugc udc
tinh tir cong thirc:

AIC = Residual Deviance + 2(sd thong s6)

Trong md hinh trén, ching ta c¢6 2 théng s6 (intercept va age), cho nén AIC =
150.74 + 4 = 154.74.

(b) M6 hinh thtr hai ma chiing ta mudn so sanh 13 £x 13 ham sb cta ictp:

> summary (glm(fx ~ ictp, family="binomial”, data=fulldata))



Coefficients:
Estimate Std. Error z value Pr(>|z]|)

(Intercept) -3.9206 0.7726 -=5.074 3.89%e-07 ***
ictp 0.6066 0.1527 3.973 7.11e-05 ***
Signif. codes: 0 '"x*x' (0,001 '**' 0.01 '*' 0.05 '." 0.1 " "1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 157.81 on 136 degrees of freedom
Residual deviance: 139.15 on 135 degrees of freedom
AIC: 143.15

Ciing v6i hai thong s, nhung mé hinh ndy c6 gié trj residual deviance (139.15) nho hon
md hinh véi do tudi (150.74), va do d6 AIC ciing thap hon (143.15 so voi 154.74). Két
qua nay cho thdy mé hinh véi ictp mé ta £x ddy di hon 1a mo hinh véi do tudi. So
sanh nay cho thdy trong hai mé hinh nay, chiing ta s& chon mé hinh véi ictp.

(c) Bay gid chung ta thir xem mo6 hinh véi ictp va age.

> summary (glm(fx ~ ictp + age, family="binomial”, data=fulldata))

(Intercept) -8.25707 2.91403 -2.834 0.004603 **

ictp 0.55461 0.15665 3.540 0.000399 **x*

age 0.06398 0.04067 1.573 0.115701

Signif. codes: O '***' 0.001 '**' 0.01 '*' 0.05 '.'" 0.1 ' ' 1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 157.81 on 136 degrees of freedom
Residual deviance: 136.61 on 134 degrees of freedom
AIC: 1l42.61

Mo hinh nay véi 3 thong sé (intercept, age va ictp), nhung tri s AIC chi giam
xubng 142.61 (so v6i mo hinh véi ictp 1a 143.15), mot 46 giam rat khiém tén, trong khi
chung ta phai “tiéu” thém mot thong s6! Chung ta c6 thé két luan ring age khong can
thiét trong mo hinh nay. That vay, tri s6 p cho age 1a 0.115, tirc khéng c6 ¥ nghia thong
keé.

Qua ba trudng hop trén, ching ta ¢ thé rit ra mot nhan xét chung: mot mé hinh
don gian va diy da phai 1a mo hinh c6 tri s6 AIC cang thap cang t6t va cac bién doc lap
phai c¢6 ¥ nghia théng ké. Thanh ra, van dé di tim mot mé hinh don gian va day du la that
su di tim mot (hay nhiéu) mé hinh véi tri sé AIC thap nhat hay gan thap nhat.

T4t nhién, chung ta c6 thé xem xét nhiéu mo hinh khac bang cach thay thé hay
tong hop cac bién sé doc 1ap véi nhau. Nhung mot viéc 1am nhu thé rat phirc tap, doi hoi
nhiéu thoi gian va c6 khi rudm ra. R c6 mot ham goi 1a step c6 thé giup chung ta di tim
mdt md hinh don gidn va dﬁy da. Trong vi du trén, cach sir dung ham step s€ dugc
viét nhu sau:



> temp <- glm(fx ~ ., family="binomial”, data=fulldata)

Trong Iénh trén, thong $6 “fx ~ .”¢o nghia Ia tim tat ca cac bién doc 1ap (ki hiéu “.”)
dé tién doan fx trong dataframe fulldata. K&t qua cho vao doi tugng temp. Dé xem
két qua trong temp, chiing ta 1énh search nhu sau:

> search <- step (temp)

> search <- step (temp)

Start: AIC= 146.09

fx ~ id + age + bmi + bmd + ictp + pinp

Df Deviance AIC
- pinp 1 132.45 144.45

- id 1 132.47 144.47
- age 1 132.63 144.63
- bmi 1 133.41 145.41
- bmd 1 133.87 145.87

<none> 132.09 146.09
- ictp 1 148.90 160.90

Step: AIC= 144.45
fx ~ id + age + bmi + bmd + ictp

Df Deviance AIC
- id 1 132.81 142.81
- age 1 133.14 143.14
- bmi 1 133.66 143.66
- bmd 1 134.00 144.00
<none> 132.45 144.45
- ictp 149.05 159.05

=

Step: AIC= 142.81
fx ~ age + bmi + bmd + ictp

Df Deviance AIC
- age 1 133.32 141.32
- bmi 1 133.67 141.67
- bmd 1 134.33 142.33
<none> 132.81 142.81
- ictp 1 149.88 157.88

Step: AIC= 141.33
fx ~ bmi + bmd + ictp

Df Deviance AIC
- bmi 1 134.34 140.34
<none> 133.32 141.32

- bmd 1 135.65 141.65
- ictp 1 155.18 161.18

Step: AIC= 140.34
fx ~ bmd + ictp

Df Deviance AIC
<none> 134.34 140.34
- bmd 1 139.15 143.15
- ictp 1 155.27 159.27

Trong két qua trén, R béo céo cho chiing ta biét timg budc trong qua trinh di tim md mé
hinh t6i wu. Khéi dau la mo hinh véi tat ca 6 bién, va tri s6 AIC = 146.09. Budc thir hai



chi gdm 5 bién (loai bo pinp) va AIC = 144.45. Va véan van. Két qua c6 thé tom lugc
trong bang sau day:

M6 hinh AIC

fx ~ id + age + bmi + bmd + ictp + pinp 146.09
fx ~ id + age + bmi + bmd + ictp 144.45
fx ~ age + bmi + bmd + ictp 142.81
fx ~ bmi + bmd + ictp 141.33
fx ~ bmd + ictp 140.34

Két qua 5 bude tim mo hinh, R dimg lai véi mé hinh gdm 2 bién bmd va ictp vi c6 gia tri
AIC thap nhat. That ra, néu khong muon in tat ca cac bude di tim md hinh, ching ta chi
can lénh summary nhu sau:

> summary (search)

Call:
glm(formula = fx ~ bmd + ictp, family = "binomial", data = fulldata)

Deviance Residuals:
Min 10 Median 30 Max
-1.9126 -0.7317 -0.5559 0.4212 2.1242

Coefficients:
Estimate Std. Error z wvalue Pr(>|z]|)
(Intercept) -1.0651 1.5029 -0.709 0.4785
bmd -3.4998 1.6638 -2.103 0.0354 *
ictp 0.6876 0.1704 4.036 5.43e-05 **x*
Signif. codes: 0 '***' (0.001 '**' 0.01 '*' 0.05 '." 0.1 " " 1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 157.81 on 136 degrees of freedom
Residual deviance: 134.34 on 134 degrees of freedom
AIC: 140.34

Number of Fisher Scoring iterations: 4

Két qua nay don gian hon két qua clia hAm search, vi summary chi trinh by mé hinh
sau cing. N6i tom lai, trong phéan tich ndy, ching ta két luin rang bmd (mat do chat
khodng trong xuong) va ictp (marker vé chu trinh hiy xuong) 13 hai yéu t6 c6 lién hé
hay anh huong dén nguy co gy xuong.

12.6 Chon mé hinh héi qui logistic bang Bayesian Model
Average (BMA)

 Trong chuong 10, t61 da noi qua cach chon va xay dung mét mé hinh hoi qui
tuyén tinh bang tmg dung phép tinh BMA. Chung ta cling c6 thé img dung BMA vao
viéc xay dung mot mo hinh hoéi qui logistic.



Tiép tuc vi du 1, chung ta s& chuén bj dix liéu cho phan tich BMA béng cach chon
ra bién phu thudc (trong truong hop nay la £x) va mdt ma tran gébm cac bién doc lap.
Tiep theo do, ching ta sir dung ham bic.glm dé tim cac bién c6 anh huong dén £x.

> attach (fulldata)
> names (fulldata)
[1] "id" "fxll "agell "bmi" Hbmdll "ictpll llpinp"

# Chon cot 3 dén 7 (tir age dén pinp) lam ma tran bién doc lap
> xvars <- fulldatal,3:7]

# Chon fx 1am bién phu thudc

>y <- fx

# Goi ham bic.glm vdi cac thong s6 nhu sau:
> bma.search <- bic.glm(xvars, y, strict=F, OR=20, glm.family="binomial")

# Tom luoc két qua phan tich:
> summary (bma.search)

Call:
bic.glm.data.frame(x = xvars, y = y, glm.family = "binomial", strict = F, OR

9 models were selected

Best 5 models (cumulative posterior probability = 0.8836 ):

p!=0 EV SD model 1 model 2 model 3 model 4 model
Intercept 100 -2.85012 2.8651 -3.920 -1.065 -1.201 -8.257 -0.
age 15.3 0.00845 0.0261 . . . 0.063
bmi 21.7 -0.02302 0.0541 . . -0.116 . -0.
bmd 39.7 -1.34136 1.9762 . -3.499 . . -2.
ictp 100.0 0.64575 0.1699 0.606 0.687 0.680 0.554 0.
pinp 5.7 =-0.00037 0.0041
nVar 1 2 2 2
BIC -525.044 -524.939 -523.625 -522.672 -521.
post prob 0.307 0.291 0.151 0.094 0.

Két qua phan tich trén day cho thay xac sudt ma ictp 1a lién quan dén giy xuong
14 100%, trong khi d6, xac suat cho bmd chi khoang 40%. Nhung quan trong hon, mo
hinh “t6i vu” nhét 1a mo hinh véi ictp, va xac suit cho mé hinh nay 1a 0.307. M5 hinh
t6i wu thir hai gdm c6 ictp va bmd (cling 12 mo hinh dwa vao tiéu chuin AIC nhu mé ta
phan trén), nhung xac suat cho mo hinh nay thuong d6i thap hon (0.291). Ba md hinh
khac ciing c6 thé 1a “Gmg vién” dé mo ta xac sudt giy xuong ddy du. R& rang, qua phan
tich BMA, chung ta c6 nhiéu lya chon mé hinh hon, va y thirc duoc su bat dinh ciia mot
mo hinh thdng keé.

Biéu db sau day thé hién két qua trén. Qua biéu d6 nay chung ta thdy ictp la
yéu té c6 anh huong dén nguy co gdy xuong nhit quan nhat. Yéu td quan trong thu hai
c6 1€ 1a bmd hay bmi. Céc yeu t6 nhu age va pinp tuy ¢6 kha nang anh hu’O'ng dén
nguy co gdy xuong, nhung cac yéu t6 nay khong c6 d6 nhat quan cao nhu cac yéu td vira
ké trén.
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> imageplot.bma (bma.search)

Models selected by BMA

age

bmi

bmd

ictp

pinp

T T T T T 1
1 2 3 4 5 7 9

Model #

Xay dyng mo hinh thdng ké 13 mot nghé thuat toan hoc. Vi tinh nghé thuat cua
viéc 1am, nha nghién ctru phai can nhic rat nhiéu yéu t6 dé di ¢én mot moé hinh dep. Boi
vi m6 hinh 12 nhim myc dich mé ta thuc t&, mét mo hinh dep 14 mo hinh mo ta sat véi
thyc té&. Tuy nhién néu mot mo hinh phan anh 100% thyc té thi d6 khong con 1a “mo
hinh” nita, hay qua phire tap khong thé -ung dung duoc. Nguoc lai mot m6 hinh chi mo ta
thuc té khoang 1% thi cting khong thé sir dung duoc. Xay dung m6 hinh phai lam sao
tim diém can bang cho hai thai cyc d6. D6 1a mot yéu cau rat cao, cho nén xay dung mo
hinh khéng chi tily thudc vao cac phép tinh thong ké, toan hoc, ma con phai xem xét dén
cac yéu tb thuc té dé bao dam cho su hitu ich cia mo hinh. N6i nhu nha thong ké hoc ndi
tiéng George Box: “Mb hinh nao ciing sai so véi thuc té, nhung trong s cdc md hinh sai
do, c6 mot vai mo hinh c¢6 ich”.
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12.7 S6 liéu nghién clru vé nguy co gay xwong trong nam gi&i trén 60 tudi

e id: ma sbé bénh nhan

e fx: gdy xuong hay khéng (0=khéng gdy xuong, l=gdy xuong)

e age: d6 tudi

e bm: body mass index, tinh bdng trong luong chia cho chiéu
cao binh phuong

e bmd: (bone mineral density) mat d& chédt khodng trong xuong
dui.

e ictp: chi sbé sinh héa do ludng hoat tinh huy xuong

e pinp: chi so sinh hdéa do ludng hoat tinh tao xuong
id fx age bmi bmd ictp pinp
1 1 79 24.7252 0.818 9.170 37.383
2 1 89 25.9909 0.871 7.561 24.685
3 1 70 25.3934 1.358 5.347 40.620
4 1 88 23.2254 0.714 7.354 56.782
5 1 85 24.6097 0.748 6.760 58.358
6 0 68 25.0762 0.935 4.939 67.123
7 0 70 19.8839 1.040 4.321 26.399
8 0 69 25.0593 1.002 4.212 47.515
9 0 74 25.6544 0.987 5.605 26.132
10 0 79 19.9594 0.863 5.204 60.267
11 1 76 22.5981 0.889 4.704 27.026
12 0 76 26.4236 0.886 5.115 43.256
13 1 62 20.3223 0.889 5.741 51.097
14 0 69 19.3698 0.790 3.880 49.678
15 0 72 24.2215 0.988 5.844 41.672
16 0 67 32.1120 1.119 4.160 60.356
17 0 74 25.3934 1.037 6.728 40.225
18 0 69 23.8895 0.893 4.203 27.334
19 1 78 24.6755 0.850 7.347 38.893
20 0 71 27.1314 0.790 4.476 38.173
21 1 74 23.0518 0.597 4.835 35.141
22 1 76 23.4568 0.889 5.354 27.568
23 1 75 23.5457 0.803 3.773 36.762
24 0 70 23.3234 0.919 3.672 40.093
25 1 69 22.8625 0.870 4.552 29.627
26 0 71 22.0384 0.811 4.286 30.380
27 1 80 24.6914 0.859 5.706 37.529
28 1 79 26.8519 0.867 3.563 43.924
29 0 72 27.1809 0.717 3.760 39.714
30 0 78 23.9512 0.822 3.453 27.294
31 1 80 28.3874 1.004 5.948 33.376
32 0 79 23.5102 0.738 4.193 65.640
33 1 67 19.7232 0.865 4.443 36.252
34 1 84 27.4406 0.808 5.482 33.539
35 0 78 28.6661 0.955 8.815 42.398
36 0 65 23.7812 0.912 4.704 39.254
37 0 70 23.4493 0.857 4.138 75.947
38 0 67 25.5354 0.855 3.727 41.851
39 0 74 24.7409 0.959 3.967 42.293
40 0 73 22.2291 1.036 4.438 40.222
41 0 74 34.4753 1.092 7.271 45.434
42 1 68 32.1929 . 4.269 50.841
43 0 80 23.3355 0.759 4.856 31.114
44 0 78 22.7903 0.757 4.831 73.343
45 1 79 24.6097 0.671 4.870 69.924
46 0 72 27.5802 0.814 3.012 27.088
47 1 67 30.1205 1.101 7.538 35.487
48 0 70 25.8166 0.818 3.564 36.001
49 0 69 30.4218 1.088 3.826 33.833
50 0 67 28.7132 0.934 3.996 56.167
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.969
.794
.830
.057
.160
.811
.977
.063
.091
.741
.045
.066
.841
.015
.129
.030
.896
.106
.869
.837
.921
.118
.765
.752
.251
.839
.662
.844
.852
.795
.867
.997
.827
.023
.066
.874
.882
.718
.856
.052
.929
.953
.784
.120
.040
.028
.884
.943
.075
.057
.098
.014
.998
.905
.627
.052
.086
.818
.066
.198
.926
.193
.938
.863
.799
.969
.931
.071
.161
.786
.839
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.762
.350
.176
.738
.060
.263
.106
.970
.798
.908
.784
.527
.089
.041
.239
.096
.352
.823
.974
.689
.917
.832
.112
.249
.303
.860
.138
.069
.176
.328
.349
171
.569
L1111
.680
.298
.056
.739
.180
.737
.527
.593
.332
.510
.161
.930
.880
.692
.561
.709
.247
.958
.218
.553
.333
.425
.945
.786
.792
.257
.746
.437
.658
.246
.934
.054
.631
.222
.548
.832
.215

43.
39.

32.
44.
26.
27
41
36.
30.
31.
24
79.
57.
67.
29.
44
37.
46.
28.
29.
50
45.
39.
48.
41.
36.
39.
51.
27.
36.
53.
25.
19.
36.
43.

66.
34.
28.
23.
16.
47.
45.
36.
38.
36.
69.
25.
41.
23.
24.

29.
23.
53.
44 .
64.
96.
37.
28.

17

35.

32

48.
26.
22.
18.
36.

24

32.
26.

099
023

.595

550
757
941

.951
.188

045
198
339

.252

910
147
103
435

.291

348
229
738
667

.292

778
950
697
055
312
926
394
679
506
094
157
557
995
872

.523

974
597
102
008
132
410
674
302
301
560
500
948
322
896
344
390
020
621
352
788
360
473
406
.228
432
.293
702
709
769
629
555
.217
023
507
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124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
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64
70

67
68
66
64

69
67
67
68
59
66
71
64
80
67

34.
33.
29.
25.
25.
25.
26.
28.
25.
30.
33.
28.
25.
22.
24.
38.
23.
25.

5271
4554
0688
7276
6801
9701
4490
6990
6173
3871
6901
4005
4017
5710
4473
0762
3887
9455
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.042
.976
.765
L2777
.097
.793
.989
.822
.944
.245
.142
.860
172
.956
.918
.086
.875
.983
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.436
.541
.998
.877
.782
.991
.196
.565
.512
.603
.666
.890

.354
.633
.043
.086
.328

53.
26.
67.
22.

42

080
619
388
159

.286
38.
31.
45.
49.
46.
38.
32.

104.
36.
53.
32.
23.
71.

673
456
044
557
769
839
140
579
253
881
835
837
334



