Phan tich h i qui logistic
(logistic regression analysis)

NguynV nTun

Nhi u nghién cu y khoa (va khoa ft th ¢ nghi m n6i chung) cé nc tiéu chinh
la phéan tich mit ng quan giamt (hay nhiu)y ut nguy ¢ vanguy ¢ m c b nh.
Chnghnnh ivimtnghiéncuv mit ngquan giathdi quen hatthie la va
ung th phi,thiyut nguyc ay la théi quen hatthe laAva it ng phan tich la
nguy ¢ m c ung th phi. NoGitheo thutng dcht hc,yut nguyc chinh larisk
factors va it ng phéan tich ldutcome Trong cac nghién @ nay, it ng phan
tich th ng c th hi n qua cadc bn s nh phan, tc la cé/khébng m ¢ b nh/khéng
m ¢ b nh, ch t/s ng, x y ra/khdng xy ra, v.v... Y ut nguy c cé th la cac bin s
lient c (nh tu i, ap sut mdu, mt X ng, v.v...) hay cac bn nh phan (nh gi i
tinh) hay bin mang ctinhth b c (nh tinhtrngcabnhdao ngt “nh”, “trung
binh” n “nghiém tr ng”).

Vn t ra cho cac nghién a d ng nay la lam cachnao ctinh t ng
guan (magnitude of association) giy ut nguy ¢ va bnh. Cac ph ng phap phan
tich nh- m6 hinh hi qui tuy n tinh (linear regression model) khéng tip d ng c,
b ivi bi nph thu c (dependent variable) khéng!pka m t bi n liént ¢, ma la bin nh
phan. Vao thp nién 1970s nha ting ké h ¢ David R. Cox phét trn m t md hinh co tén
la “logistic regression model” (ma tdirh dch la “mé hinh hi qui logistic”)  phan tich
cac bin nh phan. Téi % gili thich cach ng d ng mé hinh nay quams vid t n
gi'ln nphctp. Toéi $ khdng ban n céc chi tit toan hc ¢ a md hinh hi qui
logistic, ma clt p trung vao cac khianhth ct vadindchktqu phan tich.

I. Phan tich h i qui logistic ngi nchonghiénc u ich ng

Vid 1. Nghiéncumit ngquangiaphinhimcht cdacamva
ungth tuy nti nli t. Giriva ng nghip (2004) tin hanh mt nghiéncus b
thhm nhmilién h gi aphinhimcht ¢ maudacam (Agent Orange — AO) va
nguy ¢ ung th tuy nti nli t (prostate cancer risk)cac cu chi n binh Mt ng tham
chin Vi tNamtr ¢ ay. Cac nhanghiénachfs oan 47 tr nghpungth tin
li ttuy nt ngtham chin. Sau 6, h ng8u nhién chn 144 cu chin binh ¢ng t ng
tham chin Vi t Nam va nay ntp vi n vi cac li do khéng lién quann ung th. G i
nhom nay la nhém(“ i ch ng” (control). ) m*i nhém, cac nha nghién g tim trong h
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s bnhlivapekngvntrctip bitailang i &t ngphinhi mAO trong thi
chin. Ktqgu chothytrongs 47tr nghpungth,cdé1llng it ngb phinhim

AO, 29 ng ikhbngtng b phinhim,va7ng ikhéngrd tins; trong nhédm i
ch ng c6 17 ng i khéng t ng b ph i nhi m, 106 ng i khéng t ng b ph i nhi m, va
21 ng ikhéngth x4c nhphinhim. Ktqu coth totm| ctrongbngs li usau
ay:

B ngl. Phinhi mAOvaungth ti nli ttuy n

Ung th ( ichng
(n=47) (n=142)
Ph i nhi m AO 11 17
Khong phinhi m AO 29 106
Khong r6 7 21
T ngs 47 144

Ghicht: nlas b nh nhan. Ngun s li u:Giri VN, Cassidy AE, Beebe-Dimmer J, Ellis
LR, Smith DC, Bock CH, Cooney KA. Association between Agent Orange arateprost
cancer: a pilot case-control study. Urology. 2004 Apr;63(4):757-60; discus$0nl7
Correction in Urology. 2004 Jun;63(6):1213

( minh h a cho phan tich hquituy ntinhva ngi'nhdéavn ,t0is gp
chung hai nhom “Khéng phnhi m AO” va “Khdng r8” thanh mt nhom chung. (Cach
lam nay cé thlamt tai phan tich khac!) Bigs li utrén, do 0, c6th ratg nnh
sau:

Ung th ( ichng
Ph inhi m AO 11 17
Khoéng phinhi m AO va khéng rd 36 127

Qua s li ntrén ay, co th th y 23.4% (hay 11/47) nhom ung thi n li t tuy n

t ng b phinhi m AO. Nhng t#l nay trong nhom ich ngla 11.8% (17/144). \h

tralacost ng quan nao ga phinhi m AO va ung th ti nli t tuy n hay
khéng? Cmt “s t ngquan” co thkhai tri n thanh hai cautic th :

Nguy c mcbnhungthtintittuyn nhngng itngbphi

nhim so vinguy ¢ nhngng ikhéngtng b phinhimla bao
nhiéu?
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( kh&c bitv nguy c ung th gi a hai nhdm c6 y ngh th ng ké hay
khéng?

M6 hinh phéan tich h qui logistic co th tr! | i hai cau K nay. Chts th ng ké
guantrng phantich sli ut cac nghién cu b nh — ch ng (case-control study) nh
trén lat s nguy c (odds ratiohay OR). ( c tinh OR, t6i phi gi'i thichtngb c¢
nh sau:

Ti ng Anhco mtdanht  md t nguy ¢ haykh n ngma cac ngdon ngAu A
khac (nh Phap, Y, Tay Ban Nha, Trung Qg Vi t Nam, v.v...) khéng c6:06 la danh t
odd Do 0,t6i s t mth ikhbngdch ch odd sang ting Vi t. N6i m t cach ngn g n,
oddlats cahaigidtrcamtbins nh phan Do 6,0Rlats c a hai odds
No6i cach khac, OR 1&s ¢ ahai#s ! Trong vi d trén, chung ta co:

odd mc ung th trong nhém tng b ph i nhi m AO la: 11/17 =
0.647,

odd mc ung th trong nhém khéng hg b ph i nhi m AO la:
36/127 = 0.283;

va odds ratio nc b nh ung th trong nhom tng b ph i nhi m so
v i nhédm khéng tng b ph i nhi m la: OR = 0.647 / 0.283 =
2.28.

Th tra, OR tng co th tinh ngn g n b-ng m t cong th c:

11 127
17 36

OR =2.28

Noi cach khac, nguy cm ¢ b nh ung th ti nli ttuy n trong cac cu chi n binh
t ng b phi nhi m AO cao hn cdc cu chin binh khéng tng b ph i nhi m AO
kho'ng 2.3 In.

Nh ng vi ayla mtnghién cu d a vao mt m&u duy nht, va c tinh trén ay
c6 th dao ngt m& nay sang &u khac. Nén nhr-ng, OR la mt c tinh —
estimate — ca mt OR tht — true OR — ma ching ta khongtbirong thct. Ch#s
nguy ¢ thtnaycéothdao ngbtth ngt thphnl ncaohnl. NuORtht
thphnl thi i unaycongla nhngng it ngphinhimAO cé nguy c ung

Ch ng trinh hu nluy ny khoa YKHOA.NET Training— Nguy nV nTu n 3



th th ph nnh ngng ikhongtngphinhi mAO; mtch#s ORth tcaohn 1 cho
bi tnh ngng it ng phinhi mAO c6 nguy c ung th cao hn nh ng ng ikhéng
t ng phinhi mAO; va nu OR tht b-ng 1 thi i u nay c6 ngta la khéng c6 mi lién
h nao giaphinhi mAOvaungthti nli ttuy n.

Vith , cau R th hai(vacé'l quantrnghn)lamit ngquan nhphnanh
gua OR c6 y ndla th ng ké hay khéng? Noi cach khacumghiéncutrén clpli
rtnhiul.n,thi dao ngcaOR labao nhiéu? N nghién cu clpli(chng
h nnh) 100 Ln, va 95 nghién wchora ¢cs ORdao ngt 1.1 n38,vab
nghién cu cho thy OR thp h n 1.1 hay cao m 3.8, thi ching ta c6-bg ch ng
phét biu r-ng milién h gi a phinhim AO vaungthtinlittuyncéy ngha
th ng ké- statistically significant

Néi cach khac, chung tarmpHi ¢ tinhsai s chu n (standard errof cho OR
va khdng tin cy 95% ca OR. Vi OR |la mt t#s , cho nén vic c tinh sai s chh
cho OR khéng thti n hanh trc ti p c(hay cnhngrtphctp), maphi c
tinh b-ng cac ph ng phap gian tp. M t trong nhng ph ng phap gian tp 6 la
ph ng phap Woolfvaquitrinh ctinhcé6thmét t ngb c¢nh sau:

Tr ¢ ht, chdng ta hoan chug OR sang n v logarit (natural
logarithm):

logOR =1og(OR) =log(2.28) = 0.824

B cth haila ctinhsaischwf (t mcho ki hiu SE) calogOR qua
cong th c sau ay:

SE=\/1+i +—1 +—1 =0.430
11 17 36 127

B cth ba, theo lut phan phi chwes, khd ng tin cy 95% c a logOR
la: logOR * 1.968E,va trong tr ng h p trén, khéng tin cy 95% ca
logOR la:

0.824 — 1.96x0.430 = -0.0188
0.824 + 1.96x0.430 = +1.6668
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Vi nv v atinhlalog, cho nén bcth t la hoan chuyn khd ng tin
c y95% sang nv t#s nh Iuc ban. u:

e*%=098 n &'%%%=530

K tqu phan tich trén cho tly tinh trung binh, OR la 2.28, nhg khd ng tin cy
95% caORdao ngt 0.98 n5.30. NGi cach khac,anghiéncutrén clpli
100 L n, $' c6 95 nghién au cho thy OR co6 th th p h n 1 (0.98) hay thm chi cao n
5.30.

( n ay,changtacé kqu  phat biu cho cau tith hai. B ivi kholng tin
cy95% coththphnlmactngcédth cao hn 1, cho nén ching ta phat bir-ng
m iliénh gi aphinhi mAO vanguycm cungth tuy nti nli tkhéng co y ng
th ng ké. Xin nhn m nh, ay chfm ila m tk tlu n th ng k&, va téi chaban ny
ngha c a s li u nay trén quani m lam sang vi n6 khéng- m trong phm vi c a tho
lu n.

[I. M6 hinh h i qui logistic

Vi d trén minh ha cho ph ng phédp phan tich hqui logistic mang tinh “th
cbng”. Thtra, md hinh hi qui logistic c6 th th hi n b-ng m t mdé hinh chung. G p
la xac sutc amts ki n(trongvid trén, “s ki n” aylabnhungth tuyntin
li t),thioddcéth nhngls nh sau:

odd=—P_
1- p

G itinh tr ng phinhi m AO lax, vax c6 hai gia tr. 0 c6 nglfa l1a khdng tng b
ph i nhi m, va 1 biu hi n cho tinh trng t ng b ph i nhi m AO. M®& hinh hi qui
logistic phat biu r-ng log(odd) tuy thuc vao gia trc ax qua mt ham s tuy n tinh
g m 2 théng s nh sau:

log(odd) =a +b x+e
hay,

log P —a+bx+e [1]

1-p

Ch ng trinh hu nluy ny khoa YKHOA.NET Training— Nguy nV nTu n 5



P
1-p
logistic); a vabla haithbngsc.n ctinht d li u,vaelaphnd (residual), tcla
ph. n khéng th gi'i thich bngx. Li do hodn chuynt p thanhlogit(p) la vip c6 gia tr
trong khdng 0 va 1, trong khi 6 logit(p) c6 gia tr v gi i h n va do 6 thich hp cho
vi ¢ phén tich theo mé hinhinqui tuy n tinh.

Trong 6, log(odd) haylog con c gila logit(p) (va do 6, mi coO tén

M6 hinh trén dgi  nh rng etuan theo lut phan phi chuesd (normal distribution)
v i trung binh bng 0 va ph ng sai bt bi n (constant variance). Vgi! nh nay, gia

tr ki v ng (expected value) hay gia trung binh ca log li cho btc giatr nao

c axla:laa+bx (vigia tr trung binh ca ela 0). NOi cach khac, odd bing th, t
ph ngtrinh [1], la:

odd=—P_ = gxe [2]
1-p

Nh v y md hinh hi qui logistic phat biu rngoddc amts ki n (ung th
tuy n ti n li t) tuy thu c vaox (tinh tr ng ph i nhi m AO). D a vao ph ng trinh [1],
nhom khéng bph i nhi m (x =0) c6 odd bung th (g it t odd) la:
odd, = €7 °=8& [3]
va nhém tng b ph i nhi m (x = 1) cé odd bung th (odd))la:
odd = €' = & [4]

T#s c¢ a hai odds chinh la odds ratio (v& chinh la li do ti sao t6i dch odds
ratiolat s nguyc). T#s nguyc —OR -coth ctinht [3]va[4] nh sau:

+b
R:m :él_ = é’

odd, ¢ g

Trong th c t, ching ta khéng bi gid tr th t ¢ a hai thdng s a va b, va pHhi
ctinht s liuquansat c¢. Theo qui cthngké cs (estimates) a hai
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théngs nady ckihiuhéabngdum : 4 vab. Nh trongtr nghpvid 1, c
s c athéngs bla b =0.824. Do 6, OR phin anh odd bung th trong nhém bph i

nhi m AO so vi odd trong nhom khéng bg b ph i nhi m AO. Trong vi d 1, e =
e”8%4=2.28.

[I. ctinhthongs ¢ ambé hinhh iquilogistcb ng R

Nh v a trinh bay, ph ng phap c tinh OR va khing tin cy 95% tuy n
gi'n, nh ng kh& dai dong. Trong trng h p cé nhiubin c | px,ph ng phaptinh
toan phct p h nva phan tiching ph ng phap th céng nh trén § t n nhi u thi gi .
Ngay nay, may tinh va cac phm m th ng ké cé th cung cp cho chdng ta nt ph  ng
ti n phantichth uhi u. M ttrong nhng phn m m chuyén phan tich ting ké co tén

nglnlaR matdi acodp giithi utrong cun sach Phantichsli uvatobiu
b ngR” (Nha xutb!'n Khoa hcva K thut, TPHCM 2007).

) ay, tbi $ h ng dn cach phan tich di utrén bngR. Tr c¢ khi phéan tich,
c.nphinhpd li uvaomtkhuén kh maR c6éth “ c¢” c. ( ti nchovictheo
doi, téi trinhbaybngs li umtl.nna Ay:

Ung th ( ichng
Ph i nhi m AO 11 17
Khéng ph i nhi m AO va khoéng ré 36 127

) ay,chungtacohailm,gittlaao vacancer ; m*i bi n co hai gia tr 0 (khdng)
va 1 (c6). Trong nhomao = 1 (phinhim)c6é 28 it ng, vatrong snay co 11
ng ib ungth;trong nhémao = 1 (khéng phi nhi m) c6 143 it ng vatrong s
nay co 36 ng ib ungth. Chingtas“b tri”s li utrén bngR nh sau:

ao <-c(1, 0)

ntotal <- ¢(28, 163)
cancer <- c(11, 36)
proportion <- cancer/ntotal

Chu thich:
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Dong 1 nh ngl binao cé hai gia trl va 0 (cha y du <- ¢6 ngi®
t ng ngnh dub-ng*“="),

Dong 2 nh ngla bi n ntotals , va cho bit ao=1 c6 28 it ng,
ao=0 c6 163 it ng;

Dong 3 nh ngt& bin cancer , va cho bit ao=1 c6 11 it ng,
ao=0 c636 it ng;

Dong 4 nh ngt& bin proportion b-ng cancer chia cho
ntotals , co ngli#a la #l ungth chot ng nhdmao.

Sau khi @nhp s Ili u, ching taa $n sang phan tich. Trorgco hamgim
chuyén dng cho phan tich h qui logistic. Cachvithamnaya c¢mot trong sach
c atdi.) ay, tdichtgili thichngn g nnh sau:

logistic <- glm(proportion ~ ao, family="binomial”,
weight=ntotal)

Trong I nh trén, chdng ta yéue R s, d ng hamgim mo t proportion
nh la mt ham s caao (chi y du ~ c6 ngl la m6é hinh), va phan phc a
proportion la phé&n phi nh phéan binomial ) vi ch#co 2 gia tr. Ngoai ra, trong
| nh trén, chudng ta con cho mthéng s weight=ntotal . Théng s weight yéu
C.URs dngntotal lamts tom| c (thay vi mtb nh nhan).

Ktqu phantich clutr it ng co tén ldogistic (t t nhién, ching
ta co th thay iv im ttén ndo khac ma minh thich). Bay,gthung ta co6 thxem
gua kt qu phan tich bng cach Inhsummary it nglogistic nh sau:

summary(logistic)

Call:
glm(formula = proportion ~ ao, family = "binomial”, weights = ntotal)

Deviance Residuals:
[110 0
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Coefficients:
Estimate Std. Error z value Pr(>|z|)

(Intercept) -1.2607 0.1888 -6.677 2.44e-11 ** *

ao 0.8254 0.4306 1.917 0.0552

Signif. codes: 0 ***' 0.001 "**' 0.01 "' 0.05". ‘011

(Dispersion parameter for binomial family taken to be 1)
Null deviance: 3.5022e+00 on 1 degrees of fr eedom

Residual deviance: -2.3093e-14 on O degrees of fr eedom

AIC: 12.933

Number of Fisher Scoring iterations: 3

B ng 2. Ktqu phan tich hiquilogistic b ngR.

Cha thich: L nh summary(logistic) cung p cho ching ta cac kqu phan tich nh
trinh bay trong Hinh 1 trén.

(@) Phn“Call: " bao cho chang ta bi mé hinh phan tich;

(b) Deviance: phn th hai ca kt qu cho bit qua v deviance, tc phn d (hay
residual trong mo hinh [1]).

Deviance Residuals:
[1]0O0

Deviance nh gi!i thich trén phn anh  khac bit gi a mé hinhvadli u(cngt ng
t nh mean square residual trong phan tichdui tuy n tinh vy). ( ivimtmb
hinh nllnh vid nay thi giatrc a deviance khdng c6 y n@hgi nhi u.

(c)Phnk tipcungcp cs caa (maR ttén laintercept )vab (ao) va sai
s chuwA (standard error) chong cs:

Coefficients:

Estimate Std. Error z value Pr(>|z]|)
(Intercept) -1.2607 0.1888 -6.677 2.44e-11 ** *
ao 0.8254 0.4306 1.917 0.0552.

Signif. codes: 0 "***' 0.001 "**' 0.01 "' 0.05 . '01''1
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Qua kt qu nay, ching ta c& = -1.2607 vah =-0.8254.2 c¢s b las d ng, cho
thym ilién h gi acancer vaao lam ilién h thu n: nguy c ung th t ng khi gia
tr caao tng. Tuy nhién, kim nh z (tinh bng cach ly ¢ s chia cho sai s
chibh) cho chang ta tty 'nh h  ng c aao khéng hn cé y ngla th ng ké, vitrs p =
0.055.

Xin nh ¢ | i, OR chinh 1&°%%**= 2.28 (tc ph ng trinh [5]) machingtaacdé ¢
gua phan tich thcong trong pn trén. NOi cach khac, klasio=1 thi nguy ¢ ung th
t ng 2.28 In so vinhomao=0.

(d) Cac phnk ti pcungcp mts chi#s th ng ké v md hinh, nhng khéng coé lién
gquan nv n chdngta quan tam, nén t8ilhdng gli thich  ay.

Nh trinh bay trén, khong c6 khac bnao gia kt qu phan tich bngR va k t
gu' qua phan tich thcong. Tuy nhién, li th khi phan tich bng may tinh la thi gian.
Sau khi nhp d li u, ttc! cac tinh toan4ng R qua Inh trén tn khéong . y 1 giay!
Ngoai ra,R con cung cp cho chdng ta cac sai shibh th ng r t khé tinh trong tr ng
h p phén tich a bi n (ma téi § ban qua trong nt bai sau).

IV. Phantichh iquilogisticv im thi nliént c

Trongvid 1,d hai binph thuc (ungth)vabin clp (phinhi mAO)
u la bin nh phan. Do 0, vi c tinh toan tng n gi'n. Nh ng trong nhiu nghién
cubin clp(ayyut nguyc)labinliéntc,vavictimhiumit ngquan
gi a hai bin cé phnph ctph n. Trong phn nay, t6i $ ban qua mttr ng h p nh
th vass dngR giliquytvn

Vid 2 Nghiéncumit ngquan gi a fibrinogen va EST. Erythrocyte
sedimentation rate (ESR) Bdut ma cac hng huyt c.u (erythrocytes) ng | i trong
huy t thanh. Bnh nhan vi ESR cao hn 20 mm/gi ¢6 nguy ¢ cao b b nh th p kh p,
va cac bnh viém man tinh; va Imh nhan vi ESR thp h n 20 c xem la “binh
th ng”. Khi ESR tng, mt s protein trong mau'ag gia tng. Mt trong nhng
protein O la fibrinogen. Mt nghién cu ol ng ESR va fibrinogen 29 it ng
(Collett D, Jemain AA. Residuals, outliers andiushtial observations in regresison
analysis. Sains Malaysias 1985; 4:493-511) , vard& nghién au phat hin trong
nhomnayco 6 it ngv i ESR cao hn 20 mm/gi. Cac nha nghién @ mu n bi t co
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m it ng quan nao ga fibrinogen va ESR hay khong. 8 uca?29 it ng ¢
trinh bay trond ng s 3sau ay:

B ng 3. FibrinogenvaESR 29 it ng
id fibrinogen ESR

1 252 0

2 256 0

3 219 0

4 218 0

5 341 0

6 246 0

7 322 0

8 221 0

9 315 0

10 260 O

11 229 0

12 235 0

16 315 O

18 268 0

19 260 O

20 223 0

21 288 0

22 265 0

24 228 O

25 267 O

26 229 O

27 215 0

28 254 0

30 334 0

31 299 0

32 332 0

13 506 1

14 334 1

15 238 1

17 353 1

23 209 1

29 393 1
Ghicht:id lamdasca it ngnghién cu;
esr ¢ ma hdéa 0 (ru ESR thp h n 20) hay 1
(n u ESR cao hn 20).

G iplaxacsutesr=1 vaxlal ng protein fibrinogen trong mau, mo hinh h
qui logistic [1] c6th ngdng tr! | icau hH trén:

p

—— =a+bx+e [6]
1-p

log
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Chayeng A&y,xlamtbinléntc, ch khéng phi bi n nh phéan. Vi th
ph ng phap ctinhthdéng sa vab c ngkhacvivid 1. Ph ng phap chinh C
tinh théng s trong mo hinh [6] la ph ng phap maximum likelihood —¢ ph ng phap
H plicc i, vakhdéng pm trong phm vi ¢ a bai vit nay, nén tdi'skhong trinh bay
ay (bn c co6 th tham kho sach giao khoa bi tthém, nu c n thi t). Tuy nhién,
toimun cpngngnlaph ngphaphplicc icungcp chochingtanh
ph ngtrinh nh sau:

-1

1+e'(é+5‘))

Xy = >.<(1+ e‘(“*))

i=1 i=1

Trong 6, Trong O,y labinph thuc(esr vigiatr Ohayl),vailabin clp
(fibrinogen), vanlas m&u. ( tim cs a va b ( cs caavab, m ttrong nhng
phép tinh hay,sd ng la iterative weighted least square hay NewtopHRan. R s,
d ng phép tinh Newton-Raphsontimhai cs 0.

Tr ¢ khi phén tich, chiung tar pii nhp s li u vaoR nh sau (ching ta
khéngcnnhp bi nid ):

fibrinogen <- c(2.52, 2.56, 2.19, 2.18, 3.41, 2.46, 3.22,2.21, 3.15,
2.60, 2.29, 2.35, 3.15, 2.68, 2.60, 2.23, 2.88, 2.65,
2.28,2.67,2.29, 2.15, 2.54, 3.34, 2.99, 3.32,
5.06, 3.34, 2.38, 3.53, 2.09, 3.93)

esr <-¢(0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,0,0,
0,0,000,0,0,0,1,12,1,1, 1,1)

data <- data.frame(fibrinogen, esr)

Cha y I nh th ba yéu cuR nh p hai binfibrinogen vaesr vaomtd li ucotén
la data ti n cho vi c phan tich sau nay.

boxplot(fibrinogen ~ esr, xlab="ESR", ylab="Fibrino gen")
t.test(fibrinogen ~ esr)

L nhth nhtyéucu RV biu hinh hp (box plot) v fibrinogen phdn nhém theo
bi nesr,vaktqu c trinh bay trongbu 2d i a. Lnhth hais dng
ki m nhttest trongR xem s khac bitv fibrinogen gia hai nhdm ESR c6 y
nghta th ng ké hay khong, va kqu c trinh baytrongBng3d i ay:
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Welch Two Sample t-test

data: fibrinogen by esr
t =-1.6498, df = 5.331,
p-value = 0.1563

alternative hypothesis: true

Fibrinogen

difference in means is not equal to 0
95 percent confidence interval:
-1.8666562 0.3907588

20 25 3.0 35 40 45 50

0 ! sample estimates:
ESR mean in group 0 mean in group 1
2.650385 3.388333

Biu 2 Biu hinhhp phanphica|B ng4 Kim nhtgi ahainhom caovatp
fibrinogen gi a hai nhdm ESR. ESR.

Phén tich n gi'n trén &y cho thy fibrinogen trung binh it ng cé ESR cao
(tcesr =1 ) la 3.39 mm/gi, c6 phn cao hn so vi nhom ESR thp v i
fibrinogen trung binh la 2.65 mm/gi Nh ng s khac bit nay khéng c6 y ndh th ng
ké (p = 0.1563).

Bay gi chung ta phan tich-hg ph ng phap hi qui logistic v i hamglm trongR nh
sau:

logit.esr <- gim(esr ~ fibrinogen, family="binomial ")
summary(logit.esr)

Cha y céch vit | nh ¢ ng khéng khac gisovvid 1, Ktqgu c aphéantichnay c
trinh bay trong biu 3 sau ay:

Call:
glm(formula = esr ~ fibrinogen, family = "binomial" )

Deviance Residuals:
Min 1Q Median 3Q Max
-0.9298 -0.5399 -0.4382 -0.3356 2.4794

Coefficients:
Estimate Std. Error z value Pr(>|z|)
(Intercept) -6.8451 2.7703 -2.471 0.0135*
fibrinogen 1.8271 0.9009 2.028 0.0425 *
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Signif. codes: 0 ***' 0.001 **' 0.01 *" 0.05 . '01''1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 30.885 on 31 degrees of freedo m
Residual deviance: 24.840 on 30 degrees of freedo m
AlC: 28.840

Number of Fisher Scoring iterations: 5

B ng5 K tqu phantichs t ngquan gi afibrinogen va ESR

V ik tqu trén, ph ngtrinh [6] cO thvi t nh sau:

log —P— =-6.845% 1.827
1-p

Nh vy OR lién quan n fibrinogen la: OR =%¥"=6.21 (nh gi'i thich ph ng
trinh [5]). NOi cach khac, khi fibrinogenrtg 1 mmol/L, thi odd vi esr cao tng 6.21
[.n. Chudng ta c6 thtinh khdng tin cy 95% c a OR bng | nh sau ay:

exp(confint(logit.esr, parm="fibrinogen"))

Cha y: | nhtrén yéu au tinh s m' (exp) c akhdng tin cy 95% gconfint —vittt
t confidence interval @ théng s fibrinogen (parm —vi ttt c a ch parameter)
trong it ng phan tichogit.esr . Ktqu la:

25% 97.5%
1.403468 54.535954

T c khdng tin cy 95% ca OR lién quan n fibrinogen dao ngt 1.40 n 54.5.
B ivi kholng tin cy 95% cao hn 1, ching ta co6-lmg ch ng  phat biu r-ng m i lién

h gi a fibrinogen va ESR cé y ngihth ng ké. Thtra,trs pcamilién h nay la
0.0425 (xenB ng 5).

V. nhh ngt ngtac (interaction effect)

Hai vi d trén, tdi & gi i thi u qua cach phan tich ihqui logistic cac nghién
mabin cl pcéth labinliéntc haybin khéng lién tc, nh ng mé hinh chk n
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gi'lngiihnmtbin cl p. Tuynhién, trong nhu nghién cu khoa hc, cé rt nhi u
bi n cl pmanhanghiéneamunt®m nhmit ngquanhaynhh ng nmt
bi n ph thu c. Trong phn nay, t6i $ banv m tnghién cuv ihaibin clp,va
vn t ngtacgiacachin clp.

Vid 3. Nghiéncuv vaitroc aph n trongxah i. Trongmt i utraxa

h ith ¢ hi nvaonm 1971-1972, cdc nha nghiénuichHi it ng—-namvan— ng

y hay khéng ng y vi céu hH sau ay: “Ph n nénlovicnhava vic i uhanh

nha n ¢ cho an éndg (Harberman SJ. The analysis of residuals in ssassified

tables. Biometrics 1973;29:205-220). Cac nha ngbi@& ghi nhn trinh  h cvnva

giicanti it ng. Ktqu nghiéncucéth toml cbngBngs lius 6 sau
ay.

B ng6. Vaitrocaph n trongxah i

edu sex agree disagree
0 Male 4 2
1 Male 2 0
2 Male 4 0
3 Male 6 3
4 Male 5 5
5 Male 13 7
6 Male 25 9
7 Male 27 15
8 Male 75 49
9 Male 29 29
10 Male 32 45
11 Male 36 59
12 Male 115 245
13 Male 31 70
14 Male 28 79
15 Male 9 23
16 Male 15 110
17 Male 3 29
18 Male 1 28
19 Male 2 13
20 Male 3 20
0 Female 4 2
1Female 1 0
2Female 0 0
3 Female 6 1
4 Female 10 0
5 Female 14 7

6 Female 17 5

7 Female 26 16
8 Female 91 36
9 Female 30 35
10 Female 55 67
11 Female 50 62
12 Female 190 403
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13 Female 17 92
14 Female 18 81
15 Female 7 34
16 Female 13 115
17 Female 3 28
18 Female O 21
19 Female 1 2
20 Female 2 4

Ghi cha: Trong Bng trén, binedu latrinh  hcvn(obngs nmtheohc)ca
ng itrll i, agree vadisagree las it ng ngyhaykhéng ngyvicéau
h+H. Chnghnnh trongdongcuic aldngs li ucé nglalatrongsph n v i20
nmhc,2ng i ngyva4dng ikhbng ngyvicéau hH.

Cacnhanghitnwmun <c¢l ngs !'nhh ngcagiitinhvatrinh hc
vn nxuh ngtt | icauhHtrén.

( ti ncho vic theo doi, cac sli utrongbngtréntr chts' ¢ nh p vao
R. Cac Inh sau ay t o ra 4 bin: edu, sex, agree vadisagree . Ngoai ra, hai
bi nntotal (t ngs it ng) vaproportion (ph.ntrm it ng ngyvicéu
h+) c'ng ctinhtoant hai binagree vadisagree . Cacsli unay$ clu
tr trongmtd li ucdténlavomen

edu<-c(0, 1, 2, 3, 4, 5 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
0, 1, 2, 3, 4, 5 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20)
sex<-¢(0, 0, 0, 0, 0, 0, O, O, O, 0, O,
0o, 0,0 00 O, O, O, O, 0,
1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1,
1, 1, 1, 1, 1, 1, 1, 1, 1, 1)
agree<-c(4, 2, 4, 6, 5, 13, 25, 27, 7 5, 29, 32,
36, 115, 31, 28, 9, 15, 3, 1, 2, 3, 4,
1, 0, 6, 10, 14, 17, 26, 91, 3 0, 55, 50,
190, 17, 18, 7, 13, 3, 0, 1, 2)
disagree <-c¢c(2, 0, 0, 3, 5, 7, 9, 15, 49, 29, 45,
59, 245, 70, 79, 23,110, 29, 28, 13, 20, 2,
0, 0, 1, 0, 7, 5, 16, 36, 35, 67, 62,
403, 92, 81, 34,115, 28, 21, 2, 4)
ntotal <- agree + disagree
proportion <- agree/ntotal
women <- data.frame(edu, sex, agree, disagree, ntot al, proportion)

Tr ¢ khi phan tich, chdng ta,titim hi u t#l ng y (t ¢ bi n proportion )
theotrinh h cvnvagiitinh,vihailnhsaudy: Lnhth nhtth hins t ng
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quangiatl ngyvatrinh hcvn,vaktqu trinh bay trongBi u  3; 1 nh th
haiv'biu hinhhpv t#1 ngytheogiitinh®Bi u 4):
plot(proportion ~ edu, ylab="% agreed", pch=ifelse( sex==0,16,21))
boxplot(proportion ~ sex)
- © | * . 3 * s i ©
; 1‘0 1‘5 2‘0 0 1
edu
Bi u 3. T#l it ng ngyvicau|Biu 4. T#l it ng ngyvi
h+ theo trinh  h cv n. Cac i mtron en| cau hH theo gii tinh. Tr ¢ hoanh 0 th
th hin it ngn,vacaci mtrontrng/hin it ngn,1th hin it ng
th hin it ngnam. nam.
Biu 3chothyrdrang cOmtm it ngquannglth ! ogi at#l ngyvatrinh
hcvn: it ngcétrinh v nhbacangcao#t ngycangthp. Tuynhién, t
haibiu chothy!nhh ngcagiitinhcowkhéng quantmg, du#l n ngy

covicao hnsovinamgii.

Giplaxacsut ngyvicauhH,vavik tqu phantich sb trén, chingta
c6 th xem xét mt m6 hinh n gi'n ma theo 6 ##xac sut ngy tuy thuc vao trinh
h cv nvagiitinh. Néi theo ngbn ngc a md hinh hi qui logistic:

log P z—a+b edutg se

[7]

Va, theo ngbn ngmay tinhR (k t qu! trinh bay trong Bng 7):

logistic <- glm(proportion ~ sex + edu, family="bin
weight=ntotal)

omial”,

summary(logistic)
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Call:
glm(formula = proportion ~ sex + edu, family = "bin omial", weights =
ntotal)

Deviance Residuals:
Min 1Q Median 30 Max
-2.72544 -0.87168 -0.08448 0.88843 3.13315

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

(Intercept) 2.50937 0.18389 13.646 <2e-16 ** *

sex -0.01145 0.08415 -0.136 0.892

edu -0.27062 0.01541 -17.560 <2e-16 ** *

Signif. codes: 0 "***' 0.001 "**' 0.01 "' 0.05'. '01''1

(Dispersion parameter for binomial family taken to be 1)
Null deviance: 451.722 on 40 degrees of freed om

Residual deviance: 64.007 on 38 degrees of freed om

AlC: 208.07

Number of Fisher Scoring iterations: 4

B ng 7. K tqu phéan tich hi qui logistic c a md hinH7]

K tqu trén cho thy rd rang'nh h ngcatrinh hcvn nxuh ng ngyvi
cau i (p < 0.0001), nhng gi i tinh khdéng cdnhh ng angk (p = 0.892).

M6 hinh [7] con c6 tén Iand hinh cng h ng (additive modehay main effect
mode), b i vi md hinh nay phat bu -ng trinh  hcvnvagiitinh!nhh ng c
lp nt#l ngy. Cmt “ clp” aycongflalnhh ngcatrinh hcvn
hoan toan khéng tuy tha vao'nhh ngcagiitinh(vang cli,!nhh ngcagii
tinh — nu c6 — hoan toan khéng pkthu ¢ vao trinh h cv n).

Trongthct, 6lamtmé hinh ngiln, bivithai vahanhx c anamva
n co th khac nhau du hcé cung mttrinh hcvin. Nu i u 6 xyra, thi mé hinh
c ng h ng [7] khéng con phu Ip trong thct n a. Vith,tr c¢ khichp nhn mo
hinh cng h ng, ching ta ph xem xét nmo hinh t ng tac(interaction modglgi a
gi itinhvatrinh h cvn. M6 hinht ngtac phat bu r-ng:
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log ﬁ z—a+b edutg sex Z edu se¢ [8]

V iR, m6 hinhtrén cvitnh sau:

interaction <- glm(proportion ~ sex + edu + sex:edu
family="binomial”, weight=ntotal)

summary(interaction)

Call:
glm(formula = proportion ~ sex * edu, family = "bin omial", weights =
ntotal)

Deviance Residuals:
Min 1Q Median 30 Max
-2.39097 -0.94911 0.03065 0.75927 2.45262

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

(Intercept) 2.09820 0.23550 8.910 < 2e-16 ** *
sex 0.90474 0.36007 2.513 0.01198 *
edu -0.23403 0.02019 -11.592 < 2e-16 ** *

sex:edu -0.08138 0.03109 -2.617 0.00886 **

Signif. codes: 0 "***' 0.001 **' 0.01 "' 0.05 . '01''1
(Dispersion parameter for binomial family taken to be 1)

Null deviance: 451.722 on 40 degrees of freed om
Residual deviance: 57.103 on 37 degrees of freed om
AIC: 203.16

Number of Fisher Scoring iterations: 4

B ng 8. K t qu! phan tich hi qui logistic c a m6 hinh t ng tac[8]

K t gu trén cho chuing ta mh“b c tranh” hoan toan khac vmo hinh cng h ng: tt
c! bathdéng ssex,edu vat ngtacsexiedu (du“”codnghalat ngtac trondgRr)

u co yngha thng ké. ( hi u mdé hinh nay, ching tarcphivi t | i mé hinh [8]
b-ng cac cs trong Bng 8:

log ﬁ =2.008+ 0.905sex 0.234edu 0.08lédu se
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Ph ngtrinhchon(t csex=0 ) la:

P

log

Ph ngtrinh chonam (csex=1 )Ila:

p

log —
gl-p

=2.098 0.234 edu

=2.098+ 0.905 0.234edu  0.08ledt

=3.003- 0.315edu

NGi cach khac, ching ta c6 2 pimg trinh vi cho hai giitinh. ) n, m*in mtngv
h cvn, OR =€%%*=0.79, nhng nam, OR =3°=0.73,

M t cach khdc c'mnhns khac bit gi a hai nhom la qua hi
nay trong phn Chu thich). Hai biu

bi u

(xemma V" hai

sau ay mo t t#l ng y va trinh

h ¢ v nchonamvand avao mé hinhaag h ng[7] va mé hinh t ng tac [8]:

1.0

— Fitted (Men)
-+ Fitted (Women)

0.8
l

% agreed
0.6
!

0.4

0.2
l

0.0

1.0

— Fitted (Men)
-- Fitted (Women)

0.8

% agreed
0.6

0.4

0.2
I

! I I I I I g I I I T T
0 5 10 15 20 0 5 10 15 20
Education Education
Bi u 5 Tién oan #l it ng ngy|Biu 6 Tién oan #l it ng ngy
v i cau hH theo gii tinh d a vaomoé hinh| v i cau hH theo gii tinh d a vaomé hinh
c ngh ng ng khbng t onth hin|t ng tac ng khéng t onth hin
nam,va ng t onth hinn. nam,va ng t onth hinn.
Cac i m*“”th hin it ngn,vacac Cac i m“”th hin it ngn, vacac
im*“’th hin it ngnam. im*“’th hin it ngnam.
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Bi u 5 cho thy hai ng biu di n cho nam va nh.u nh trung nhau,
nh ngBi u 6chothyxac sut ngyvicauht khac nhau gia nam va nva
khac bit con tuy thucvao trinh  hcvn. Chnghnnh nhng it ngcotrinh

hcvnthphnl0nm,n c6xuh ng ngycaohnnam; nhng nhng i
t ngcotrinh hcvncaohnl0nm,namcéxuhng ngyhnn. Trongbi
c’nhcacauhki,nhng it ngvitiinh hcvnthpth ng ngyviquan
i mrngph n nénlovicnhava vi c“qu cgia is ”chonam i uhanh, nhng
vinhng it ngcotrinh hcvncao,phnl n ukhdéng ngyviquan i m
nay, va phn ngcan khacvinamtuyvaotrinh hcvn. (6chinhlayngca
Inhh ngt ngtac!

Qua vi d trén, ching ta tly n u phan tich sli u theo théi quen ma khéng xem
xét nkh nng!nhh ngt ngtac,rtd i nktlunsaihaykquanhngthéng
tin quan trng. Xay d ng mé hinh trong phan tich thg ké va khoa kc néi chung la mt
vn phctp,vatdi$§ban ntrong phn sau.

Trong bai sau (hi wng la c6 thi gi) tdi s' ban qua v md hinh hi qui logistic a

bi n,!'nh h ng phi tuyn tinh (non-linear effect) va cac pimg phap cung tiéu ckf
xay m t md hinh logistic hoan ¢hh.
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Chu thich:

Thu tng s d ngtrong bai

Ti ng Anh Ting Vit

Logistic regression model M6 hinhikqui logistic
Control ( ichng

Variable Bin

Continuous variable Bnliéntc

Discrete variable Bn khdéng liéntc hay binrir c
Dependent variable Bn ph thu c
Independent variable Bi clp

Maximum likelihood method Phngphaphplicc i
Additive model M6 hinhcng h ng
Interaction model Mo hinh t ng tac

MaAaR v biu 5vaé6

#t om tham v ,g iham la myplot

myplot <- function(predicted)
{
f <- data$sex ==
plot(data$edu, predicted, type="n",

ylab="% agreed", xlab="Education", ylim=c(0,1 )
lines(data$edu[!f], predicted [!f], lty=1)
lines(data$edu[f], predicted]f], Ity=2)
Igtxt <- c("Fitted (Men)", "Fitted (Women)")
legend("topright”, Igtxt, Ity=1:2, bty="n")
y <- data$agree/data$ntotal

# text(data$edu, y, ifelse(f, " "t "), cex=1.25)
text(data$edu, vy, ifelse(f, " 0", "*"), cex=1.25)
}
#v bi u 5-md hinh ¢ ngh ng - additive model
additive <- glm(proportion ~ sex+edu,
family="binomial”, weight=ntotal, d ata=data)

p.additive <- predict(additive, type="response")
myplot(p.additive)

#v b u 6 6 —mo hinh t ng tac - interactive model
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interaction <- glm(proportion ~ sex+edu,

family="binomial”, weight=ntotal, d ata=data)
p.predicted <- predict(interaction, type="response" )
myplot(p.predicted)
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