Phan tich héi qui logistic
(logistic regression analysis)

Nguyén Van Tuin

Nhiéu nghién ctru y khoa (va khoa hoc thyc nghiém néi chung) c6 muc tiéu chinh
1a phan tich mbi twong quan gitra mot (hay nhiéu) yéu t6 nguy co va nguy co mdc bénh.
Chéng han nhu d6i véi mot nghién ciru vé mdi twong quan gitra théi quen hit thude 14 va
ung thu phdi, thi yéu t6 nguy co & day 1a théi quen hiit thude 14 va dbi twong phan tich 1a
nguy co mic ung thu phdi. N6i theo thuat ngit dich té hoc, yéu té nguy co chinh 12 risk
factors, va d6i tuong phan tich 13 outcome. Trong cdc nghién ciru ndy, ddi twong phin
tich thuong dwoc thé hién qua céc bién sé nhi phdn, tic 1a cdé/khong, mdc bénh/khong
mdc bénh, chét/song, xdy ra/khong xdy ra, v.v... Yéu td nguy co c6 thé 1a cic bién sb
lién tuc (nhu d6 tudi, 4p sudt mau, mat do xuong, v.v...) hay cdc bién nhi phan (nhu gi6i
tinh) hay bién mang ddc tinh thlr bac (nhu tinh trang ctia bénh dao dong tur “nhe”, “trung
binh” dén “nghiém trong”).

Van dé dat ra cho cdc nghién ctru dang nay 12 1am céch nao dé wdc tinh do twong
quan (magnitude of association) giita yéu t§ nguy co va bénh. Céic phuong phdp phan
tich nhu md hinh hdi qui tuyén tinh (linear regression model) khong thé dp dung duoc,
bi vi bién phu thudc (dependent variable) khong phai 12 mot bién lién tuc, ma 12 bién nhi
phan. Vao thap nién 1970s nha théng ké hoc David R. Cox phit trién mot mo hinh ¢6 tén
1a “logistic regression model” (ma t6i tam dich 12 “mé hinh hdi qui logistic”) dé phén tich
céc bién nhi phan. T6i s& giai thich cich ing dung mo hinh nay qua mot sd vi du tir don
gian dén phtrc tap. T6i s& khong ban dén cic chi tiét todn hoc ctia md hinh hoi qui
logistic, ma chi tip trung vao cic khia canh thuc té va dién dich Kkét qua phan tich.

I. Phan tich héi qui logistic don gian cho nghién ctru déi chirng

Vi du 1: Nghién ciru mdi twong quan giita phoi nhiém chét déc da cam va
ung thu tuyén tién liét. Giri va dong nghiép (2004) tién hanh mét nghién ctru so bo dé
tham dinh méi lién hé gitra phoi nhiém chit doc mau da cam (Agent Orange — AO) va
nguy co ung thu tuyén tién liét (prostate cancer risk) & cdc cyu chién binh Mi timg tham
chién & Viét Nam trudc ddy. Céc nha nghién ciru chin dodn 47 trudng hop ung thu tién
liét tuyén timg tham chién. Sau d6, ho ngau nhién chon 144 cyu chién binh ciing timg
tham chién ¢ Viét Nam va nay nhap vién vi cdc li do khong lién quan dén ung thu. Goi
nhém nay 12 nhém “Ddi ching” (control). O mdi nhém, cdc nha nghién ctru tim trong hd
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so bénh 1f va phong van tryc tiép dé biét ai 1a ngudi da timg phoi nhiém AO trong thdi
chién. Két qua cho thiy trong s6 47 truong hop ung thu, ¢6 11 nguoi ting bi phoi nhidm
AO, 29 nguoi khong timg bi phoi nhidm, va 7 ngudi khéng 13 tién sir; trong nhém ddi
chting c¢6 17 ngudi khdng timg bi phoi nhiém, 106 ngudi khdng timg bi phoi nhiém, va
21 ngudi khong thé xdc dinh phoi nhiém. Két qua c6 thé tém luge trong bang sd liéu sau
day:

Bang 1. Phoi nhiém AO va ung thu tién liét tuyén

Ung thu Déi ching

(n=47) (n=142)
Phoi nhiém AO 11 17
Khong phoi nhiém AO 29 106
Khong ro 7 21
Tong sb 47 144

Ghi chii:  1a sb bénh nhan. Ngué)n $0 li¢u: Giri VN, Cassidy AE, Beebe-Dimmer J, Ellis
LR, Smith DC, Bock CH, Cooney KA. Association between Agent Orange and prostate
cancer: a pilot case-control study. Urology. 2004 Apr;63(4):757-60; discussion 760-1.
Correction in Urology. 2004 Jun;63(6):1213.

Dé minh hoa cho phan tich hdi qui tuyén tinh va don gian héa véan dé, t6i s& gop
chung hai nhém “Khdng phoi nhiém AO” va “Khdng r6” thanh mdt nhém chung. (Cach
lam nay c6 thé 12 mot dé tai phan tich khdc!) Bang s6 liéu trén, do d6, c6 thé rit gon nhu

sau:

Ung thu Déi ching
Phoi nhiém AO 11 17
Khong phoi nhiém AO va khong ro 36 127

Qua sd lién trén ddy, c6 thé thdy 23.4% (hay 11/47) nhém ung thu tién liét tuyén
ting bi phoi nhiém AO. Nhung ti 1& nay trong nhém ddi chimg 12 11.8% (17/144). Vén
dé dat ra 1a ¢6 sy twong quan ndo giira phoi nhiém AO va ung thu tién liét tuyén hay
khong? Cum tir “sy twong quan” ¢4 thé khai trién thanh hai ciu héi cu thé:

e Nguy co mic bénh ung thu tién tiét tuyén ¢ nhitng ngudi timg bi phoi

nhiém so véi nguy co & nhitng ngudi khdng ting bi phoi nhiém 13 bao
nhiéu?
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e Do khic biét vé nguy co ung thu giita hai nhém c6 ¥ nghia théng ké hay
khong?

Mo hinh phan tich hdi qui logistic c6 thé tra 161 hai cAu hoi nay. Chi sé thong ké
quan trong dé phan tich sb liéu tir cic nghién ciru bénh — ching (case-control study) nhu
trén 12 17 $6 nguy co (odds ratio hay OR). Dé udc tinh OR, toi phai giai thich timg budc
nhu sau:

Tiéng Anh c6 mot danh tir d& mo ta nguy co hay khd ndng ma céc ngdn ngir Au A
khéc (nhu Phép, Y, TAy Ban Nha, Trung Quéc, Viét Nam, v.v...) khong c¢6: d6 1a danh tir
odd. Do d6, t6i s& tam thoi khong dich chir odd sang tiéng Viét. N6i mot cach ngdn gon,
odd la ti 56 cua hai gid tri cua mot bién s6 nhi phan. Do d6, OR la ti $6 cua hai odds.
N6i céch khdc, OR 1a ti s6 cua hai ti s6! Trong vi du trén, ching ta c6:

e odd mic ung thu trong nhém ting bi phoi nhiém AO la: 11/17 =
0.647;

e odd mic ung thu trong nhém khoéng timg bi phoi nhiém AO Ia:
36/127 = 0.283;

e va odds ratio mic bénh ung thu trong nhém ting bi phoi nhiém so
v6i nhém khong timg bi phoi nhiém la: OR = 0.647 / 0.283 =
2.28.

That ra, OR ciing c6 thé tinh ngin gon biang mot cong thirc:

11127

= =228
17x36

N6i cdch khic, nguy co méc bénh ung thu tién liét tuyén trong céc cuu chién binh
timg bi phoi nhiém AO cao hon céc cyu chién binh khéng timg bi phoi nhiém AO
khoang 2.3 lan.

Nhung vi ddy 12 mot nghién ctru dya vao mot mau duy nhat, va udc tinh trén day
¢6 thé dao dong tir mau nay sang mau khic. Nén nhé rang, OR 1a mot udc tinh —
estimate — cia mot OR thdt — true OR — ma ching ta khong biét trong thuc té. Chi sb
nguy co that nay c6 thé dao dong bat thuong tir thap hon 1 dén cao hon 1. Néu OR rhdt
thdp hon 1, thi didu nay c6 nghia I3 nhitg nguoi timg phoi nhidm AO c6é nguy co ung
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thu thap hon nhing ngudi khong timg phoi nhiém AO; mdt chi s6 OR rhdr cao hon 1 cho
biét nhitng ngudi timg phoi nhiém AO c¢6 nguy co ung thu cao hon nhirng ngudi khong
timg phoi nhiém AO; va néu OR that bang 1 thi diéu nay c6 nghia 1a khong c6 méi lién
hé nao giira phoi nhiém AO va ung thu tién liét tuyén.

Vi thé, cau hoi thtr hai (va ¢6 18 quan trong hon) 12 mbi twong quan nhu phan dnh
qua OR c6 ¥ nghia thong ké hay khong? Néi cach khdc, néu nghién ciru trén duogc lap lai
rat nhiéu 1an, thi d6 dao dong cua OR 1a bao nhiéu? Néu nghién curu dugc 1ap lai (chéng
han nhu) 100 1an, va 95 nghién ctu cho ra udc s6 OR dao dong tr 1.1 dén 3.8, va 5
nghién ctru cho thdy OR thap hon 1.1 hay cao hon 3.8, thi ching ta c6 bang ching dé
phat biéu rang mbi lién hé giita phoi nhidm AO va ung thu tién liét tuyén cd ¥ nghia
thong ké — statistically significant.

N6i cich khdc, ching ta cAn phai udc tinh sai sé chudn (standard error) cho OR
va khoang tin cdy 95% ciia OR. Vi OR 1a mot ti sb, cho nén viéc woc tinh sai s6 chuén
cho OR khéng thé tién hanh tryc tiép dugc (hay dugc nhung rat phuc tap), ma phai wdc
tinh bing cdc phuong phdp gidn tiép. Mot trong nhitng phuong phdp gidn tiép dé Ia
phwong phap Woolf va qui trinh u6c tinh ¢6 thé mé ta timg bude nhu sau:

e Trudc hét, ching ta hoin chuyén OR sang don vi logarit (natural
logarithm):

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

e Budc thir hai 12 wdc tinh sai sb chuén (tam cho ki hiéu SE) cua logOR qua
cong thirc sau day:

SE = i+L+L+L=0.430
11 17 36 127

e Budc thi ba, theo luat phan phdi chuan, khoang tin ciy 95% ciia logOR
l1a: logOR + 1.96xSE, va trong truong hgp trén, khoang tin cady 95% cua
logOR la:

0.824 - 1.96x0.430 =—-0.0188
0.824 + 1.96x0.430 = +1.6668
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e Vi don vi vira tinh 12 log, cho nén budc th tu 13 hodn chuyén khoang tin
cay 95% sang don vi ti s6 nhu lic ban dau:

e?"% =098 dén &"'**=530

Két qua phan tich trén cho thay tinh trung binh, OR 1a 2.28, nhung khoang tin ciy
95% ctuia OR dao dong tir 0.98 dén 5.30. N6i cdch khdc, néu nghién ctru trén duoc lap lai
100 1an, s& c6 95 nghién ctru cho thdy OR c6 thé thap hon 1 (0.98) hay tham chi cao dén
5.30.

Dén day, ching ta c6 két qua dé phat biéu cho cau héi thir hai. Béi vi khoang tin
cy 95% c6 thé thip hon 1 ma ciing c6 thé cao hon 1, cho nén chiing ta phdt biéu rang
mdi lién hé gitta phoi nhiém AO va nguy co méc ung thu tuyén tién liét khong ¢ ¥ nghia
théng ké. Xin nhin manh, ddy chi méi 1a mot két luan théng ké, va t6i chua ban dén y
nghia cta sb liéu nay trén quan diém 1am sang vi né khong nam trong pham vi cua thao
luan.

Il. Mé hinh héi qui logistic

Vi dy trén minh hoa cho phwong phép phan tich hdi qui logistic mang tinh “thu
cong”. That ra, md hinh hoi qui logistic c6 thé thé hién bang mot mé hinh chung. Goi p
1a xdc suét cua mot sy kién (trong vi du trén, “su kién” ¢ day 1a bénh ung thu tuyén tién
1iét), thi odd c6 thé dinh nghia nhu sau:

odd =—L—
I=p

Goi tinh trang phoi nhiém AO 12 x, va x c6 hai gid tri: 0 c6 nghia 12 khdng ting bi
phoi nhidm, va 1 biéu hién cho tinh trang timg bi phoi nhiém AO. M5 hinh hdi qui
logistic phat biéu ring log(odd) tuiy thudc vao gid tri cia x qua mot ham sb tuyén tinh
gdm 2 thong sé nhu sau:

log(odd)=a+ px+¢e
hay,

1og(1ij=a+ﬁx+g [1]
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Trong d6, log(odd) hay log(lij con duoc goi Ia logit(p) (va do do, médi cé tén

logistic); & va £ 1a hai thong s6 can udc tinh tir dit liéu, va €12 phén du (residual), tuc la
phan khéng thé giai thich bang x. Li do hoan chuyén tir p thanh logit(p) 1a vi p ¢6 gia tri
trong khoang 0 va 1, trong khi d6 logit(p) c6 gid tri v gidi han va do dé thich hgp cho
viéc phan tich theo mé hinh hdi qui tuyén tinh.

MO hinh trén gia dinh réng £tuan theo luat phan phéi chuén (normal distribution)
v6i trung binh bang 0 va phuong sai bat bién (constant variance). V&i gia dinh nay, gid
tr1 ki vong (expected value) hay gia tri trung binh cua log (ILJ cho bt cr gi4 trj ndo

4
cua x la: [a a+ fx (vi gia tri trung binh cta £1a 0). N6i cach khac, odd bi ung thu, tir

phuong trinh [1], 1a:

Odd — L — 60/+ﬁx+e [2]
I-p

Nhu vy mé hinh hdi qui logistic phdt biéu ring odd cua mét sy kién (ung thu
tuyén tién liét) tuy thudc vao x (tinh trang phoi nhiém AO). Duya vao phuong trinh [1],
nhém khoéng bi phoi nhiém (x = 0) c6 odd bi ung thu (goi tit oddy) 1a:
odd, = ¢“""" = ¢” [3]
va nhém tirng bi phoi nhiém (x = 1) ¢6 odd bi ung thu (odd))la:
Oddl — ea:+,6><l — ea+ﬁ [4]

Ti s cta hai odds chinh 1a odds ratio (va d6 chinh 12 1i do tai sao t6i dich odds
ratio 14 ti s6 nguy co). Ti sb6 nguy co — OR — ¢6 thé wéc tinh tir [3] va [4] nhu sau:

_odd, "’

— B
= =e 5
odd, €” >l

OR

Trong thyc té, ching ta khong biét gia tri that cua hai thong s6 «a va B, va phai
ude tinh tir s lidu quan sat dugc. Theo qui udc théng ké, uéc sd (estimates) cua hai
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thong sd nay duoc ki hiéu héa bang diu mi: a va [3 . Nhu trong trueong hop vi du 1, udc
s cua thong sb Bl1a S =0.824. Do d6, OR phén 4nh odd bi ung thu trong nhém bj phoi

nhiém AO so véi odd trong nhém khong ting bi phoi nhiém AO. Trong vi du I, e =
0.824
e =228.

lll. Wéc tinh théng sé ctia mé hinh héi qui logistic bang R

Nhu vura trinh bay, phuong phdp udc tinh OR va khodng tin cay 95% tuy don
gian, nhung khd dai dong. Trong trudng hop ¢6 nhiéu bién doc 1ap x, phuong phdp tinh
todn phtrc tap hon va phén tich bang phuong phdp thu cong nhu trén s& ton nhiéu thi gid.
Ngay nay, mdy tinh va cdc phadn mém thong ké c6 thé cung cép cho ching ta mot phuong
tién phan tich rat hitu hiéu. Mot trong nhitng phin mém chuyén phan tich théng ké c6 tén
don gian 12 R ma toi da c6 dip giéi thiéu trong cubn sich “Phdn tich sé liéu va tao biéu
d6 bang R’ (Nha xuét ban Khoa hoc va K§ thuat, TPHCM 2007).

O day, toi s& hudng din céch phén tich sb liéu trén bang R. Trudc khi phan tich,
can phai nhap dit liéu vao mot khudn khd ma R c6 thé “doc” duoc. Dé tién cho viée theo
doi, toi trinh bay bang sb liéu mot 1an nita & day:

Ung thu Dbi chiing
Phoi nhiém AO 11 17
Khong phoi nhiém AO va khong rd 36 127

O day, ching ta c6 hai bién, goi tit 12 ao va cancer; mdi bién c6 hai gid tri: 0 (khong)
va 1 (c6). Trong nhém ao = 1 (phoi nhidm) c6 28 dbi tuong, va trong sd nay c6 11
ngudi bi ung thu; trong nhém ao = 1 (khong phoi nhidm) c¢6 143 ddi twong va trong sb
nay c6 36 nguoi bj ung thu. Chiing ta s& “bé tri” s6 liéu trén bang R nhu sau:

ao <- c(1, 0)
ntotal <- ¢ (28, 163)
cancer <- c (11, 306)

proportion <- cancer/ntotal

Chu thich:
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e Dong 1 dinh nghia bién ao c6 hai gia tri 1 va 0 (chd ¥ ddu <— c¢6 nghia

__%\,

twong duong nhu déu bang “=");

e Dong 2 dinh nghia bién ntotals, va cho biét ao=1 c6 28 ddi tuong,
ao=0 c¢6 163 dbi tuong;

e Dong 3 dinh nghia bién cancer, va cho biét ao=1 c¢6 11 dbi tuong,
ao=0 c¢6 36 dbi tuong;

e Dong 4 dinh nghia bién proportion bang cancer chia cho
ntotals, c6 nghia la ti 1¢ ung thu cho tirng nhém ao.

Sau khi da nhap s liéu, ching ta da sin sang phén tich. Trong R c¢6 ham glm
chuyén dung cho phén tich hdi qui logistic. Céch viét ham nay da dugc mé ta trong sdch
cua t6i. O ddy, tdi chi giai thich ngin gon nhu sau:

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

Trong lénh trén, ching ta yéu cau R s dung ham glm dé mé ti proportion
nhu 12 mot ham s cia ao (chd y ddu ~ c¢6 nghia 1a md hinh), va phan phdi cua
proportion la phian phdi nhi phin (binomial) vi chi ¢6 2 gid tri. Ngoai ra, trong
Iénh trén, ching ta con cho mot thong s6 weight=ntotal. Thong s6 weight yéu
chu R st dung ntotal la mot $6 t6m lugce (thay vi mot bénh nhén).

Két qua phén tich duoc luu trit di twong c6 tén 1a logistic (tit nhién, ching
ta c¢6 thé thay doi véi mot tén nio khdc ma minh thich). Bay gio, ching ta c6 thé xem

qua két qua phan tich bang céch 1énh summary d6i tuong logistic nhu sau:

summary (logistic)

Call:

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

Deviance Residuals:
[1] 0 0
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Coefficients:
Estimate Std. Error z value Pr(>|z])

(Intercept) -1.2607 0.1888 —-6.677 2.44e-11 **x*
ao 0.8254 0.4306 1.917 0.0552
Signif. codes: 0 '***' (Q.001 '**' Q.01 '*' 0.05 '.' 0.1 ' "1

(Dispersion parameter for binomial family taken to be 1)
Null deviance: 3.5022e+00 on 1 degrees of freedom
Residual deviance: -2.3093e-14 on 0 degrees of freedom

AIC: 12.933

Number of Fisher Scoring iterations: 3

Bang 2. Két qua phan tich hdi qui logistic bang R.

Chi thich: Lénh summary(logistic) cung cip cho ching ta cdc két qua phén tich nhu
trinh bay trong Hinh 1 trén.

(a) Phan “Call:” bdo cho chiing ta biét md hinh phan tich;

(b) Deviance: phan thir hai ctua két qua cho biét qua vé deviance, tirc phan du (hay
residual trong md hinh [1]).

Deviance Residuals:
[1] 0 0

Deviance nhu giai thich trén phan dnh d§ khac biét gitra md hinh va dir li¢u (cling tuong
tu nhu mean square residual trong phan tich hdi qui tuyén tinh vay). Déi voi mot mod
hinh don 16 nhu vi dy nay thi gid tri cua deviance khong c6 ¥ nghia gi nhiéu.

(c) Phan ké tiép cung cép ude sb cia oo (ma R dat tén 1a intercept) va f (ao) va sai
s6 chuén (standard error) cho tirng udc $6:

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 '***' (Q.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
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Qua két qua nay, ching ta c6 & = -1.2607 va ,5’ =-0.8254. Uéc sb ,3 1a s6 duong, cho
thdy mbi lién hé giita cancer va ao 12 mdi lién hé thudn: nguy co ung thu ting khi gid
tri cia ao ting. Tuy nhién, kiém dinh z (tinh bang cich liy udc s chia cho sai s6
chuin) cho ching ta thiy anh hudng ciia ao khong hin c6 y nghia thong ké, vi tri sd p =
0.055.

Xin nhéc lai, OR chinh 1 ¢™*** = 2.28 (trc phwong trinh [5]) ma ching ta vira c6 duoc
qua phan tich thi cong trong phan trén. N6i cdch khdc, khi ao=1 thi nguy co ung thu
tang 2.28 1an so voi nhém ao=0.

(d) Cic phan ké tiép cung cap mot sb chi sb théng k& vé mo hinh, nhung khong c6 lién
quan dén van dé chiing ta quan tim, nén t6i s& khong giai thich & day.

Nhu trinh bay trén, khong c¢6 khdc biét nao gitra két qua phan tich bang R va két
qua qua phan tich thu cong. Tuy nhién, loi thé khi phan tich bang mdy tinh 12 thoi gian.
Sau khi nhap dit liéu, tit ca céc tinh todn bang R qua 1énh trén tn khong day 1 gidy!
Ngoai ra, R con cung cip cho chiing ta céc sai s6 chuén thuong rat khé tinh trong truong
hop phan tich da bién (ma tdi s& ban qua trong mot bai sau).

IV. Phan tich héi qui logistic véii mét bién lién tuc

Trong vi du 1, ca hai bién phu thudc (ung thu) va bién doc 1ap (phoi nhiém AO)
déu 1a bién nhj phan. Do d6, viéc tinh todn ciing don gian. Nhung trong nhiéu nghién
ctru, bién doc 1ap (hay yéu tb nguy co) 12 bién lién tuc, va viéc tim hiéu mdi twong quan
giira hai bién c6 phan phtic tap hon. Trong phan nay, t6i s& ban qua mot trudng hop nhu
thé va s& st dung R dé giai quyét van dé.

Vi du 2. Nghién ctru mdi twong quan giira fibrinogen va EST. Erythrocyte
sedimentation rate (ESR) 12 ti sudt ma cdc hong huyét cau (erythrocytes) dong lai trong
huyét thanh. Bénh nhin véi ESR cao hon 20 mm/gié ¢6 nguy co cao bi bénh thap khép,
va cac bénh viém man tinh; va bénh nhan véi ESR thfip hon 20 duoc xem la “binh
thuong”. Khi ESR ting, mot sd protein trong mdu ciing gia ting. MOt trong nhiing
protein d6 1 fibrinogen. Mot nghién ctru do ludng ESR va fibrinogen & 29 ddi twong
(Collett D, Jemain AA. Residuals, outliers and influential observations in regresison
analysis. Sains Malaysias 1985; 4:493-511) , va cic nha nghién ctru phat hi¢n trong
nhém nay c6 6 d6i twong véi ESR cao hon 20 mm/gid. Céc nha nghién ctru mudn biét c6
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mdi twong quan nao giita fibrinogen va ESR hay khong. S6 liéu cia 29 dbi twong duoc
trinh bay trong Bang s6 3 sau day:

Bang 3. Fibrinogen va ESR ¢ 29 doi twong
id fibrinogen ESR
1 2.52 0
2 2.56 0
3 2.19 0
4 2.18 0
5 3.41 0
6 2.46 0
7 3.22 0
8 2.21 0
9 3.15 0
10 2.60 0
11 2.29 0
12 2.35 0
16 3.15 0
18 2.68 0
19 2.60 0
20 2.23 0
21 2.88 0
22 2.65 0
24 2.28 0
25 2.67 0
26 2.29 0
27 2.15 0
28 2.54 0
30 3.34 0
31 2.99 0
32 3.32 0
13 5.06 1
14 3.34 1
15 2.38 1
17 3.53 1
23 2.09 1
29 3.93 1
Ghi chi: id 1a ma s6 ctua doi twgng nghién clru;
esr dugc ma héa 0 (néu ESR thap hon 20) hay 1
(n€u ESR cao hon 20).

Goi p 12 xdc suit esr=1 va x la lugng protein fibrinogen trong mau, mo hinh hoi
qui logistic [1] c6 thé tng dung dé tra 151 ciu hoi trén:

1og(ij:a+ﬁx+g 6]
l1-p
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Chd y rang & ddy, x 1a mot bién lién tyuc, chir khong phai bién nhi phan. Vi thé
phuong phdp wéc tinh thong sé o va B ciing khéc véi vi du 1. Phuong phap chinh dé udc
tinh thong sb trong md hinh [6] 12 phuong phip maximum likelihood — tirc phuong phép
Hop i cuc dai, va khong nam trong pham vi ctia bai viét ndy, nén toi s& khong trinh bay
¢ day (ban doc c6 thé tham khao sdch gido khoa dé biét thém, néu can thiér). Tuy nhién,
t6i mudn dé cap ngin gon 1a phuong phdp hop 1i cuc dai cung cip cho ching ta mot hé
phuong trinh nhu sau:

-1

iyi = Zn:(1+e_(d+/}x‘))

i=1

i=1 i=1

Trong d6, Trong d6, y; 1a bién phu thudc (esr véi gid tri 0 hay 1), va x; 1a bién doc lap
(fibrinogen), va n 1 s6 mau. Dé tim udc sé & va ,3 (wdc s ctia o va B, mot trong nhing
phép tinh hay sir dung la iterative weighted least square hay Newton-Raphson. R st
dung phép tinh Newton-Raphson dé tim hai udc s6 d6.

Trude khi phén tich, ching ta can phai nhap sé liéu vao R nhu sau (chiing ta
khong can nhap bién id):

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, 2.7, 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 <- c¢(0, 0, 0, 0, O, 0, 0, 0, 0, 0, O, O, 0, O, O, O, O, O,

data <- data.frame(fibrinogen, esr)

Chd y 1énh tht ba yéu ciu R nhap hai bién £ibrinogen va esr vio mot dit lidu c6 tén
12 data dé tién cho viéc phén tich sau nay.

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

Lénh tha nhét yeu ciu R v& biéu do hinh hop (box plot) vé fibrinogen phan nhém theo
bién esr, va két qua duoc trinh bay trong biéu do 2 dudi ddy. Lénh thir hai sir dung
kiém dinh t . test trong R dé xem su khdc biét vé fibrinogen giira hai nhém ESR ¢6 y
nghia thong ké hay khong, va két qua duoc trinh bay trong Bang 3 dudi day:
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Welch Two Sample t-test

o data: fibrinogen by esr
© i t = -1.6498, df = 5.331,
4 i p-value = 0.1563
5 3 5
g @ alternative hypothesis: true
5 ° -
* = : difference in means is not equal to O
0 | 95 percent confidence interval:
i — : ~1.8666562 0.3907588
[9\) T T

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

Biéu d6 2. Biéu do hinh hop d6 phéan phdi cua | Bang 4. Kiém dinh t giita hai nhém cao va thap

fibrinogen gitta hai nhém ESR. ESR.

Phan tich don gian trén day cho thdy do fibrinogen trung binh ¢ d6i tuong c6 ESR cao
(thc esr = 1) l1a 3.39 mm/gid, c6 phan cao hon so voi nhém ESR thap véi do
fibrinogen trung binh 1 2.65 mm/gid. Nhung sy khdc biét nay khong c6 ¥ nghia thong
ké (p = 0.1563).

Bay gid chiing ta phan tich bang phuong phép hdi qui logistic v6i ham glm trong R nhu
sau:

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

Chu y cdch viét 1énh ciing khong khéc gi so véi vi du 1, Két qua cua phan tich nay duoc
trinh bay trong biéu do 3 sau day:

Call:

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

Deviance Residuals:
Min 10 Median 30 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 '.' 0.1 " "1
(Dispersion parameter for binomial family taken to be 1)

Null deviance: 30.885 on 31 degrees of freedom
Residual deviance: 24.840 on 30 degrees of freedom

AIC: 28.840

Number of Fisher Scoring iterations: 5

Bang 5. Két qua phén tich sy twong quan giira fibrinogen va ESR

Vi két qua trén, phuong trinh [6] ¢4 thé viét nhu sau:

log (1&) =—6.8451+1.8271x
-p

Nhu vdy OR lién quan dén fibrinogen 1a: OR = ¢'*?7 = 6.21 (nhu giai thich & phuong
trinh [5]). N6i cach khac, khi fibrinogen tang 1 mmol/L, thi odd v6i esr cao tang 6.21

lan. Chiing ta c6 thé tinh khoang tin cdy 95% ctia OR bang 1énh sau ddy:
exp(confint (logit.esr, parm="fibrinogen"))

Chi ¥: 1énh trén yéu cau tinh sb mil (exp) ctia khoang tin ciy 95% (confint — viét tit
tir confidence interval cua théng s fibrinogen (parm — viét tit ciia chit parameter)
trong ddi twong phén tich logit .esr. Két qua la:

2.5 % 97.5 %
1.403468 54.535954

Tuc khoang tin cdy 95% cia OR lién quan dén fibrinogen dao dong tir 1.40 dén 54.5.
Boi vi khoang tin ciy 95% cao hon 1, ching ta c6 bang chimg dé phat biéu ring méi lién

h¢ gitra fibrinogen va ESR ¢6 ¥ nghia thong ké. That ra, tri s p ctia mdi lién hé nay Ia
0.0425 (xem Bang 5).

V. Anh hwéng twong tac (interaction effect)

Hai vi du trén, t6i da gidi thiéu qua cich phan tich hdi qui logistic cdc nghién ctru
ma bién doc 1ap cé thé 12 bién lién tuc hay bién khong lién tuc, nhung mo hinh chi don
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gian gidi han mot bién doc lap. Tuy nhién, trong nhiéu nghién ciru khoa hoc, ¢6 rat nhiéu
bién doc 1ap ma nha nghién ciru mudn tham dinh méi twong quan hay anh huéng dén mot
bién phu thudc. Trong phan ndy, tdi s& ban vé mdt nghién ctru voi hai bién doc 1ap, va
van dé tuong tic giita cdc bién doc 1ap.

Vi du 3. Nghién ctru vé vai tro ciia phu nir trong xa hdi. Trong mot diéu tra xi
hoi thuc hién vao nim 1971-1972, cac nha nghién ctru hoi dbi tuong — nam va nit — dong
¥ hay khong dong ¥ v6i cau hoi sau ddy: “Phu nit nén lo viéc nha va dé viéc diéu hanh
nha nudc cho dan ong” (Harberman SJ. The analysis of residuals in cross-classified
tables. Biometrics 1973;29:205-220). Céc nha nghién ctru ghi nhan trinh d hoc vén va
gi6i ctia mdi ddi tugng. Két qua nghién ciru c¢6 thé tém luge bang Bang s6 lidu sé 6 sau
day.

Bang 6. Vai tro cia phu nir trong xa hi

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
1 Female 1 0
2 Female 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

14 Female 18
15 Female 7
16 Female 13
17 Female 3
18 Female 0
19 Female 1
20 Female 2

92
81
34
115
28
21
2

4

Ghi cha: Trong bang trén, bién edu 12 trinh dd hoc van (do béng $6 nam theo hoc) cua

ngudi tra 101, agree va disagree 1a sé d6i twong dong ¥ hay khong dong ¥ véi cu

hoéi. Ching han nhu trong dong cudi ciia bang s lidu c6 nghia 12 trong s phu nit véi 20

nam hoc, 2 nguoi dong ¥ va 4 nguoi khdong dong ¥ vai cau hdi.

Céc nha nghién ctru muon udc luong sy dnh hudng cua gidi tinh va trinh d§ hoc

van dén xu hudng tra 161 cau hai trén.

beé tién cho vi¢c theo doi, cac s6 li€u trong bang trén trude hét s€ dugc nhap vao

R. Céc Iénh sau diy tao ra 4 bién: edu, sex, agree va disagree. Ngoai ra, hai

bién ntotal (téng sb dbi tugng) vi proportion (phin trim dbi twong dong ¥ véi ciu

hoi) cling dugc tinh todn tir hai bién agree va disagree. Cic s0 li¢u nay s€ dugc luu

trr trong mot dir li€u c6 tén 1a women.

edu <- c (0, 1, 2, 3,
11, 12, 13, 14,
0, 1, 2, 3,
11, 12, 13, 14,

sex <- c(0, 0, 0, 0,
0, 0, 0, 0,
1, 1, 1, 1,
1, 1, 1, 1,

agree <- c(4, 2, 4,

36, 115, 31, 2
1, 0, 6, 1
1%0, 17, 18,

disagree <- c(2, 0, 0,
59, 245, 70,

0, 0, 1,

403, 92, 81,

ntotal <- agree + disagree
proportion <- agree/ntotal

4, 5, 6, 7, 8, 9, 10,
15, 16, 17, 18, 19, 20,
4! 5! 6! 7! 8, 9, lO,
15, 1e, 17, 18, 19, 20)
0, 0, 0, 0, 0, o, O,
0, 0, 0, 0, 0, 0,
1, 1, 1, 1, 1, 1, 1,
1, 1, 1, 1, 1, 1)

5, 13, 25, 27, 75, 29, 32,

9, 15, 3, 1, 2, 3, 4,
14, 17, 26, 91, 30, 55, 50,
13, 3, 0, 1, 2)

3, 5, 7, 9, 15, 49, 29, 45,
79, 23, 110, 29, 28, 13, 20, 2,
0, 7, 5, 16, 36, 35, 67, 62,
34, 115, 28, 21, 2, 4)
disagree, ntotal, proportion)

women <- data.frame(edu, sex, agree,

Trudce khi phén tich, chiing ta thtr tim hiéu ti 18 déng ¥ (tic bién proportion)

theo trinh d6 hoc véan va gidi tinh, v6i hai 1énh sau ddy: Lénh thtr nhét thé hién sy twong
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quan gifta ti 1& ddng y va trinh d6 hoc van, va két qua trinh bay trong Biéu dé 3; 1énh thir
hai v& biéu do hinh hop vé ti 1& dong ¥ theo gidi tinh (Biéu dé 4):

plot (proportion ~ edu, ylab="% agreed", pch=ifelse(sex==0,16,21))
boxplot (proportion ~ sex)
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Biéu do 3. Ti 1€ doi tuong dong y véi cau | Biéu do 4. Ti 1€ doi tuong dong y voi
hoi theo trinh d§ hoc van. Céc di€m tron den | ciu hoi theo gidi tinh. Truc hoanh 0 thé
the hién doi tuong nit, va cdc di€ém tron trang | hién doi tugng nir, 1 thé hién doi tuong
the hién doi tuong nam. nam.

Biéu do 3 cho thiy 16 rang c¢6 mot mdi tuong quan nghich déo giira ti 18 ddng ¥ va trinh
d6 hoc van: d6i tuong c6 trinh d§ van héa cang cao, ti 1€ d@)ng y cang thép. Tuy nhién, ca
hai biéu do cho thiy anh hudng cua gidi tinh ¢6 vé khong quan trong, du ti 1& nir dong ¥
c6 vé cao hon so voi nam gioi.

Goi p 1a x4c suat dong y vdi cau hdi, va vdi két qua phan tich so b trén, chiing ta

6 thé xem xét mot md hinh don gian ma theo d6 ti xdc suit dong ¥ tiy thudc vao trinh
d6 hoc van va gi6i tinh. N6i theo ngdn ngir ciia mé hinh hdi qui logistic:

log (ILJ =a+ fxedu+ yXsex [7]
-p
V3, theo ngdn ngit may tinh R (két qua trinh bay trong Bang 7):

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

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

Deviance Residuals:
Min 10 Median 30 Max
-2.72544 -0.87168 -0.0844s8 0.88843 3.13315

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

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

sex -0.01145 0.08415 -0.136 0.892

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

Signif. codes: 0 '***' (0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

(Dispersion parameter for binomial family taken to be 1)
Null deviance: 451.722 on 40 degrees of freedom
Residual deviance: 64.007 on 38 degrees of freedom

AIC: 208.07

Number of Fisher Scoring iterations: 4

Bang 7. Két qua phan tich hoi qui logistic ctia mé hinh [7]

Két qua trén cho thay rd rang anh huéng cua trinh d6 hoc van dén xu huéng dong ¥ véi
cau hoi (p < 0.0001), nhung giGi tinh khong c6 anh hudng dang ké (p = 0.892).

M6 hinh [7] con ¢6 tén la mé hinh cong huwong (additive model hay main effect
model), boi vi mo hinh nay phét biéu rang trinh d6 hoc van va giéi tinh anh huéng déc
lgp dén ti 1& dong y. Cum tir “doc 1ap” ¢ ddy c6 nghia 13 anh hudng cua trinh d6 hoc van
hoan toan khong tuy thudc vao anh hudéng cua gidi tinh (va ngugc lai, anh huong cua gidi
tinh — néu ¢4 — hoan toan khong phu thudc vao trinh d§ hoc vén).

Trong thuc té, d6 12 mot md hinh don gian, bdi vi thdi d va hanh x{r cia nam va
nit ¢6 thé khéc nhau du ho c6 cing mot trinh d§ hoc van. Néu diéu d6 xay ra, thi mo hinh
cong huong [7] khong con phit hop trong thyc té nita. Vi thé, truée khi chip nhan md
hinh cong hudng, chiing ta phai xem xét dén mé hinh tiwong tdc (interaction model) giita
gidi tinh va trinh d6 hoc van. M6 hinh twong téc phét biéu rang:
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log(lij=a'+,3><edu+7><sex+§><edu><sex [8]

Véi R, mo6 hinh trén duogc viét nhu sau:

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

summary (interaction)

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

Deviance Residuals:
Min 10 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 '***' (Q.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

(Dispersion parameter for binomial family taken to be 1)
Null deviance: 451.722 on 40 degrees of freedom
Residual deviance: 57.103 on 37 degrees of freedom

AIC: 203.16

Number of Fisher Scoring iterations: 4

Bang 8. Két qua phén tich hdi qui logistic ctia mé hinh twong téc [8]

Két qua trén cho chiing ta mot “birc tranh” hoan toan khdc v6i mé hinh cong hudng: tat
ca ba thong s sex, edu va tuong tic sex: edu (dau “:” c¢6 nghia 12 tuong tic trong R)
déu c6 y nghia théng ké. Dé hiéu md hinh nay, ching ta can phai viét lai mo hinh [8]

bang céic udc so trong Bang 8:

log (%j =2.098+0.905% sex—0.234x edu —0.08 1 X edu x sex
—-p

Chuwong trinh huén luyén y khoa YKHOA.NET Training — Nguyén Vin Tuén 19




Phuong trinh cho nit (tic sex = 0) la:
P
log| —
o[i2;
Phuong trinh cho nam (tic sex = 1) la:

J =2.098-0.234x edu

log (ILJ =2.098+0.905-0.234x edu —0.081x edu

—-p

=3.003-0.315%xedu

N6i cach khéc, ching ta ¢6 2 phuong trinh vé6i cho hai gigi tinh. O nir, mdi nim ting vé
hoc Vé.ll, OR = 0% = 0.79, nhung ¢ nam, OR = e =0.73.

M0t cdch khdc dé cam nhan sy khéc biét gitra hai nhém Ia qua biéu d6 (xem ma dé v& hai
biéu d6 nay trong phan Chi thich). Hai biéu d6 sau diy mo ta ti 16 dong y va trinh do
hoc vAn cho nam va nit dua vao md hinh cong hudng [7] va mo hinh tuong tac [8]:

1.0

— Fitted (Men)
---- Fitted (Women)

% agreed
0.6

0.4

0.2

0.0
|

Education

1.0

S~ — Fitted (Men)
) Fitted (Women)

% agreed
06 08

0.4

0.2

0.0

Education

Biéu d6 5. Tién dodn ti 1& doi twong dong ¥
v6i cau hdi theo gidi tinh dua vao mo hinh
cong hwong: dudng khong dut doan thé hién
nam, va duong dut doan thé hién nit.

Céc diém “o” thé hién doi tuong nit, va cac

di€ém “*” thé hi¢n doi tugng nam.

Biéu d6 6. Tién dodn ti 1& doi twong dong ¥
v6i cau hdi theo gidi tinh dua vao mo hinh
twong tdc: dudong khong dut doan thé hién
nam, va duong dut doan thé hién nit.

Céc diém “o” thé hién doi tuong nit, va cac
diém “*” thé hién ddi tuong nam.
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Biéu d6 5 cho thdy hai duong biéu dién cho nam va nit hdu nhu tring nhau,
nhung Biéu dd 6 cho thiy xdc suit ddng ¥ v6i ciu hoi khdc nhau gitta nam va nit va do
khéc biét con tuy thudc vao trinh d hoc van. Chéng han nhu ¢ nhitng dbi tuong c6 trinh
d6 hoc vén thap hon 10 nim, nit ¢6 xu huéng dong ¥ cao hon nam; nhung & nhiing dbi
twong c6 trinh d6 hoc van cao hon 10 nim, nam c¢6 xu huéng dong ¥ hon nir. Trong bdi
canh cta ciu hoi, nhitng ddi twong vdi trinh d hoc véan thip thudng dong ¥ voi quan
diém rang phu nit nén lo viéc nha va dé viéc “qudc gia dai sy” cho nam diéu hanh, nhung
v6i nhitng ddi tugng c6 trinh @ hoc van cao, phan 16n déu khong dong ¥ véi quan diém
nay, va phan tmg ciia nit khdc v6i nam tily vao trinh d6 hoc van. D6 chinh 12 ¥ nghia cia
anh hudng tuong tac!

Qua vi du trén, ching ta thiy néu phan tich s liéu theo théi quen ma khong xem
xét dén kha ning anh hudng twong téc, rat dé di dén két luan sai hay bé qua nhiing thong
tin quan trong. X4y dung m6 hinh trong phan tich thong ké va khoa hoc néi chung 1a mot
van dé phirc tap, va toi s& ban dén trong phan sau.

Trong bai sau (hi vong 12 c6 thi gio) tdi s& ban qua vé md hinh hodi qui logistic da

bién, anh hudng phi tuyén tinh (non-linear effect) va cic phuong phép cling tiéu chuin dé
xay mot mo hinh logistic hoan chinh.
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Chu thich:

Thuat ngir sit dung trong bai

Tiéng Anh Tiéng Viét

Logistic regression model Mo hinh héi qui logistic
Control D6i chiing

Variable Bién

Continuous variable Bién lién tuc

Discrete variable Bién khong lién tuc hay bién rdi rac
Dependent variable Bién phu thudce
Independent variable Bién doc lap

Maximum likelihood method Phuong phap hop Ii cuc dai
Additive model M06 hinh cdng hudng
Interaction model M0 hinh tuong tac

Ma R dé vé biéu do 5 va 6

# tao mét ham dé vé, goi ham la myplot

myplot <- function(predicted)

{

f <- data$sex ==

plot (data$edu, predicted, type="n"

ylab="% agreed", xlab="Education", ylim=c(0,1))

lines(data$Sedu[!f], predicted [!f], 1lty=1)
lines(data$edu[f], predicted[f], 1lty=2)

lgtxt <- c("Fitted (Men)", "Fitted (Women)")
legend ("topright", 1lgtxt, lty=1:2, bty="n")

y <- data$agree/data$ntotal

# text (dataSedu, y, ifelse(f, "d", "OMy, cex=1.25)
text (data$edu, y, ifelse(f, "o", "*"), cex=1.25)

}

# vé biéu dé 5 - mé hinh céng hudng - additive model
additive <- glm(proportion ~ sex+edu,

family="binomial”, weight=ntotal, data=data)
p.additive <- predict(additive, type="response")
myplot (p.additive)

# vé biéu d6 6 6 - mé hinh tuwong tdc - interactive model
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interaction <- glm(proportion ~ sex+edu,

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