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Mo hinh dnh hwéng hon hop (mixed-effects model)

Nguyén Vin Tuén

Trong bai trudc (“Kiém dinh outlier) toi su dung s6 liéu thu thap tr mot thi
nghiém trén chudt lién quan dén nong do ‘duong trong mdu. Bai nay s hudng dan cich
phén tich sd lidu dé kiém dinh gia thuyet vé anh hudng cua thubc bang mot md hinh
thong ké duoc xem 12 “chudn vang” hién nay: d6 12 mé hinh mixed-effects ma t6i tam
dich 12 “mé hinh anh huéng hdn hop”. Phan tich bang mé hinh niy cin c6 mdy tinh va
chuong trinh phan tich thong ké. Toi s& st dung phan mém R dé phan tich, va sé& trinh
bay cdc ma trong bai dé ban doc d& dang theo dai.

Xin nhéc lai thiét ké cua thi nghiém. Nghién ctru c¢6 19 chudt, dugc chia thanh 2
nhém: nhom thtr nhét du:0’c cho uéng thuéc n=9 chuot) va nhém thr hai la nhém chiing
(khong ubng thudc, gom 10 chudt). O mdi chudt, ndng do duong trong mau dugc do 4
thoi diém: trudce khi udng thudc (T0), 2 gio, 3 gid, va 4 gid sau khi udng thudc (tam ki
hiéu T2, T3 va T4). Két qua cua thi nghiém nhu sau:

Bing 1. Nong d9 glucose ciia nhém chudt dwgc diéu tri va nhém chirng

Treatment Id TO T2 T3 T4
Test 1 5.9 3.9 3.9 3.6
Test 2 5.3 4.7 3.5 3.2
Test 3 4.6 3.7 33 32
Test 4 6.2 4.6 4.3 39
Test 5 6.0 54 5.2 4.8
Test 6 6.4 4.7 4.8 4.3
Test 7 7.6 4.1 3.8 4.1
Test 8 5.9 3.1 3.6 33
Test 9 7.5 6.1 54 4.6
Control 10 6.2 5.3 4.9 4.5
Control 11 6.9 5.6 5.9 59
Control 12 5.6 4.7 4.6 4.0
Control 13 5.1 3.9 2.9 2.9
Control 14 5.7 4.7 4.3 4.6
Control 15 5.0 4.0 3.5 3.3
Control 16 5.2 4.2 4.0 3.8
Control 17 7.7 6.2 6.1 5.7
Control 18 8.0 5.8 6.5 6.0
Control 19 7.7 5.0 6.3 6.2

Chii thich: id 12 cot chi ma s6 cta chuot.



Chiing ta thiy ndng do dudng (s& goi 12 glucose) & ca hai nhém cé xu hudng giam
theo thoi gian. CAu héi chinh 13 thudc c6 anh hudng dén su thuyén giam glucose hay
khong? Cum tr “4nh huong” & diy c6 thé hiéu rd hon: né chinh 1a sy khdc biét
(difference) vé mic d6 giam glucose giira hai nhém chudt. Vi thé, cau hoi trén c6 thé
dién giai mot cach dinh lwong nhu sau: mirc do giam glucose & nhém udng thube cao
(hay thap) hon nhém chiing hay khong?

Tham dinh s6 liéu

Ching ta cdn mot md hinh dé mo ta mirc d6 giam cho méi chudr. Hay xem xét
chudt s6 1 (id = 1) vdi cac so liéu sau day (goi T la thoi diém):

Trude khi udng thude (T=0) thi glucose = 5.9 mmol/L

Sau khi udng thubc 2 gio (T=2), glucose giam xubng 3.9 (tic giam 33%)

Sau khi udng thudc 3 gid (T=3), glucose van & 3.9 (tirc giam 33%)

Sau khi udng thudc 4 gio (T=4), glucose giam thém mét chiit 3.5 (tirc giam 41%)

Nhung ddi véi chudt ¢6 id = 9 thi ndng do glucose lic dau cao hon (9 mmol/L),
va giam lién tuc dén thoi diém 4 gio sau khi udng thude con 4.6 mmol/L, tic giam 49%.
Ching ta c6 thé xem xét qua su thay d6i ndng do glucose cho timg chudt bang biéu do 1
sau ddy (xem chd thich vé 1énh Stata):
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Biéu d6 1. Nong do glucose cho ting chudt qua timg thoi diém.

Xem xét qua hai truong hop trén va biéu d6 1 cho chiing ta thay hai diém dang
chu y: tht nhat nong do glucose liic ban dau (baseline) khac nhau gitra cac chudt; va tho



hai, toc do (rate) gidm glucose ciing khac nhau gitra cdc chudt. Ching ta can mot so ki
hi¢u dé ban luan vé mo hinh:

e jlamisd dinh danh cuachuot 1dn19(G=1,2,3, ..., 19);
e y;1andng do glucose do ludng duge cho chudt i;

e g;1a ndng d6 glucose trudc khi udng thude cua chudt i;

e b;1atdc do giam glucose ciia chudt i.

. T(A)ch(f) giam glucose tily thudc vao thoi gian va thoi gian ¢6 thé tam ki hiéu bang
T. OdayT=0,2,3,va4.

Chiing ta c6 thé hinh dung ra mt md hinh dé mo ta sy thay ddi néng do
glucose ¢ tung chudt nhu sau:

y; =a;,+bT

Mo hinh trén phét biéu rang gid tri glucose do ludng cua timg chudt duoc xdc dinh bing
gid tri ldc ban dau (chwa can thiép) va toc do thay d6i theo thoi gian 7. Nhung & dy,
chiing ta chi do luong nong do glucose qua 4 thoi diém, va mdi lan do luong déu cé do
nhiéu (tirc khong hoan toan chinh xéc, do ki thuat do luong hay do sy dao dong sinh hoc
& mdi chudt ma ching ta chwa biét), cho nén ching ta can thém mot thong sé khéc dé cho
mo hinh hoan chinh hon. Théng sé d6 1a d6 nhifu va tam ki hiéu bang ¢;. Bay gi¢ thi md
hinh trén tr¢é thanh:

v, =a,+bT +e, [1]
Pay 12 md hinh hdi qui tuyén tinh (linear regression model) ma c6 1& cdc ban di timg biét

qua. Dbi voi chudt id=1, chiing ta c6 thé ude tinh thong sd a va b trén bang 1énh R nhu
sau:

T = C(Or 2! 3! 4)

y = c(5.9, 3.9, 3.9, 3.6)

Im(y ~ T)

Coefficients:

(Intercept) T
5.6171 -0.5743

Do d6, a; = 5.6 va b; = -0.57. Néi céch khic ude sb nérlg do glucose lic ban dau gﬁa
chudt 1 1a 5.6 mmol/L, va giam khoang 0.57 mmol/L mo6i gio (60 phut) sau khi uong
thudc. Phan tich tuwong ty ching ta s€ cé udc s6 cho chudt s6 9 la: a; = 7.52 va by = -
0.72.




Im(y ~ T)

Coefficients:

(Intercept) T
7.52 -0.72

Biéu d6 2 sau ddy cho chiing ta thiy sy dao dong cua ndng do glucose lic ban dau ciing
nhu toc do thay doi glucose theo thoi gian gitta cdc chudt (xem phan chd thich dé biét
céach vé biéu do nay bang Stata, néu ban doc muon biét):

glucose

Biéu d6 2. Dao dong ndng do glucose cho ting chudt giita cdc
thoi diém.

Chung ta thdy rang thong sb a;, b; 12 hai thong sé ching ta quan tim. Nén nhé
rang hai thong s6 nay dao dong giita cdc chudt, cho nén ching ta can ki hiéu i dé nhic
nhé. Néu chudt trong nghién ciru dugc phan nhém maot cich ngau nhién, chiing ta ki vong
rang nong do trung binh ldc ban dau (tc trung binh a;) giita hai nhém s& khong khic
nhau, va anh huéng cia thudc chu yéu dugce phan anh qua tdc do ting glucose giira hai
nhém (tc trung binh b;).

Chiing ta thtr kiém dinh sy khdc biét giira hai nhém bang phuong phép kiém dinh
t (qua R) nhu sau
y = c(5.9, 5.3, 4.6, 6
6.2, 6.9, 5.6, 5.

treatment = rep(c(1,0), c(9,10))




# lénh trén tao ra bién sb treatment véi 2 gid tri 0 d& chi nhém ching gém 10
chuét, va 1 d& chi nhém thubc gdm 9 chudt

t.test(y ~ treatment)

t = 0.3164, df = 16.849, p-value = 0.7556
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-0.876183 1.185072
sample estimates:
mean in group 0 mean in group 1
6.310000 6.155556

Ching ta thiy qua két qua trén rang ndéng do glucose lic ban dau trong nhom ching la
6.31 va nhém dicu tri la 6.16, va do khac biét nay khong cé y nghia thong ké (p =
0.7556).

M6 hinh anh hwéng hon hop (mixed-effects model)

Pay 1a mo hinh “state-of-the-art” trong théng ké hoc _ngay nay. NOi mot cich
ngin gon, md hinh nay cho phép ching ta danh gid cdc yéu t6 ngau nhién (random
effects) va khong ngau nhién (fixed effects). Rat khé giai thich hai khdi niém nay (va
ngay ca sdch gido khoa con lam cho ban doc rdi ram thém), nhung to1 s& ¢ gang giai
thich mgt cach don gian nhét va hi vong rang ban doc s& hiéu duogc. (Néu khong hiéu,
céc ban c6 thé viét cho toi va néi nhu thé, dé toi ty nhan minh that bai trong giai thich va
s& tim cdch giai thich tiép). Xin néi trude: ching ta dang néi chuyén If thuyét (mé hinh),
nén can mot chit ... tuéng tuong!

Xin nhéc lai, qua md hinh [1] ching ta phét biéu rang ndng do glucose & mdi
chudt i & mot thoi diém 7T 1a két qua cua 3 gia tri: (a) néng do glucose lic ban dau
(baseline glucose); (b) ti 1& thay dbi tury theo thoi gian T; va (c) gié tri nhidu do do ludong
va do dao dong sinh hoc ma ching ta khong giai thich duoc (e)):

v, =a,+bT +e,
Theo mo hinh nay: néng do glucose cua chudt 1, 2, 3, ..., 19 va sb liéu udc tinh (quan
sat) duoc la:

M6 hinh Quan sat
yi=ar+bT+e y1=5.62-0.57T + ¢,
v2=ax+bT+e y2=542-055T+ e,
y3=az+bT+e; y3=4.52-037T + 3

Y19 = dj9 "|'“b]9T + e yi9 =7.07 .—“0.34T+ el9




Quan sat mo hinh trén ching ta thiy nong do glucose lic ban dau dao dong trong khoang
5 dén 8 mmol/L, nhung ching ta khong biét sé that 12 bao nhidu. Do d6, ching ta c6 thé
gia dinh bang mot mod hinh don gian ring ndng do glucose lic ban dau gitra cac chudt
bang mot s0 trung binh cong (hay trir) d§ khdc biét gilra cdc cac chudt voi s6 trung binh
dé. Goi sb trung binh 1a A va u 1a d0 khac biét ctia a; so véi A, chiing ta c6:

=A+u [2]

Boi vi toe do thay 601 (giam) glucose ciling dao dong gitra cac chudt, do d6 ching ta cling
c6 thé gia dinh rang toc do trung binh 12 B va d6 khéc biét gittab; vaB la v :

bi=B+v [3]

Thay thé [2] va [3] vao phuong trinh [1] chiing ta c6 (t6i viét lai phuong trinh 1 dé d&
theo doi):

v, =a,+bT +e, [1]
=A+u)+B+v)T+e;
Sép xép lai phuong trinh trén cho gon, ching ta c6:
=@ +BT)+(u + vl +¢) [4]

Thay gi qua phuong trinh trén? Phuong trinh ¢6 2 phan phan dau, (A + BT), 1a
phan ma gidi thong ké hoc goi 1a “fixed effects” (anh hudng co dinh — thuat ngir khong
may chinh xdc nhung ching ta tam hiéu 12 anh huong khong ngiu nhién); phan hai, (u +
vT + e;), 12 phan ° randpm effects” (anh huong ngau nhlen) So di goi anh hudng ngau
nhién 13 vi u, v va e déu la c4c thong s6 phan anh d6 nhiéu (noise) ctia md hinh. Cic

thong sb trong phuong trinh niy c6 ¥ nghia nhu sau:

e A landng do glucose trung binh lic ban du (trudc khi udng thude) cua quan
thé cac chudt dugc nghién ctru;

e B latdc do trung binh (ti 1é giam ndng do glucose) tinh trén mdi gid cua céc
chudt trong nghién curu;

® y phan anh d6 dao dong vé nong dd glucose lic ban dau gitra cac chudt;

e v cho chiing ta biét d6 dao dong vé tc d6 giam glucose gitta cdc chudt; va

e; 1a d§ dao dong & moi chuot.

M5 hinh sinh hoc nao ciing ¢6 gia dinh. Trong mé hinh [4] trén, chiing ta gia dinh rang:



® y tuan theo luat phan phél chuan (normal distribution) voi 5O trung binh bang
0 va phuong sai u®. Viét theo ki hiéu thdng ké hoc 1: u ~ N(O, u 2.

e v tuan theo ludt phan phdi chuan (normal distribution) véi sb trung binh bang
0 va phuong sai Vv, hay v ~ N(O, V).

e ¢; cling theo luat phan phdi tuong tu: e; ~ N(O, %)
Tai sao 0? Tai vi chiing ta gia dinh rang tinh trung binh, cdc d6 nhiéu bang 0 dé gid tri
trung binh (expected value hay gia tri ki vong) ciia m6 hinh [4] 1a (ki hi¢u E c6 nghia 1a
expected, hay n6i ndm na la “tinh trung binh”):

E(y)=A+BT)+ (0 +0T+0)

E()=A + BT

M6 hinh anh hwéng cia diéu tri
Ching ta dé y thiy trong mo hinh [4] khong c6 bién sb nao lién quan dén diéu tri!
D6 1a vi mo hinh can ban. Bay gio ching ta thir xem qua Ii gidi trong phuong trinh [2] va
[31:
=A+u

bi=B+V

Chiing ta mudn c6 khéc biét ding ké vé ndng do glucose lic ban dau (a;) giira hai nhém
chuot, do d6 phuong trinh [2] tré thanh:

a;=Ap + A; xtreatment + u
Ngoai ra, ¢6 thé c6 su khdc biét vé téc do giam glucose giita hai nhém (b;), va ching ta
can tim hleu mirc do khdc biét hay anh hudng nay. Mot cich dé biét anh hudng cua diéu
tri la viét lai phuong trinh [3] thanh:
b, = By + B; xtreatment + v
Do d6, mo6 hinh [1] trd thanh:
y,=a +bT +e, [1]
vi= (Ao + A; xtreatment + u) + (By + B x treatment + v)T + e;

vi = (Ao + Areatment + BoT + BixtreatmentxT) + (u + vI + ¢;) [5]



Pay 12 md hinh chinh cta nghién ctru. Trong md hinh trén, ngoai cdc thong sé khic da
giai thich, chung ta thay c6 hai thong s6 moi va y nghia cua 2 thong s6 nay nhu sau:

® A; xtreatment phan anh sy khac biét néng do glucose ldc ban dau gitta
hai nhém chudt;

e B x treatment x T phan anh mic d6 khdc biét vé téc d6 giam glucose
giita hai nhém chudt; do d6, chinh 1a kiém dinh thong ké cho gia thuyét
cua nghién curu.

Wéc tinh théng sé6 mé hinh anh hwéng hén hop

Nhu vay, trong mé hinh trén chiing ta ¢6 cdc thong sd A, B, u?, V2, va et Chung ta
can mdy tinh va chu:ong trmh nlme trong R dé udc tinh cic thong 5O tren Nhung trude
hét, ching ta cn sip xép s6 lidu trong Bang 1 sao cho c6 3 yéu td (hay 3 cot): cot
treatment dé chi chudc thudc nhém nao, cot T dé chi gid tri glucose do vao thoi diém
nao, va cot id dé nhan dang chuot. S6 liéu @6 nhu sau:

Biang 2. Két qua thi nghiém dwoc siap xép theo dong

treatment id T Y

Test 1 0 3.9
Test 1 2 4.7
Test 1 3 3.7
Test 1 4 4.6
Test 2 0 5.3
Test 2 2 4.7
Test 2 3 3.5
Test 2 4 3.2
van van ...

Control 10 0 6.2
Control 10 2 5.3
Control 10 3 4.9
Control 10 4 4.5
Control 19 0 7.7
Control 19 2 5.0
Control 19 3 6.3
Control 19 4 6.2



N6i céch khéc, ching ta sap xép lai mdi chudt c6 4 dong, nhung mdi dong phai
duoc nhén dang rd rang thugc nhém nao va thoi diém nao. Ching ta cé 19 x 4 =76 dong
nhu trén.

Toi s€ sir dung phﬁn mém Stata dé udc tinh céc thong $6 trong mo hinh [4] va [5]
vura trinh bay trén. Trudc hét, toi cho s6 li¢u vao Stata nhu sau:

id treatment time glucose
1 1 0 S
1 1 2 3.9
1 1 3 3.9
1 1 4 3.6
2 1 0 5.3
2 1 2 4.7
2 1 3 3.5
2 1 4 3.2
19 2 0 7.7
19 2 2 5.0
19 2 3 6.3
19 2 4 6.2

Dbi voi mé hinh [4], cdc ma Stata sau ddy c6 thé stir dung dé phan tich:
xtmixed glucose time || id: time, wvariance cov(un)
Déi chiéu véi md hinh [4]:

Vi=(@A + BT) +(u + vl + ¢))

Chi ¥ ring mi glucose time c6 nghia la udc tinh théng sb BT, tirc thong sé phan anh
anh hudng cd dinh (fixed effects) trong moO hinh trén. Céic ma phia sau || (tc id:
time) c6 myc dich phan anh sy anh hudng ngéu nhién vT (random effects). Két qua cua
md hinh nay nhu sau:

Mixed-effects REML regression Number of obs = 76
Group variable: id Number of groups = 19
Wald chi2 (1) = 150.71

Log restricted-likelihood = -82.425783 Prob > chi2 = 0.0000
glucose | Coef. Std. Err. Z P>|z| [95% Conf. Intervall]
,,,,,,,,,,,,, o
time | -.4849624 .0395033 -12.28 0.000 -.5623874 -.4075374

cons | 6.050376 .2183835 27.71 0.000 5.622352 6.4784




Udc s6 time = -0.485 chinh 1a B trong phan BT ciia md hinh trén. Ngoai ra, _cons =
6.05 (_cons viét tat tir chir constant) chinh 1a udc s6 cua A trong mo hinh trén. No6i cidch
khéc, mo hinh [4] bay gio la:

=6.05-0.485T

Mo hinh nay cho biét ndng do glucose trung binh ctia quan thé 12 6.05 mmol/L va
toc do giam 0.485 mmol/L sau moi gio theo ddi. Tuy nhién, d6 chi la phan udc tinh anh
huong co dinh; ching ta con mot phan uwdc tinh ngau nhién, va Stata cung cap cac két qua
sau day:

Random-effects Parameters | Estimate Std. Err. [95% Conf. Intervall]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
id: Unstructured |

var (time) | .0007889 .0023444 2.33e-06 .267106

var (_cons) | .6968951 .2975647 .3017977 1.609233

cov (time,_cons) | .0234463 .0329776 —-.0411887 .0880813
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
var (Residual) | 2525322 047723 .1743646 3657422

LR test vs. linear regression: chi2 (3) = 57.41 Prob > chi2 = 0.0000

Cic két qua trén day c6 thé dién giai nhu sau (theo md hinh [4]):

* Phuong sai u* = 0.00078 (tlc var (time) = 0. 0079) phan anh d¢ dao dong
vé toc do giam glucose gitra cac chudt. Nhu c6 thé thay qua wdc sé nay, do
dao dong vé téc o khong khac nhau ddng ké gitta chudt;

¢ Phuong sai v =0.697 (thc var (_cons) = 0.697) phan anh d dao dong vé
ndng do glucose lic ban dau (trudc khi can thiép) giita cdc chudt. Nhu ching
ta c6 thé dodn duoc, c6 sy khdc biét gitra cac chudt vé néng do glucose, nén
ching ta khong ngac nhién khi thiy khoang tin cdy 95% c6 ¥ nghia thong ké;

® Dong var (Residual) = 0. 253 (chinh 1a uwdc s6 clia * = 0.253), phan anh do
dao dong nong dg glucose ¢ moi chudt.

Mo hinh trén mang tinh md ta. Chdng ta can biét ti 1¢ giam glucose c¢6 khdc nhau giita
hai nhém hay khong. DE tra 161 cau hdi nay, ching ta can dén mdé hinh 5. Cac ma Stata

sau ddy s& gidp ching ta udc tinh thong s6 cia mo hinh dé:

gen treat_time = treatment*time
xtmixed glucose time treatment treat_time || id: time, wvariance cov(un)

Két qua cua ma trén la nhu sau:

Log restricted-likelihood = -81.103522 Prob > chi?2 = 0.0000

glucose | Coef. Std. Err. Z P>|z| [95% Conf. Intervall]
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_____________ --——— -
time | -.7403175 .1217784 -6.08 0.000 -.9789987 -.5016363
treatment | .1530158 .4527252 0.34 0.735 -.7343092 1.040341
treat_time | .1673016 .0758314 2021 0.027 .0186749 .3159283
_cons | 5.816825 . 7270359 8.00 0.000 4.391861 7.24179

Doi chi€u vai mo hinh [5], cac thong so trén nhu sau:

vi = (Ao + Areatment + BoT + Bixtreatmentx]) + (u + vT + e;)

Théng s6 Y nghia Udc so
Ay Nong d¢ trung binh glucose liic ban dau cuia toan quan thé 5.82
A Khic biét vé nong d6 glucose ltic ban dau giira hai nhém 0.15
By Anh huéng ciia thoi gian (time) dén sy giam glucose -0.74
B, Khac biét vé toc do giam glucose giita hai nhém 0.17

Do d6, mo6 hinh [5] trd thanh:
=5.82 + 0.15 x treatment — 0.74 x time + 0.17 x treatment x time
Nén nhd rang chiing ta goi treatment = 1 chi thudc va treatment = 2 chi nhém
chiing, va time c6 4 gia tri‘: 0, 2, ‘3, va 4 Cho nén, md hinh mo ta sy dao dong cua
glucose trong nhém duogc di€u tri bang thudc la:
=5.82+0.15x1-0.74xtime + 0.17 x 1 x time
=5.97 - 0.57 x time
va cho nhém chiing la:
=5.82+0.15x2—-0.74 x time + 0.17 x 2 x time
=6.12 - 0.40 x time
Nhur vay, hai nhém c6 nong d¢ glucose khoi diu gidng nhau (5.97 va 6.12 vap =
0.74), nhung toc d§ giam glucose cua nhém thude l1a 0.57 mmol/L/gid, cao hon nhém
ching 0.40 mmol/L/gio, va sy khdc biét nay c6 y nghia thdng ké (p = 0.027). Do d6, qua
két qua nay, ching ta c6 thé két luan rang thudc c6 hiéu qua giam glucose cao hon nhém

khong dugc diéu tri.

Thong sb By (ttc toc d6 trung binh giam glucose ciia quan thé) khong c6 ¥ nghia
O day, boi vi c6 su tuong tic gitra hai nhém va thoi gian.

Bay gio chiing ta thir xét qua phan anh huéng ngau nhién, va phan 2 cua Stata
cung cap cho ching ta két qua sau day:

11




Estimate Std. Err. [95% Conf. Intervall]

|
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, U
id: Unstructured |
var (time) | 5.80e-06 .0001984 4.45e-35 7.57e+23
var (_cons) | .7734249 .3290391 .3359622 1.780516
cov(time,_cons) | .0021156 .0359408 -.0683272 .0725583
_____________________________ o
var (Residual) | 238288 0454387 163979 346271

Chung ta c6 thé so sanh cac thong s6 trong mé hinh nay véi mé hinh trudc nhu sau:

Phwong sai (variance) Mo hinh [4]: Mo hinh [5]:
u*: d6 dao dong vé toc do 0.00078 0.0000058
giam glucose gitra cac chuot

v*: 9 dao dong vé nong do 0.697 0.773
glucose lic ban dau

e”: 46 dao dong nong do 0.253 0.238

glucose o moi chudt

Chung ta chu y trong so sdnh trén, mo hinh [4] c6 2 thong $6 ¢ dinh, nhung mo hinh [5]
¢6 4 thong sb ¢ dinh. Do d6, ching ta khong ngac nhién khi md hinh [5] t6t hon md
hinh [4]. Su “tdt hon” d6 c6 thé thiy qua €%, giam tir 0.253 xubng 0.238 hay giam 6%.
Mot sy giam thiéu khiém ton nhung van c6 y nghia.

Tém lai

Cdc phan tich trén day cho thay thudc c6 hiéu qua giam néng do glucose trong
mdu. Muc d6 giam glucose tang theo thoi gian va c6 y nghia thong ké, dit mirc do anh
hudng c6 phan khiém tdn.

Trong qué khir, nguoi thuong st dung phuong phéap “repeated ANOVA” dé phan
tich céc s6 liéu dugc do nhiéu 1an & mot dbi twong nghién ctru. Nhung phuong phap d6
c6 mot s6 vin dé vé ki thuat tinh todn va gia dinh, cho nén khong con dugc xem la
phuong phép chuan nita.

Ngay nay, v6i stc manh clia mdy tinh va phét trién nhanh chéng céc hé thong
phan mém phan tich théng k&, mé hinh anh hudng hon hop duoc xem 12 mot trong nhirng
md hinh phd bién nhét va thich hop nhét cho phan tich cdc thi nghiém nhu vira mo ta.
Nhu trinh bay & phﬁn trén van dé chu yéu trong viéc phan tich sb liéu khong phai 1a tinh
todn (vi di c6 phan mém mdy tinh), nhung 1a nhimg suy nghi va mo6 hinh cho dir liéu.
Nhirng suy nghi nay phai xuat phat tir tinh hinh thuc t& va quan trong hon hét 1 kién thirc
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sinh hoc. Ngoai ra, cling can phai xem xét cdc ‘thong s6 can than dé tham dinh tinh phi
hop ctia cdc thong s cho timg trudng hop cu thé.

C6 18 mot sd ban cam thy nao ning trudc nhimg 1i' giai va cong thirc trong mo6
hinh phan tich trén, nhung qua that mé6 hinh rat don gian. Chiing ta mudn c6 céu tra 10
cho cau hdi: sy giam nong do glucose c6 khac bi¢t gitta hai nhém chudt hay khong? Tur
ciu hoi d6, ching ta dit ra mot sé mo hinh dé mo ta dir liéu. M6 hinh ma khong c6 ¥
nghia sinh hoc chi 12 nhitng mé hinh todn hoc, va theo t6i, nhitng mo hinh nhu thé ching
c6 lot ich gi cho khoa hoc hay y hoc 1am sang.

Khoa hoc 1a hinh trinh di tim ciu hdi va cau tra 16i. Céc phan tich trén day that ra
con kha don gian. Con mat s6 cau hoi khéc cling can duoc dit ra. Chrfmg han nhu ¢6 nén
hodn chuyén s6 liéu sang log dé phan tich hay phén tich theo s6 lidu gbc (mmol/L)? Néu
c6 thong tin khdc vé dic diém sinh hoc cua timg chudt, céc dic diém nay c6 anh hudng gi
dén anh huong ciia thuéc? Tuy nhién, hién nay véi mot thi nghiém don gian nhu thé toi
nghi ring md hinh trén ciing thich hop va diy du. Hi vong lan sau ching ta s& quay lai
v6i mot md hinh anh huong hon hop khic.
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Chu thich:

Ma Stata sir dung trong phan tich

Trude hét, ching ta can sip xép s6 lidu tir cot sang dong qua 1énh sau ddy. So lidu trong
Stata c6 hinh thure nhu sau:

treatment
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(o}

glucose0 | glucose?2 | glucose3

glucose4
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Su dung 1énh:

reshape long glucose, 1i(id) j(time)

s€ chuyén s06 liéu sang dang:

|treatment | id | time | glucose
| Test | 1 | 0 | 3.9
| Test | 1 | 2 | 4.7
| Test | 1 | 3 | 3.7
| Test | 1 | 4 | 4.6
| Test | 2 | 0 | 5.3

Chuwong trinh huén luyén y khoa - YKHOA.NET Training — Nguyén Vin Tuén
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Test 2 2 4.7
Test 2 3 3.5
Test 2 4

Lénh dé v& bicu dd 1:

graph twoway (lowess glucose time) (scatter glucose time) by (id)
va biéu d6 2:

graph twoway (scatter glucose time, msym(i) connect (L))

Phan tich bang 3 md hinh chinh:

e M5 hinh co ban: khong c¢6 anh hudng cua bit ctr yéu tb nao:
xtmixed glucose time || id: time, variance cov(un)
Phuong sai e* = 1.3874

e MO hinh 4: anh huong cua time nhung khong c6 treatment:

vi=(A + BT) +(u + vT + ¢))
xtmixed glucose time || id: time, wvariance cov(un)
Phuong sai e = 0.252
e MO hinh 5: &nh huong cua time va treatment:

vi = (Ao + Asreatment + BoT + Bixtreatmentx]) + (u + vT + e;)
gen treat_time = treatment*time
xtmixed glucose time treatment treat_time || id: time,

variance cov(un)

Phuong sai ¢* = 0.238

Cac phan tich trén ciing c6 the thye hién qua ngon ngir R:
library (Design)
library(lattice)

library(nlme)

# nhap sb liéu glucose va goi tén bién cua 13 y:
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# 3 1lénh sau day thuc hién 3 viéc:

# tao bién sb id

# tao bién sb time c6 gid tri 0,2,3,4 1ldp lai 19 1lén
# tao bién sb treatment

id = rep(1:19, each=4)

T = rep(c(0,2,3,4), 19)

treatment = rep(l:2, c(9%4, 10%*4))
glucose = data.frame (id,treatment,T,vy)

# vé bieu do 1
xyplot(y ~ T | 1id, as.table=T, xlab="Time", ylab="Glucose")
# vé biéu do 2

fit <- by(glucose, id,

function (data) fitted.values(lm(y ~ T, data=data)))
fit <— unlist(fit)
names (fit) <- NULL

interaction.plot (T, id, fit, xlab="Time", ylab="Glucose")

xyplot(y ~ T| id, glucose,
panel = function(x, y){
panel.xyplot(x, vy)
panel.lmline(x, V)
}, ylim=c(0, 8), as.table=T)

# Phadn tich md hinh [4]
fitl = Ime(y ~ T, data=glucose, random=~1+T | id,

control=1lmeControl (opt="optim"))
summary (£itl)
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data glucose;

input id treatment T vy;

logy

log(y);

cards;

105.9
12 3.9
13 3.9

1

14 3.6
1 05.3
12 4.7
13 3.5
14 3.2
10 4.6
12 3.7
13 3.3
14 3.2
106.2
12 4.6
13 4.3
14 3.9
1 0¢6.0
12 5.4
13 5.2
14 4.8
10 6.4
12 4.7

13 4.8

14 4.3
10 7.6
12 4.1
13 3.8

14 4.1
1 05.9
12 3.1
13 3.6
14 3.3
10 7.5
1 26.1
13 5.4
1 4 4.6
20 6.2
2 2 5.3

2 3 4.9

10
10

10
10
11
11
11
11
12
12
12
12
13
13

2 4 4.5
20 6.9
2 2 5.6

2 3 5.9

2 4 5.9
2 0 5.6

2 2 4.7

2 3 4.6

2 4 4.0

2 05.1

22 3.9
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13 2 3 2.9
13 2 4 2.9
14 2 0 5.7
14 2 2 4.7
14 2 3 4.3
14 2 4 4.6
15 2 0 5.0
15 2 2 4.0
15 2 3 3.5
15 2 4 3.3
16 2 0 5.2
16 2 2 4.2
16 2 3 4.0
16 2 4 3.8
17 2 0 7.7
17 2 2 6.2
17 2 3 6.1
17 2 4 5.7
18 2 0 8.0
18 2 2 5.8
18 2 3 6.5
18 2 4 6.0
19 2 0 7.7
19 2 2 5.0
19 2 3 6.3
19 2 4 6.2
run;

proc mixed noclprint covtest;

class id;

model y = T / solution ddfm=bw notest;
random intercept T / subject=id type=un;
title "Model 4";

run;

proc mixed noclprint covtest;
class id treatment;
model y = T treatment T*treatment / solution ddfm=bw notest;
random intercept T / subject=id type=un;
title "Model 5";
run;
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