[BARBET EZHEI RO L]
ICH-E9(R1) DIBARIZ/IIDIE

RifEm RO L

3> 2 E R KR
IPW/Standardization
20214E3H19H
EEMFEEZEE S T—FHAMIVRAEE KT
ER#E/YITF—L
OF7RATISREUEH/|A S FH B
INNIVTAR 77— EH FB 3E

O 8z



I AKtyiarIZoT
O mzp
> KEBIILTZSEITERLTULVET,

B Hernan MA, Robins JM (2020). Causal Inference: What If. Boca Raton:
Chapman & Hall/CRC. Chapter 2, 12, 13.

Ohttps://www.hsph.harvard.edu/miguel—hernan/causal—inference—book/
(last access date 23-MAR-2021)




| IPW/S—F
O nzip

> BRI TRESN R (average causal effect) 3K 7=
BN EFEETHIERIE XBEABLTREDREEETHINEHS
B CCCIXIPWEREA

> FT X TIVEIRRTERBA (J2/83)
BRI T B AEELTCERUEREER

> ETILADHETER (ETI)L)
B Marginal structural modelZ#84t

> SASZE R U= EH DL

2-3 IPW/Standardization 3




O nzip

IPW

I IND AR DIPW



| s

> EERY

R TIX A

Lo TS EZZADDNEY

EES

BEDFEFHETHENATREECHTEE. Mo DAETHRELEL.
CCTI2DDFHIETTEZFHEI
Olnverse Probability Weighting IPW) = 3 [XZ-56
O Standardization

2-3 IPW/Standardization



| purncze

A BEAE (18K 08K EL)

L ZHEF (1:EF, 0:IEERF)
Y 4% (1:3EC, 0: £7F)

DAG
g Original &£ SFLLER A
e e
L—A—Y = L A—Y
[Hernan & Robins (2020).
KChapter 6, Figure 6.1] )

> THREFLEABEADB OB E
NEREHTET S

EMNIENEDEERLLRE

2-3 IPW/Standardization

O nEip

Z{ERkL, B!



I Original£E[E

—
[_ QR ;
0 ) SN
L& llg ,
®rc |- [lRee® 12
Q % 800

- -

5 (KL% =1EL7‘—1=¢-A
BAEM ETHER 7/13
mIEAEEE BT RESR 3/7

2-3 IPW/Standardization

13 K20

>

O mzp



| st smaaen
—_—m——— O =R

>L=IDEFICHEWNT, BAEA=1) ODEBFORTERL, RIZES:
(A=0) DEENEBE (A =1) &G I-BEDRTELFL

Prl[yé=1|L=1LA=1]=Pr[Y*=1|L =, A = 0]

| GHEEZTRATREN: Y2IJAIL foralla |

2-3 IPW/Standardization 8



I Original £ M o £ LIS

O m
Original £ ‘7 SRLLER
A /’\
L ~ A Y L A—Y
4 A _ O )

[ ) SN
L=0
|20
L=1

tandardization



Vot

ERAL R egadl ] s
I— ;/g o0l P mEi
| ) $ 4% ) +

12

J

16 7

o,

) SN ¢
(XX
L:E{k 209 (@
) &A= 299 2 24
R KRN (RRRK
14 26  £{k:40A

> Original £ [M K {FE 3R A RETE D AL ZF R TE
B ERLAARAICEER S Z 7L
2-3 IPW/Standardization 10

|




I OriginalSEE [ Z Tree TR

O mzip
3
1
5)
29 > 3
C 4 N = g\ (0.5)
an. 4 |
20 % A=0(025) 1
12 3
[Hernan & Robins (2020). 4 < 2
Chapter 2, Figure 2.1% 2 #F] { D, 75
y 3
EARTIEWESE (L=0) BADSH 6

ANDEERE (A=0) T1ADIET (Y=1)
2-3 IPW/Standardization 11



| sbgmsTecTRR
O mz
> LCEHMAHITT-AEEREDSHZREITS W4 = 1/f(AlL)
6 [ 1/.5 =2 ]
2 1/5=2
1/Pr[A = 0|L = 0]

@‘ 6 1/5=2

2 1/.5 =2
1/Pr[A = 1|L = 0]

.@9‘ 4 1/.25 = 4

Y=1@2/378 1/.25 =4
1/Pr[A = 0|L = 1]

[Hernan & Robins (2020).
Chapter 2, Figure 2.2]

4 1/.75 = 1.33
8 1/.75 = 1.33

1/Pr[A = 1|L = 1]
20 A2 BATERSY ITARELITAIcEE  EH40A
LIZknd, ElfTHEREN—TE 2-3 IPW/Standardization 12




TS

DIERL A IE:

B AWAZENTS

>EH: WA=1/f(A|L) ZH#+5

B XBEFNESEZONT-TTO, BHEINT-ABEESER

mARA = a DFHE|
B R EATREAYDS (FAILDISNES, BAHKENS)

I(A=a)Y]
f(A|L)

2-3 IPW/Standardization

O nEip

13



I HEARL 1= & : Stabilized weight
@O nER

> SWA = f(A)/f(AIL)
B EHFWASRLEL (RIUME, ZRERBLI-RLEREERT L)

B SFICFRIDDEAHZRTSD (LIZEKSENA DRERD. HIZIE, FEDERER
B EADEAEFEY, HEMBERWAKYRE

= D L5 EH%Stabilized weight &R 5

2-3 IPW/Standardization 14



IPW

ETILAYLGE

O sz

15



| =71~k

> SETORE
BB VT IVIEKIRERTE
O 2%
OXMRER:1DT2KE
B/ INSAN) YY) THIG AT RE
> WRICZIFESDLERTIRIEHNZ LY
WAERE . ZH, ERfE
B RBER B EREOER, KEERAGE
B/ IRNGAN) YO ZENERL, ETIILTH G
COMarginal structural model (MSM) ZFAAUL\4 GEfIE R R—I LIFE)

2-3 IPW/Standardization

O nEip

16



I Marginal structural model

>>355$)bﬁlfrya]:=:ﬁb-+,81a%Ei%5i%5

mE
mE
mE

'Ya=0
ya=1
Ya=1'

:=,30

= Po + b1

— E[Y%=°] = B, : average causal effect

> Marginal structural model (MSM) &FE 5SS

B “Marginal”: GBEEZ O MHL D) BB AFIZHTHETIL
B “Structural”: BETZIFILIZIHTHETIL

2-3 IPW/Standardization

O nEip

17



I MSM®D #E € A ik
O nzi

> IPWICKSEATER/IN_EEZEZANTHE
B IPWZE AW TRUERAZT/ER
R UERIZHLUTE[Y|A] = 6, + 6,4 EETILESL

= 0, B KVO, I, W, [V; — (6, + 0,4)*FF/IM=FB6,, 6, TH5B

> BEAMER/IN_FHETEEL, (ZKY, MSMD/INTA—EB, T FIZ
HETES

2-3 IPW/Standardization 18



IPW

SAS%,

| LN AR AT 25 D R AT

O mzp

19



I MSM (B & :SWA = f(A)/f(A|L)) DHEE

O nEip

> EHDEEE (BF) - ODAT1v7EIIEKY

proc logistic data=7—%+tv+4 descending;
ods exclude ClasslLevellnfo ModelAnova Association FitStatistics GlobalTests;
class exercise active education;
model gsmk = sex race age age*age education smokeintensity
smokeintensity*smokeintensity smokeyrs smokeyrs*smokeyrs
exercise active wt71 wt71*wt71;
output out=T—RtYb% p=EH L (EEEEDHEE);

run;

> BADHETE (HF) O ATy oEIIEELY
proc logistic data=7—#%tv4 descending;
ods exclude ClassLevellnfo ModelAnova Association FitStatistics GlobalTests;
class exercise active education;
model gsmk = ;
output out=T—3t vt p=Z 4 (ZEFEEEDHTE);

run,;
’ 2.3 |P\W/Standardization 20




I MSM (EH:SWA = f(A)/f(A|L)) DHEE

) 1) az
O 8%
> EH: SWA=0F/DEBZEEH
data T—2tvh4;
merge T—R Vb & (EH:08) T—3EVhA (BEH 75F);
by seqgn;
if gsmk=1then E#= (EH: 2F) / (BEH: 7 H);
else if gsmk=0 then EH= (1-EH: 7F)/ (1-EH: 7 8);
run;
> EANETHR/IN_FETIHE
proc genmod data= T—%t Yk 4;
Class Seqn, HKFA—R RN RESRE obk SRR

run;

weight E}}, Intercept 1.7300

02247 13395 22204

model wt82_71= gsmk;

qgamk 34405

Q5255 24106 44705

repeated subject=seqn / type=ind;

2-3 IPW/Standardization

21



I CAUSALTRTZ AL OxZHULV-H#TE

proc causaltrt data=7—%tvr4;
class exercise active education gsmk/desc;
psmodel gsmk= sex race age age*age education smokeintensity
smokeintensity*smokeintensity smokeyrs smokeyrs*smokeyrs
exercise active wt71 wt71*wt71 ;
model wi82_71;
bootstrap seed=1776;

run;
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Parameter Level Estimate Std Err Std Err  Confidence Limits | 95% Confidence Limits
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quit;

HoA—43

Intercept

qzmk

FEX

race

Aze

agebaze

educat ion
educat ion
educat ion
educat ion
educat ion
zmokeintenzity
smoke intetsmokeinten

O e D00 [0 —

8HEE

i

— e D

L V/= Standardization Q&R

RAAE) 13— AEEO

X H A E—5B

] D e Wald 958 {SHEFESR
-1.6306 4.3594 -10.2344 G.8036
2. 003k 0.8037 0.95844 41348
-1.4303 0.465% -2.3432 -0.5173
0.5601 0.6780 -0.5727 1.6929
[1.35498 0.1622 0.0417 0.6776
-0.0061 n.oo17 -0.009% -0.0027
1.1350 0.7364 -1.2483 1.6383
[.9354 0.6365 -0.3737 2.3505
n.7513 0.6237 -0.4528 1.9854
1.B8ER 0.865% -0.0104 3.38385
n.o000 0.oo0on 0.a00a f.000o
T C L N
&-3 IPW/gtandardlzatlon

Wald
N4t &

1.

OO e S D e SO
= = =2 o2 oE® o o®om

1]

—_
.

Fr » Chisq

o e s e e e e e s e

=

63482
L0014
L0021
L3325
0268
L0004
La12
L1501
L2328
L0614

.3389
.2877

O nEip

38



I SASZ HL /- Standardization D f&E#T

O =i
k&Y,
StandardizationZ LN -8B BE D EIEIX
E[Y*1]-E[Y*?] =5.18 - 1.66 = 3.5
SUEHERXEET — RV TEERAWTERHLEER,
A WE(Z kU 3.5ke (95%CIL: 2.6 ~4.5kg) DIAEEINEHESNT-.
39

2-3 IPW/Standardization



IPW/Standardization

IPW&Standardization® b B

ok

O nzip

40



I IPW / Standardization Eb#3

O nEip

BENBRDOHTEFETHAIPWEStandardization|ZDULNTHEEI L, ZE(E

DBITIEEFEELEEENFEAERCIEZRLT-.

ERR, EHFERmAIEEtE Epositivity SEIZL, M ORELI=ETILA

ELWWEICHFEIRFTHS.

(5ER) TIX, ‘BB REHELIZWLESICRELLZEE,

2-3 IPW/Standardization

T hiXLLr?

41



I IPW / Standardization b8
O nzip
G, ECICTETILERELTWNSOMNEE T 5L, BLELSERICETIL
DIREZLTWSET I S.

> IPW: Pr[A = a|L]
=SHBBETTIL

» Standardization: Pr|Y|A = a,L =[]
ST INALETIL

2-3 IPW/Standardization 42



I IPW / Standardization EL#S
O nzp
HOREEDNDETILORBFEFRENIZEITONGLREIETHS.
S>ETILDERBFEIX/NATREELS

LHOL, BEETILDEBEETOMLETILORBEEIIHRDOHTE
[2BEWNT, —fRICERICLKESE, ARID/NA T XIZIXEBHELN.
=IPW&StandardizationDET LD BB EICEAERHTEEAD

S EB(I—MRIZELS.

2-3 IPW/Standardization 43



I IPW / Standardization b8
O nzip
ZD1=®, IPWEStandardizationDHEFEN RKELRLGDHIHE, DL
HLWVITNODRINEETILDRBEEZL TS EEZI NS

L:u:wﬁﬁ-ﬁh\%
FRAEETHNIETETTILOZUEDOERD=OICHFEELHTEIZHE

L‘%@?ﬁ‘d‘:( MDOHETEF;EEL TDoubly Robustif EEZZE A HC LD
TE5.

2-3 IPW/Standardization 44



BACK UP

> HEEELT=EFE & : Stabilized weight® 451
NEBEMEFEZEELTI-MSM
IPW & Standardization @) [81 5 14 D S BA
Standardization A/ FDFEXHEE

EES

45



I L5k LT-EFE 7 : Stabilized weight D 45

> SW4=f(A)/f(AIL)
B EAOHASMEIT BRLLEREX20A)

B EHDENAEFY, FEEERF>WALYRE

B Stabilized weight
OWA = 1/f(A|L) (non—stabilized weightDILFE: D FE1ELIZIEFE)
OS#EEME: WAESWADWT hEFIELTERL
095%Cl: BB FBURFIE R EHRE D IH S [Istabilized weightD A D ELLES

2-3 IPW/Standardization

O mzp

46



| SR EETEEELIMSM
S \Q’ Ry
> BEERNKECI>TELGLIENTEDN, & IKEE (R TD
NEIZERAHBIGE
B EREMHEF VEEERRE
BE[YV] =By + pra+ BVa+ 3V
OfER: B, # 0 — HRIIZKANEREME FHY

2-3 IPW/Standardization a7



| SR EETEEELIMSM
O nER
> WEAE
BEH: SWAW) = FA|V)/fAILZERWTERLERZEER
BEAEEE . NREF LICHEEBHEFVERHD
OXYRELI-HTEEELSD (95%CINIERLED)
VBRGS0 - S FRICHEEBEHEF V AAOTLSOH
B hEREMEF VOKEFIZBATEEENE-NIDESHY

2-3 IPW/Standardization 48



I IPW & Standardization® [ 25 14 @) &iE BH

+ MFEOERRLYLTARYID.

I(A=a)Y B L —al = . L=
E[ f[A|L] ] _Zt f[all]{E[YIA_ L l]f[ Il]P [L l]}

=S {E[Y|A=a,L=1Pr[L=1]}

o FHFEFZBATREME (YO JA|IL) ZREL, 20D RGLHEAZELT, FHARUCIEEFIAT
HEMBOEBES, MEMITBEETHRZD) .

» Standardized meanhicounterfactual mean& Gl{E TéH A= &DEEBA

E[Ye] =3, E[Y*|L=1]Pr[L=1] (E[Y*] = E[E[Y*|L]])

=Y ,E[Y*|A=a,L=1|Pr[L=1] (Exchangeability)

=> E[Y|[A=a,L=1|Pr[L =1] (Consistency)
Standardized mean

Counterfactual mean

2-3 IPW/Standardization

O nzip

49



I IPW & Standardization® [ 25 14 @) &iE BH

(IPWé&Standardization ) B ZE T D EER)

O nzip

+ |IP weighting meanAfcounterfactual mean&Fl{E TS & DEEEA

E[I(A=a)y] _E I(A=a)Ya

flA|L] 1 ,AII(I;]l
IP weighting = ElE =2
mean L I(fAAIL] \
—E{E .
| fIAIL]
= E{E[Y“*|L]}

Ya

L

)

E[Y“lL]}

— a
= E[Y"] Counterfactual mean

2-3 IPW/Standardization

(Consistency)

(E[Y] = E[E[Y|L]])

(Conditional exchageability)
I(A =a) ] )
E Ll =1
("

(E[E[Y|L]] = E[Y])

50



I Standardization A 5/ KD HER EE
O nzip

SIE[Y|A=a,L=1xPL=1]=-%%, E[Y|A = a,L]

RS D

CHZTE
<[ Aj&%nktb LIZKH73)—7TL .. 1y T 5.
La)%;h-'%;hfo)4% ‘j:nl e Ny A (n1 i N = n)lz\étj—é

\Im» Dl

2-3 IPW/Standardization 1



I Standardization A 5/ KD FERFEEE
O nzip

Y, E[Y|A=alL =1]XPt[L =]

=E[Y|A=a L=1L]Pr[L=1]++E[Y|A=aL =L]Pr[L = lx]

S|H

%yﬁwm=aJ=hﬂ%~+W~ﬂﬂA=mL=QH
L=1,DRAIZLSAn, AOERIFRDELEHE

n

1
=—Z [Y|A =a,lL]
n

=1

2-3 IPW/Standardization 52



