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FEMARB S BE B AL A M EEXT B AUHEAR . LAPS Ry
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TERFEARRITEOL T, R 2828t AE AN [) b BRZH 2 8] ) 73
AT LT ARTR], EAG TR A 2R AR X5 25 Jay 1 PR SR80 AN
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S ELA I S B R LU 259 (FRTFR LA 9 5 F LA
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(2) 7EJTA P S LA 51 5 R LR 2549 (17
PP EFFSFLL L) B E il sk 251 1
ALTHARARAE B o BoATT e AL S & Ry “ PR 591 5
Fp7 PR A IE S LA EEUA 1, P A1 SR LT BUE
0; 2445 5 25T IS ALT (& 54 S A fh, S
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AR SCAE M PE 5T SR REAL AL I h, E LT
— T2 A PR 452 32 b 35 (RIS B 22 Jia] ) PR
RN, B FEE A T HE L 5 (counterfactuals ) Y A
AU B BT A A AR A TS AT BRI 2
JRfH sy, S AR IO B4 52 A0 BRI 1 25 R 1
yo SR BC B2 32 X BESR A I (R 25 Jey {3 T
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N z=0 , NI MBI 25 SR y =2y, +(1 —2)y, o AMAE
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P AL BAIRT TR G I FHH B 259 00T BT 45 Jm 728
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ALTHEbR 5 W AR 22 5%

SR 308 FATT XX QA% 2 A AL S 52 5
AT A 2 52 1M A 3 ) i AULHE A T L 1 T 2R A% e %
el , B[ A B 2H - 34 PR SR RN (Average Treatment effect
among the Treated, ATT) , 10k ATT ™, B XL E(ylz=1)
R ORI R Y N B I S U SR R S E D SR (-
E(ylz=1) A A BZH A 442 32 0 BRZE A I 0 ~F- 3 45 )
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XA SZ AR L E(y,lz=1) H 25 R

{H v, S2TCE LI 2 i, w] ) HT0S B8 2 R A Al T
SR, 4 AR 274 tet e A PR RO IR A 2 [B) 7 22
Sy, A THERAT D 9, AT ATT B9 Al e 2 i o
A PSSP 2H ) 22 5 V819 A O ey J3 Ay o 219 0 B
FB", TESE —HE B BRI AL 5 55T, PS /2
VA T A A Z A BN ST BRAR IO 10
e(X)=P(z=11X) o fBE X s —2H ]I 31 Y FL LR TR 2%
7S I [ o, DU ) DT 53 e(X) S OC T Il 4 XY pRAR .
ZRTE e(X) BYZEAT T A WA 2 AOTR 278 o3 A 7E AL 2]
2 55X BRZH 22 1) JL~F- DG JSC s AR [ B Ak BB A 422
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HAJIEUL, 45 5E e(X) BYZRPET X BRZH rhn UL ) 64 yo
O3 AR ST AL FREH p e W BN Yy, s34, AT, T LA
FIFHAT HRA IR )y, ABEERAGTT E(y 2= 1e() ,
HAGTHS 20 ATT Sy Ab BRZH Y- 35 D3 SR80 1) JC s A
THU, PRI 2 T, OGS B EORS M R A e
53 e(X) I ATERARTZH GBM AR T e(X) A5 R, 44
25 sy 1 T )
(DA e(X) IR EeE K RO O &
FR, Al 31 PS B J7 12 R 2 $i02 B 2 Bk bk
Logistic 5¥ Probit [1] 5 vy Sk i 44 PR 22 X b P AR 11
PR AR A H 1Y L (H I BREOC R AL AIUE R . IS4 AR
RS G A rh gl 230 R A it R ARAONE A8 (] A2 IR
7 e 22 T TR e e IR S MR i R BT
fo Lo, IR AR B R RN S — S AR SRS
P P2 X AT 00 )2 AR5 2 oAb B A
Xof IR TR 240 B () X (R 22 04 T 20 ) S 25 PR A
5 (X BUAT LA AN [] 14 2 25 /K P p < 0.05 83 p < 0.1
5 p<0.2 ). AFSLIR AR A R 22 R gt R, )
R 2 SRR AT] A0 S B I B g B 9 22 I e
Fe— HARZERIBOA BE 2 M Ik (HRE KRR
Fe St RGN, 3 L% G 1 [ A 5 32 A e P SR g
ATRELAN S HT 1, HEAnAR n] R 2 ist T 2 A0 TR 2 20 o
BUE BRI E RBOC R o T GBM B R T U
S TS g — > BLAR 9 9 28 Boosting J77 125, E R4
— R SRR B A SRR A &N, T
fhitt Ak BRAR AR AR A8 i 2 ) R e R DA K
KRR AE B Z W a8 HIUROC R | Rk e A
PR Z ORI AR S A B AT Ak BRAS R AN AH S Y
THOL . HAh, TIN5 22 77 TR &, Boosting 77 kAT
HE ) 722 15 £ Boosting 515 Y AR Fp EL 22 1 B
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FENLA T FGE TR SCHR T, e AdaBoost 575,
Gradient Boosting machine ByE™ GBMs B DL K
LogitBoost 574155 i & 24 AR AR Hp A7 7E R TR Ak
A, HEN TSR Z [ Lot AR MRS AU
S REOE A TC R LA SAE A KRR A T RS FE Y
TEOLT M7k HI TG R TR A% 722 A 1 ] PP /04
L pve s S R A

(2) A1 PSEAL P IR AR B R R

— B, GBM A3 e(X) BB Hh R AT fiE i 5
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W . — My R R E AR SE T i 3 R A it
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AOBAE o AB ] PP SR R A PR — S OB
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AT L A LT Ve e ssAR
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A SCHIGE F A GBMAG T 1] 343, SR 5 45
Xof R AR FEA T30 A A IS, {7 Xof BREH AN AR AE
At (14534 55 A SREAH AR A S 1) 3 AP A
2 f(Xlz= 1) FoRAE PR MR RIR AL M, f(Xlz=
0) XS BREAAMARTR B oA . QR A FLE 1 Pl
BLAFECHY A B A oA —FERY . TSERR BB
TTRARIRY , B AT ZEAa 38— A w(X) 15

F(Xlz=1)=w(X) f(X|z=0)

Hort wX)=e(X)/[1 —e(X)] o MRTIR, QR BREL A4 i
BA 5P A ARAR TR 225 5, Bl o3 1e 31 4 21
L AAEARTE R, BIAMA £ A BRI e(X) , T
KRIAE w(X) , RRZINK o 4N, an SR Ak 354H Fox i
b 65 % Lo LB 23 Ai 73 53 10% 81 5% , 84 A
IR A BRI 2(=0.1/0.05) B X B4 rpr 434> 65 % 2tk
AN L S A AT N A B B A [FARRAE S R — R 1Y
Fe i o34t o GBM A ) PV 43 IAS VA B 3 1) S 5
[ 5 (Generalized boosted regression ) £ 7 3R Al {5 7]
PEOI I AT IR IR ) 7 i
2.4 RERA R AR

et FEMBE ) 74 2R TR 8% DA B A TR 2 R 3R 1
1) 2 5] P 5 245 BTFAL , GBM B30k J2: LA S Fxt

HRZH 22 [A] YR 23 A% B ARp ik 2k 31 A vEE U], B AN g 20
R 2% A8 & (1) Y {5 AR ME 22 (means and standard
deviations ) FF4 T2 [A] {8 EPEAGIS , 12 A1 FH & FH A I
V- 7 B UG IE A e T H P B bR o A X 34 22
(Average Standardized Absolute
ASAM) il K-S %4t 1t #& (Kolmogorov— Smirnov test
statistic)" LGAN, 24 ASAM /T 0.2 B 5 K-S Gt it i
KB/ A IR R A AR, th T
THA ASAM IR B2 B B MR 8 i 7EAL BRAH A A
Y22, T 24 00 A7 A8 B 2% SRR HE 22 0 0 1155 DL I
ASAM TGk, BT AASBIETE R K-S Gt il
M RAE B TR, K-SEEiT#E7E GBM .
i BB W N, IR B R/ METT IR BE IS
K-St 23 Wi R, 3% BANRERR IR0 K-S &8
THESA 2R E/IME, & K-S Gttt mTiER 5/,
DN R S TR A R Al T T R
2.5 PSAniUfhit 3 B R AR

SRR T 2 RER AN 9 e 4 1] 34 ] LA
PR EAE AT INAL B, Sy T Ak ATT 5%
HERAGTT E(y lz=1) , ZESLSE LA X IRATREAS i A
ARG = 1,2, N) JIE w, =e(X)/[1 —e(X)] , B FmH
AR X AYMA @ T REREBELIE £ 03 B B Ab A
AIPEEA L o AR A SRR FRA ) & B0 21 1Y
RN v, =y, s R AT EXF BREH, D) & Bl WLl
FNEERMEN v, =y, o WERFLNTERB S E XY FF T
AL PRAR & 7 585 Ry, 2, B

f=1ly,, X)=f(z=11X)=e(X) 1
f(z=0ly,,X)=f(z=01X)=1-e(X) o
B4, BATRTLAZE R By lz= 1) 894G -
Elyz=1)= Zf},‘y w022) _ Qe (3)
25:1“}"(1 -z) z’,ecw,
XA i e € KX APy i AN, AFC(3) 7T
DLHIR A T b B2 AR 32 0] BEZ AR I 18 P 2 45 )
A" & N, Alie T 5 BRI P FPe A B i A
MLIA A, )
EBoke=0=3 =X

A LHRAG AL BRE A A2 A B AR P 1 45 )
B, DT, Ab B ZH 7 25 R 2R BN ATT i Al 3t Ry
ATT=E(ylz=1)-E(ylz=1) . £ KFEA H% 2 L E
BARAF R OLT AL PR SR AO8 A 3 L F- 2 6 D

Mean difference,
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1o Horb B B A B i 2 W 281 () TR A AR £ ] LA
R AL PR 5 X BR 2 2 (8] BT A =R S AP AE B 25 59, T
o S M T I 2E o AN IR BRI 45 R
A2 HL At A AR b B A B L B 5 A BT S g PR 2
B2 o ASAIFTE ST 45 ) A% 1 B 0B OR U ARG T4k
PRAS 5 1) Logistic [P I AR | D) b BRAR & ) [0] 9 22 550 (.
AT Ay b B2 S 28 DRLSRAON A HHE ATT
2.6 xFitkfE LA R R 4B T

T H, FRATT RS B A AR A A T ] T4
BRI AR R AN 5 R S 1) TR 2% TR 2% B 7 Dl
&y, FRATTFT ZEX 2 A ] BEAF TRV AR TR 2% 1R, B
T B BRI AT . W TE IR (A AEE & S8R A i
SILE AL [) 8 A A L2 37 b B R AR SR AN [R] , B A 3 4y
PC AR TR LSS B IR 424 o 914, TR 24 A% Lg%
{ELAH R O IFIE AR YA — e AR ISR 3 (R TR TR A
g, Rk SEY AR AR A AR AP 22 5 BRI E AR o3
Tic 3810 Ak B2 AR Rt AR ] o DA, X ASC R R 24 R SR
WOV A T2 e AR 25 . T JOIE B P Ak T
TEAW A , w0 LA A 56 DA BT 52 45 SR Vs 7 i ey
() OB B R R R A LB AT A A i, BDX)
TEAETR AR A AU S B

A WFIE TP A ARV R AR R, IR A AR 4 T 32
b B2 1 B S AR B H (RP B SEALER) SN 2 w0, = w(X)
T 2 w0, = (X, H) L3 HL H 357 To v W 51 fr v 78 18
B N T RIS ATT XPEAEIR A AU  FRATT 77 2R
S91) Bits 240 16 D40 AL w, B9 784k, ATT 728 Ak i) U
P 3 B0 I I 45 Th A I — S LR
s OB AL H X PR TR A T, A5 2 R
FIALEE A (X)), T JEAR P EE R w(X, H) o 381k AT
] PE B FP AR R BS B — AN TR 2240 i, FRATT AT LAKS 56
ATT XoF 77 b faf 2 45 fak™

3 SER

A SCHIFH GBM A 348 151 -4 , 18 5l K-S e 4
BB/ AN ISR AR AR (-1 T P45 9F
SHF LT UL FHT A SR DL B RTR 24 R % . #
Wb AR RIIEA B RE R K-S G Tt ik Bl de/ )N, (H 1%
FRORBOH 22 |, BERYA A I TRL R o S BR I A e %
BERAEARUEL, 45 K-S Gei e ik Blds/ N, IR
AR, B rE A AT . AR ST e AR
UCECR 20000, 5340 HU—4TH 1) 4 B 58 FL 300 AT A A4

BEARYTE 2 TE B YU AR (R Ag s A 11, BRI AS T
] VP73 AR L v [ 3l 2% P& TR 2R 78 22 6] Y DY [ 52 B
Wi, — KU, #7255 18 5 el e = B iy 28 B0, D)L
SKIFFRAEA RGBT . BLAh , B R — > R A/
WA 22 8O T HRBR AR vh R 2 O HH DG TR A 7%
it P A AU S B E AR TR A e A LI
R AR AL, AR H— N /N ERE 0.0005
A, I H leave—one—out JJ Y17 (jackknife) A Al 11 PH S
BN RIS . AT A A AR T BT R g TR
) gbm survey Fll Twang 54> 4 2 SC I

3.1 GBM/&itegti it fe i &

PG e B AR K-S 88 itim 1A B e /IME HY
BARRECH 5217 K o AR AR WA 3 14 87 MR A48 £ XS
BEAUGT B SR B R AR IS 1) DTk, Sk B 2l & F4HE
Fr i MR B AL A B AR, B BLOR
K2 67% 38 NI H T 4 MR AR 7 S 300 - R B
FRHS (22.48% ) 1 25 K0 41 (21.81%)  AE Be B =2
(16.14%) FIFAR 25 2555 (7.37%) . 1% DUMIR A BHLLF
5 b PR T PR IR OC . XA
32 s 43 A, T A ARAK S K] (Partial dependence plots)
ROPRAF o BRI AR : X E 86 MR E
AR R LS A B BRI S I 5 R LA
X L S R R A A 2 (RN OC R AR L
(W) . IE 1A Hean, e o e
JRER AR o i 4 AR R AT T RER T BRSO
SFEHLL A, XA AR LR IR T GBM Jr ik e,
SRABIEARAE LMl ARy Horh— 2B R s F R b 3
TEICR R RAHICAE , AT DA% e HERR /D e TR A A8 ot
T A HE 2 A0, T /N A e B B ) PP AR, AR
PEASEE AT B 2256, FRATT AT v 55 2 A
MR 5 2 ] PEA B AG TR 45 R LF IR
A

Bl 2 i e B oR T “PHLETFSFLL BRI PG
FESFRLAR " B9 ) P74 0 o3 A, K Z2EA AR AR 4R
HTE 0~0.5 Z ], DECM AR R AT 1.5 768 20 7
A R ) I S S AR /N . B L AT A R F
PR 2H {8 [ BP0 22 TR0 A BRI E S, PR/ N T &3
Bl 2> feff R RGO O A A SRRy T 22, DA T B ]
PEST AU %t HRZH 5 b R TR A48 B o0 A ASREAR LT
VERCHYSERS o KT, GBM A AE L M 5C R /R & 7E
{0 [ D432 8] Y 2 5 TR AN S T AL TR A48 s Y {2 )
H22 5% . McCaffrey 25 F Ridgeway FH 5291 154 BH B 9
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B2 EEA“FIEH ST L (Treatment) " F1“FLLEFH 5 FELT (Control ) BE W AT S L E
FEANEE" FLAHASHUT BERNSHETE

YT 1 PE 43 1) o0 A5 JLF- AR, IR ASRE 25 A IR 24 A8
S VBT R A P, S, R TR AR 8k, B
fifi GBM Ak 3 A b 1) D120 A ER A 9K AR TR Lt i 7
YIRS B A b AR ARG 1 A
3.2 e E BTN

TR 2725 g 22 [V (1) S50 25 76 R PS 45 X6 B A4 14
HEAT A Z B2 0l L B AR B . R2 AT
“PRHAAIE S AL L R PR AT SR LT "B 4
AR AR S AR ) PE 3 INASCHTT I 1 53 A0 REAIE 2 K-S
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®2 MARNSEXREXATEEMEITS MIEIEN A HIFERK-SHFIHTE KK pE

-7 5 S B(ALT)
Covariate KA AR 5 A A
Frer bt S5ARA b b 5ATF pli FH &3 SATF

Mean (%) Mean (%) > Mean (%) > pi
SEX: % 64.1% 74.5% 0.10 0.00 64.8% 0.01 0.90
SEX:% 32.6% 25.5% 0.07 0.05 35.2% 0.03 0.74
Age: ik 66.0 70.4 0.14 0.00 68.7 0.14 0.27
HOS:HZ 1.8% 50.2% 0.48 0.00 13.2% 0.12 0.00
HOS:KZ 3.6% 9.2% 0.06 0.00 5.5% 0.02 0.52
HOS:SLJ 72.5% 25.1% 0.47 0.00 61.1% 0.11 0.08
HOS:SLS 14.4% 9.6% 0.05 0.06 11.6% 0.03 0.63
HOS:WJ 7.8% 6.0% 0.02 0.42 8.6% 0.01 0.84
DEP:CCU 5.7% 6.8% 0.01 0.61 6.4% 0.01 0.85
DEP: T 455 & 10.8% 27.9% 0.17 0.00 17.9% 0.07 0.14
DEP: & #+ 0.6% 2.0% 0.01 0.14 4.5% 0.04 0.01
DEP:»f-%% A At 0.3% 0.0% 0.00 0.53 0.0% 0.00 0.65
DEP: & &4+ 1.2% 0.4% 0.01 0.28 0.1% 0.01 0.48
DEP: 1 %-ikA+ 0.6% 0.0% 0.01 0.23 0.0% 0.01 0.63
DEP:#% % M A 0.0% 0.8% 0.01 0.13 0.7% 0.01 0.05
DEP: B 7% A+ 0.3% 0.0% 0.00 0.51 0.0% 0.00 0.62
DEP: 74 4 A # 0.0% 0.4% 0.00 0.32 2.7% 0.03 0.02
DEP::s 4 91 F+ 0.0% 0.4% 0.00 0.31 0.2% 0.00 0.10
DEP::S 2% 1A+ 77.8% 52.2% 0.26 0.00 58.8% 0.19 0.00
DEP: s % 914 1.8% 7.6% 0.06 0.00 6.6% 0.05 0.03
DEP:JLF 0.6% 0.4% 0.00 0.75 1.6% 0.01 0.42
DEP: ¥ E#} 0.3% 0.0% 0.00 0.52 0.0% 0.00 0.62
DEP: it 54+ 0.0% 0.4% 0.00 0.31 0.4% 0.00 0.04
TOT: #8435 % 5.1 45 0.12 0.03 3.6 0.23 0.01
TRDAE R R 4 15.1 17.5 0.10 0.07 15.9 0.09 0.75
F 3 K-S%hitE 0.12 0.06
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BALT KA 5% AR A 5 B 3 e KT 0(0.047) , il
TR PR SRR B Ge i i & P (p (=0.048<0.05) .
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B cor(a,,y,)=p ;5 113 range(p) &7~ & =51 a, ()
2295 o3 A AR BN S AT BB K I FER /N p 5 557551
range(E,) Fn#i15 p AT BEi KA /MO 24 o, 1,
RAGEX(15) T3 2] Ey,lz= 1) 1955 K AE R/
{Ho 55750 break even(p) -
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FLi, AR AR A, HEATTX N B break even(p) #BAR

3 FRMM Logistic [E1V3 . GBM i [a17F 43 Hn A Hn W R 4 i 3+ I SR & R B it

Estimated treatment effect method

AAnA Logistic = )2 GBM 47 &7 3% 5~ AmAX AR %
%t = AL (AR ) p Mean p Mean p
ALT 0.016(0.024) 0.498 0.047(0.023) 0.048" 0.036(0.022) 0.091
o i 25 R R T GBMAR 61 3% 4~ i do AT HEAT B R AT 09 5 A a3 A2 e 7, R A T3 e AT R & & e R P A AR,
x4 FAEH5HEEITERBEHSRESH

Var E, range(a;) obseved(p) range(p) range(E,) break even(p)
HOS: E % 0.06 0.24 4.20 -0.02 -0.42 0.70 0.02 0.13 -0.01
DEPAE e A £ 0.08 0.18 2.00 -0.12 -0.48 0.74 0.02 0.12 0.01

TOT: 3k 2525 %F 0.05 0.45 1.67 0.19 -0.58 0.66 0.04 0.09 -0.01
TRD:AE e R 2% 0.06 0.91 1.09 0.15 -0.44 0.73 0.05 0.06 0.00
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GBM Propensity Score Weighting for Causal Inference Research
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Abstract: Objective In observational studies or non— randomized design, the researchers’ ability to make causal
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inferences from data was hampered by confounding factors. This study used this method to analyze a group of
observational medical data in order to instruct relevant medical personnel to carry out their own causal inference studies.
Methods At present, the four main types of propensity scoring methods: matching, stratification, inverse probability
weighting and covariate adjustment have been widely used in the study of causal inference. Propensity score method can
theoretically eliminate the bias of the observable confounding factors, so that the treatments variables are close to the
result of random assignment design, thus, it is estimated that the treatment factor has a causal effect on the outcome.
Results Considering the advantages of the inverse probability weighting method over other methods, this paper
summarizes the applicable conditions for the estimate of causal effect, particularly illustrates the use of a modern
nonparametric statistical technology—— Generalized Boosted Models (GBM) and its advantages and disadvantages.
Conclusion When there is a lot of different types of confounding factors, and uncertain functional forms for their
associations with treatment selection in linear, non—linear or interaction effect, and other issues, GBM propensity score
weighting method can overcome the obstacles in the process of accurately estimating propensity score.

Keywords: GBM, Propensity Score Weighting, Causal Inference, Observational Studies, Non—randomized Design
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