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¥ 2. Double propensity score oA ZA3}H 47} 49

Continuous outcome :

difference in means

Coverage probability

) Empirical SE(Bootstrap)
Correlation Model (Wald type)
Mean Bias SE(Empirical)  SE(Simple)  SE(Complex)  SE(Simple) SE(Complex)
0 PSM 1 0.9948 0.0052 0.3591 0.2582 0.3774 0.844 0.965
PSM 2 1.0051 0.0051 0.3509 0.2546 0.3760 0.862 0.956
PSM 3 0.9994 0.0006 0.3481 0.2548 0.3774 0.864 0.957
0.3 PSM 1 0.9925 0.0075 0.3623 0.2653 0.3799 0.842 0.957
PSM 2 1.0021 0.0021 0.3550 0.2592 0.3772 0.847 0.959
PSM 3 0.9931 0.0069 0.3615 0.2596 0.3787 0.831 0.960
0.5 PSM 1 0.9621 0.0379 0.3793 0.2701 0.3826 0.836 0.957
PSM 2 0.9686 0.0314 0.3603 0.2633 0.3782 0.838 0.959
PSM 3 0.9672 0.0328 0.3680 0.2639 0.3832 0.833 0.949
0.8 PSM 1 0.9428 0.0572 0.3776 0.2753 0.3848 0.846 0.956
PSM 2 0.9604 0.0396 0.3444 0.2662 0.3802 0.865 0.962
PSM 3 0.9533 0.0467 0.3531 0.2673 0.3882 0.849 0.964
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¥ 3. Double propensity scorecl A ZAx}H47} o] 2

2R 2 SE (R EEH E=0.05)

Binary outcome :

risk difference

Coverage probability

) Empirical SE(Bootstrap)
Correlation Model (Wald type)
Mean Bias SE(Empirical)  SE(Simple) SE(Complex) SE(Simple) SE(Complex)
0 PSM 1 0.0216 0.0016 0.0495 0.0320 0.0458 0.849 0.950
PSM 2 0.0209 0.0009 0.0489 0.0314 0.0454 0.837 0.959
PSM 3 0.0216 0.0016 0.0486 0.0314 0.0454 0.842 0.960
0.3 PSM 1 0.0157 0.0043 0.0479 0.0341 0.0479 0.866 0.960
PSM 2 0.0211 0.0011 0.0462 0.0330 0.0471 0.866 0.970
PSM 3 0.0199 0.0001 0.0461 0.0330 0.0475 0.866 0.965
05 PSM 1 0.0161 0.0039 0.0488 0.0350 0.0485 0.852 0.958
PSM 2 0.0182 0.0018 0.0477 0.0336 0.0476 0.830 0.960
PSM 3 0.0193 0.0007 0.0474 0.0337 0.0484 0.841 0.960
0.8 PSM 1 0.0132 0.0068 0.0472 0.0362 0.0494 0.863 0.962
PSM 2 0.0189 0.0011 0.0473 0.0345 0.0479 0.843 0.959
PSM 3 0.0206 0.0006 0.0465 0.0347 0.0494 0.860 0.975
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¥ 4. Double propensity scorell A A A7} A& A Agade FFeA F4X 2 XEFE(HE SN E=01)

Continuous outcome : difference in means

Coverage probability

) Empirical SE(Bootstrap)
Correlation Model (Wald type)
Mean Bias SE(Empirical)  SE(Simple) SE(Complex)  SE(Simple)  SE(Complex)
0 PSM 1 0.9870 0.0130 0.2418 0.1819 0.2629 0.860 0.963
PSM 2 1.0057 0.0057 0.2412 0.1794 0.2621 0.853 0.965
PSM 3 0.9941 0.0059 0.2401 0.1796 0.2629 0.861 0.967
0.3 PSM 1 0.9687 0.0313 0.2518 0.1872 0.2647 0.866 0.958
PSM 2 0.9910 0.0090 0.2405 0.1827 0.2626 0.856 0.968
PSM 3 09777 0.0223 0.2447 0.1832 0.2653 0.851 0.965
0.5 PSM 1 0.9477 0.0523 0.2533 0.189%4 0.2659 0.837 0.952
PSM 2 0.9677 0.0323 0.2473 0.1840 0.2626 0.834 0.962
PSM 3 0.9511 0.0489 0.2480 0.1846 0.2668 0.837 0.962
0.8 PSM 1 0.9310 0.0690 0.2601 0.1937 0.2697 0.846 0.951
PSM 2 0.9609 0.0391 0.2469 0.1867 0.2635 0.848 0.962
PSM 3 0.9434 0.0566 0.2430 0.1874 0.2717 0.858 0.970
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¥ 5. Double propensity scorec]l A ZAx}H47} o] 2

Binary outcome :

risk difference

Coverage probability

) Empirical SE(Bootstrap)
Correlation Model (Wald type)
Mean Bias SE(Empirical)  SE(Simple) SE(Complex)  SE(Simple)  SE(Complex)
0 PSM 1 0.0185 0.0015 0.0365 0.0221 0.0313 0.846 0.947
PSM 2 0.0200 0.0000 0.0362 0.0216 0.0310 0.824 0.955
PSM 3 0.0203 0.0003 0.0354 0.0217 0.0310 0.833 0.959
0.3 PSM 1 0.0157 0.0043 0.0351 0.0235 0.0329 0.829 0.949
PSM 2 0.0176 0.0024 0.0346 0.0227 0.0320 0.847 0.9%4
PSM 3 0.0172 0.0028 0.0347 0.0228 0.0325 0.834 0.9%4
05 PSM 1 0.0139 0.0061 0.0354 0.0240 0.0340 0.822 0.947
PSM 2 0.0184 0.0016 0.0337 0.0230 0.0323 0.843 0.946
PSM 3 0.0175 0.0025 0.0344 0.0231 0.0333 0.836 0.949
0.8 PSM 1 0.0126 0.0074 0.0351 0.0246 0.0354 0.840 0.949
PSM 2 0.0172 0.0028 0.0321 0.0234 0.0325 0.872 0.966
PSM 3 0.0174 0.0026 0.0322 0.0236 0.0344 0.860 0.967
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fus

Continuous outcome : difference in means

Coverage probability

) Empirical SE(Bootstrap)
Correlation Model (Wald type)
Mean Bias SE(Empirical)  SE(Simple) SE(Complex)  SE(Simple) SE(Complex)
0 PSM 1 1.0157 0.0157 0.3586 0.3615 0.3775 0.945 0.964
PSM 2 1.0158 0.0158 0.3507 0.3573 0.3760 0.951 0.958
PSM 3 1.0111 0.0111 0.3482 0.3570 0.3772 0.951 0.956
0.3 PSM 1 1.0596 0.0596 0.3615 0.3697 0.3800 0.943 0.951
PSM 2 1.0315 0.0315 0.3552 0.3611 0.3772 0.948 0.961
PSM 3 1.0248 0.0248 0.3607 0.3616 0.3780 0.947 0.960
0.5 PSM 1 1.0720 0.0720 0.3788 0.3770 0.3823 0.941 0.941
PSM 2 1.0148 0.0148 0.3608 0.3653 0.3782 0.937 0.957
PSM 3 1.0185 0.0185 0.3684 0.3661 0.3823 0.929 0.951
0.8 PSM 1 1.1333 0.1333 0.3741 0.3839 0.3854 0934 0.934
PSM 2 1.0340 0.0340 0.3440 0.3674 0.3810 0.959 0.967
PSM 3 1.0360 0.0360 0.3526 0.3694 0.3823 0.962 0.969
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Binary outcome : risk difference

Coverage probability

) Empirical SE(Bootstrap)
Correlation Model (Wald type)
Mean Bias SE(Empirical) SE(Simple)  SE(Complex) SE(Simple)  SE(Complex)
0 PSM 1 0.0253 0.0053 0.0494 0.0440 0.0457 0.949 0.952
PSM 2 0.0224 0.0024 0.0490 0.0432 0.0454 0.944 0.962
PSM 3 0.0232 0.0032 0.0487 0.0432 0.0454 0.951 0.961
0.3 PSM 1 0.0269 0.0069 0.0483 0.0471 0.0480 0.957 0.962
PSM 2 0.0249 0.0049 0.0463 0.0453 0.0474 0.958 0.970
PSM 3 0.0240 0.0040 0.0463 0.0456 0.0477 0.956 0.967
05 PSM 1 0.0343 0.0143 0.0482 0.0486 0.0486 0.945 0.937
PSM 2 0.0240 0.0040 0.0481 0.0468 0.0481 0.950 0.960
PSM 3 0.0258 0.0058 0.0481 0.0468 0.0488 0.945 0.957
0.8 PSM 1 0.0433 0.0233 0.0469 0.0503 0.0497 0.943 0.941
PSM 2 0.0278 0.0078 0.0480 0.0482 0.0487 0.953 0.956
PSM 3 0.0312 0.0112 0.0472 0.0480 0.0500 0.962 0.977
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Continuous outcome : difference in means

Coverage probability

) Empirical SE(Bootstrap)
Correlation Model (Wald type)
Mean Bias SE(Empirical) SE(Simple)  SE(Complex) SE(Simple)  SE(Complex)
0 PSM 1 1.0256 0.0256 0.2424 0.2560 0.2638 0.953 0.964
PSM 2 1.0213 0.0213 0.2421 0.2522 0.2619 0.959 0.959
PSM 3 1.0118 0.0118 0.2408 0.2523 0.2631 0.959 0.967
0.3 PSM 1 1.0913 0.0913 0.2522 0.2619 0.2659 0.941 0.952
PSM 2 1.0388 0.0388 0.2415 0.2550 0.2633 0.960 0.963
PSM 3 1.0344 0.0344 0.2444 0.2553 0.2661 0.965 0.964
05 PSM 1 1.1446 0.1446 0.2556 0.2660 0.2676 0.920 0.920
PSM 2 1.0478 0.0478 0.2486 0.2587 0.2638 0.9%4 0.961
PSM 3 1.0443 0.0443 0.2504 0.2591 0.2684 0.946 0.959
0.8 PSM 1 1.2458 0.2458 0.2568 0.2711 0.2692 0.859 0.851
PSM 2 1.0989 0.0989 0.2520 0.2604 0.2670 0.948 0.943
PSM 3 1.1000 0.1000 0.2459 0.2617 0.2762 0.946 0.955
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Binary outcome : risk difference

Coverage probability

. Empirical SE(Bootstrap)
Correlation Model (Wald type)
Mean Bias SE(Empirical)  SE(Simple) SE(Complex)  SE(Simple) SE(Complex)
0 PSM 1 0.0253 0.0053 0.0364 0.0305 0.0312 0.950 0.951
PSM 2 0.0228 0.0028 0.0364 0.0298 0.0310 0.942 0.951
PSM 3 0.0233 0.0033 0.0354 0.0299 0.0309 0.948 0.957
0.3 PSM 1 0.0364 0.0164 0.0344 0.0322 0.0325 0.929 0.929
PSM 2 0.0257 0.0057 0.0347 0.0316 0.0323 0.949 0.951
PSM 3 0.0262 0.0062 0.0349 0.0317 0.0325 0.938 0.952
05 PSM 1 0.0457 0.0257 0.0346 0.0331 0.0332 0.886 0.892
PSM 2 0.0317 0.0117 0.0345 0.0320 0.0328 0.924 0.939
PSM 3 0.0325 0.0125 0.0352 0.0322 0.0335 0.925 0.935
0.8 PSM 1 0.0609 0.0409 0.0337 0.0341 0.0337 0.784 0.776
PSM 2 0.0391 0.0191 0.0331 0.0328 0.0334 0.909 0.923
PSM 3 0.0417 0.0217 0.0332 0.0328 0.0349 0.901 0.927

_25_



2w BT W ar#
2] o X oy o
2 ooy R W oo T M om o _ —
SR RELLEGERET FPLEPELSE
m ™™ o HT Tlo o x AT.C T —_ Lt 1_,_Al " =
w50 o o N 2 < ;7 op 5 oR
S T 2 X oo T W ﬁuo»mq%acY1
o w AT E S G T N T g
Wﬂ,ﬂbufptm.umo WOZMML#LMM‘N‘NLM‘_H&I‘N‘WEMD\WM
X ® ST T T LA o Lo =B g
X 208 BRRCHE BT ST T
TN P E T E T X ED 22
Ty ™2 s %_Uoﬂﬁ%ﬂuln%@%ﬁ X
o ) ,__lo o KR — o .8 &o = — - ,_mﬁ
mwu..@igi me_sgﬁlﬂzdﬂ%%baﬁ}wﬁ )
S mnowz%ﬂm%ﬂo_L%A}Mmz
™ W 7 o 5 o ;b o o TN )
Llﬂn_AI - ﬂ]rn_rmxo_ﬂH L.._o_uuT77uE N TR
I TR R T84T E
. T ° -—F — < ©° oM B2 N ol
T MK gy gWﬂym1eo;fﬁu;£@a
7ﬂbmuw.m.ﬂyul z.#olzT%omﬁﬂnANroﬁLmumﬂorﬁowﬂ
5 < ! 53 » 2 g g =
H,_m%mo.mﬁ% %%Mz%ﬂwwmoﬂwmw@ﬂmwo
X0 ™ DR~ oo S S
=T W bom K nynﬁuw,%%wm_%%wﬁﬂcG%%E
g 2ok T o g G I - NeEzriD
o_ulﬂomﬂmyl ﬁﬂﬂ??ﬂ%%ﬂﬂuﬂoﬂuﬂ W oo
l O o
2 g Tedx LY g O I I
= & X XM W K O % oo = W
o A L wmoe ow o O 5 e K m P
K @%.xﬁeﬂuﬂ %o_n Fom Py o .}eﬂWMﬁ
m Mm_szolﬁﬁu\w\Dla,_ Lckﬁwmﬁﬁlﬂ%%}cﬁéaﬂmw :Lﬁﬂ
=0 zm_.@_@i} HwL%ﬂn.%HumﬁH.mJﬂﬂna
< FEP T g wP P sfFesTe IO
N — o = ol WS I - Bg T = X R W
gy = S o ~ &N ~ oy o = ic —~
‘Iro N — ZI - il (o)) OW N :i s .ﬁl o) _— ‘_Iryl ﬂ < LL EE
X T oo WS S oo S Smw T
<t TBeow g ™ w M e 8 ERET X
T Moo eri o bET S03 R
— ziﬂ%ﬂ%ﬂ K wnmwfmouuu?ﬁ%wow aﬁ@,mﬂ
X ﬂm.gﬂmnﬂ% — momﬂo_uuo%nﬁm_uﬁ%mﬂ,ﬂoﬁmu
. o _—
5 o d A N %w%@ﬂﬂz%@%}mkgmz
oH C.*OE‘MWPIA_I‘.mo_H

i -
--r-lH-.r
o = [
{w ]l A
CR |

_26_



= o o T
0 T~ B\l
ST TRz TIE
MuT.c apﬂﬂmaﬁm oﬂaw
TE TReT el Ny
By ﬂﬁﬁwﬂouwﬂ%?
—_— — o oE T —_—
< O oo_uﬂﬁ N,meMﬂ
N T oE g
- Nl B
< mo B ww A Mw Mw S up g
rﬂmoﬁ
T ke E e
od%mwAﬂmmﬁ_cm%ar
2o LT KT E g
ﬂx,mﬂﬂ_rﬂqﬁ.._‘m > B
lr,_ﬂ/ﬁlﬂtl R zfiptﬁﬂm
g N W Mo N S
o T D AT Hoagog ok &
E.o_/wmwlemu Ju‘_ N
T, P TR~
E op PM_. N £ %0 M_M —
ol MW T o e T D
S
—_ a ! X 3
° M%%ﬁﬂ%%t%@
p ! =
Ltimw%mﬂﬁwggﬂ
o FF TN oy
A AToMaﬂu BERLCE O g AJ
o= = W oW o E
BE R T N E g T oo
- = — A= 2 o_HA_.aﬂi
.ﬁlaMLtlij‘clEa —
g A o a Ar%7ar.
T Es 2T EA
= SE2835 6% o® 2~
g = (o I e 9 Ak
E b L3 T BT
HEM T ER R YW

Ty
.....ﬂ:...‘.. 1
E LNHE | s
A DY
o

stk

1: Annual

0: Biannual
0: §it} It

1:MRM, 2: PM,
3: PM & MRM

T A A el ol (uh)
- 27 -

y

Group
Age
or

DetectionbyUS

Time_interval_da




A &2

Annual

Biannual

4
)
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W ol Arrk A E As 2 & 4 Ak B NNMS AR§ate] wjd € =
o Hlastol = AJoldt AE7F hAad S gl & vk EE Wy o &
SE 127} 005K 2B {FoFFE 0058004 F welA WEEe] B 2
i g gt
F 12. NNM 5 Fx53 A4 A7 7E5A%
uj g 2zt
W= Biannual Annual ) )
FAlBEL  HoITE2
(n=670) (n=670)
Age 54.05£9.20 55.02+9.51 0.0590 0.0577
Time_interval_day  2297.51+784.07  3012.40+1142.17 <0.0001 <0.0001
0] 0.6009
MRM 446(66.57) 464(69.25)
PM 206(30.75) 187(27.91)
MRM + PM 18(2.69) 19(2.84)
3 13. Caliper matching ¥ FW =53 AAF A59] 7|&EA=F
uf Sk}
W= Biannual Annual o .
G881 folaEY
(n=385) (n=385)
Age 54.21+9.74 53.83+£10.29 0.5812 0.5905
Time_interval_day  2322.17+994.28 2349.98+965.71 0.2300 0.1370
0] 0.4954
MRM 245(63.64) 247(64.16)
PM 130(33.77) 124(32.21)
MRM + PM 10(2.60) 14(3.64)
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Hol RAEfS Al 4= B FogES FAHE AYILAE FZFAE
UiE S 74 2T AR E g 2ol 74]*&?&‘:}. A AR E B BEeAE
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]

TTLX 2] gE&
E I T | B s
Simple Complex Simple Complex
NNM
-0.0006 0.0066 0.0167 0.4638 0.4857
(n=670%2)
Caliper
matching -0.0002 0.0069 0.0109 0.4884 0.4927
(n=385*2)
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F AFFRY MRS A WESH gHS AR B4 AnE 2|
simple X=E & o]&3lo] FHH AlF o] Zo]7} complex H~E S 0] 83}

A F

Simple Complex
NNM

Wald type 95% CI (-0.0135, 0.0122) (-0.0333, 0.0321)
Wald type 99% CI (-0.0175, 0.0163) (-0.0436, 0.0424)
Empirical 95% CI (-0.0135, 0.0129) (-0.0431, 0.0224)
Empirical 99% CI (-0.0175, 0.0162) (-0.0610, 0.0303)
Caliper matching

Wald type 95% CI (-0.0137, 0.0133) (-0.0216, 0.0212)
Wald type 99% CI (-0.0180, 0.0176) (-0.0284, 0.0279)
Empirical 95% CI (-0.0234, 0.0026) (-0.0161, 0.0261)
Empirical 99% CI (-0.0260, 0.0078) (-0.0219, 0.0337)

_31_



Moo nf.ﬁ N ool &

X ﬂgz_ﬁ%w momoof %
= )

S Eggah sHaruTEaT

b \.lﬁ_Al _ZT Jﬂ_ E .ﬂuu En_ .ﬂuu owu En_ ZI # _ZT % 1_,mo %lA.H HT —

S w i R SN e o o TR
= ISR L "oy S PR
~ . 7 _ ! ' T
,marg%%oﬂ;o Egﬁ_zf.wmﬁ%m mg%?a%%m

_mfﬂﬂﬂo%%ﬂ ﬂ%ﬂﬁoswﬁo1% mm_sgﬂwmm
- ) ) <o =]
. AR T oo 2 = J D b 3 B = oMz ™
T 3 U Nd %o do N Wﬂ K mﬁ Aﬂ iy e =< | Ma ) J.M il il ) S G o
r3 T H B N X = M o) N R ol % HM <] "o < o i W In
Y L I B %o GO ) B oF HA__/n P wm of L = =
o s e o AR R w P g T 5 4
PEEELE: o7 TIRERT: AEFEEEE
o Ao o =y - o W il K : i il W_M K o) TP = i o T oK mw ojn
:.;E o — [ze) ﬁE " m TA [l X &O WA_-O L MO = s S R
) do X " o A wP Q W — 7 o’ of ﬂ 3 i~ o KI e ﬂ ©
m@d_?mﬂﬂi&v mﬂv}aﬁzm 7o N e %11?
o EX T L ER L TETEm LT SN
X 2B wﬂu " H@d..@ R do o b wl%m. G+ @A £ 3 W
B .Lw%s%%ﬂﬂﬁo_ﬂm1 T g ﬁo_mfogo%c%é
z ul .WﬂmMamqar% mmoﬂ%:;;f | L Lt}ﬂgwﬂqm
=K 2 g g T 2 W b mm N - K E T o 0o T o n
a) o <K O dl — v = = = ) w olo of L] % wp ol
pxwm.wucm‘od:b__ﬁomﬁ%ﬁ_Q%Qm }%%&wﬂi.@
. o & 8 uzﬂvmmﬂh%1ﬂ£m% < %uo%ar%
= m. Q X il N g X oz S N < MO of 7 N L R _Mo kS v
‘Eﬂ 3 8 5 T o T X T W 5o N oo ey X0 B s
S T ° 3 <~ % gy 2 8 N R g W . g o
| > 2T joj )] =0 J) ) LT = o Moo o] oF = 7o W o F
o pg T % S EE % R olsgeAT
X T e o i 5 55w AR zLoLE%
X ® o= ® % S ol o oy b+ oS B
Te) = m et < N 3 .ﬁ — OE . Iv_AI <o o#a —_ KR — :lo.ﬁ- ‘_Iryl
i+ =% =T oy oy < = Mo ~r = T N X N o B R o By 2= Nx
— iy W = < o o T o o# NI m T I _” B ;‘.mo T = w o X0 N
3 3 ﬂaﬂ;ﬂ%a%e w o m L B A
o] ® N T o= KO N oM Q5o i~ T = N L L) —_
Wom o owe K — e N = 2 T s = W B 5 ® M
=B < 5o o T oo & 0
=0 Elie - o o R oo do X w . ) iy F
_ZT :i ﬂm N o ﬂi N <L m < n,lA.l Ye) X0 oﬂa \Ul R ~ o .C 9 X =
ol ™ o 2 o 3 s » ) 2« ik
A+ oz W o oW W oy i 5 ™ T T
S W VI~ ! B 2 — o
= X \m_ﬂ X ZT o} = m oR O
Cll G Cols! o2 3 A} -
~ T oF w: oy m. g . w
S = 7 ) ol
— © 1_A_|o &o

r 1y =

.....ﬂ:...‘.. h

AT LY
2y ..-h.1u

7§3’Jr7]- ]4_% o]%};

}

9
pal

o] Ei

- 32 -



™ N B N
TP ST of T u g
il o_r po.
. T oL b B Mﬂ m E = K ol
oTﬂ%m M 3%
T MMU‘WVH X ﬂo W B o m.ﬂa
l_n_n_qu%.ﬂo%amm.o_u S o
Qﬂ o Al mu m_mw N+ % W mm = o 21
! -
Mﬁamgﬂmiwﬂ@ o =
—_— ! L
TEEREE LN 5
X v 7 WEE 53 ﬁ,@M iy i)
ﬂumM}mE@myE%Qu.mw?
ATﬂmﬁmmm&owgeﬂH%Am
wuauicﬁwﬂ}ﬂgﬂ_%%%
o RO .ol N i ol e
GO B S T i
A ° T TR
e o8 = -
ﬂWM_ZT%Hﬁ%W%%m@
ofﬂariﬂ.m%ﬂgﬂmomﬂ
ﬁoﬁioﬁ?noow%ﬂﬂxmﬁ
@ﬂ%ﬁ@m% W =
do ® %m%ﬂyaymk
x w B9 # & Quﬁm_ﬂ_ﬂa 2 o
e ﬂMeeb o X 2 X
Wy o cﬂ% Mﬂmo M_M M Hﬂ N N+ 1& Mﬂ < N
) _ )
mmwﬂm#.%dbﬂiﬁ%ﬂm%
g < oar 4w M S g o N R oy X
ooy w = £ o ol
2= }Eﬂsueﬁyzw%
mwwwwﬁﬂmﬂiﬁwwg
) A ..
m(ﬂwmw ol T ol P .y
B E N E@JE% o ™
mﬂrﬂ}q%liov%%
b yﬁ X_,AO o
= B e W g o W oo
2 jns A~ T om = N+ o+ S =1 p do
MMM
.x%ur«i Caa]
< ol |

...........HH.

- | = F .ﬂr
ﬁ.ﬂfﬁ.q
b .un....v.

- 33 -



ZuEd

Austin, P. C. 2009. “Type I error rates, coverage of confidence intervals, and
variance estimation in propensity-score matched analyses”. The international

journal of biostatistics, 5(1).

Austin, P. C. 2011. “Comparing paired vs non-paired statistical methods of
analyses when making inferences about absolute risk reductions in

propensity-score matched samples”. Statistics in medicine, 30(11): 1292-1301.

Austin, P. C. 2013. “The performance of different propensity score methods for
estimating marginal hazard ratios”. Statistics in medicine, 32(16): 2837-2849.

Austin, P. C. 2014. “Double propensity-score adjustment: a solution to design bias

or bias due to incomplete matching”. Statistical methods in medical research.

Austin, P. C., Grootendorst, P., Anderson, G. M. 2007. “A comparison of the ability
of different propensity score models to balance measured variables between treated
and untreated subjects: a Monte Carlo study”. Statistics in medicine, 26(4):
734-753.

Austin, P. C., Small, D. S. 2014. “The use of bootstrapping when using
propensity—score matching without replacement: a simulation study”. Statistics in
medicine, 33(24): 4306-4319.

Gayat, E., Resche-Rigon, M., Mary, J. Y. Porcher, R. 2012. “Propensity score

applied to survival data analysis through proportional hazards models: a Monte

Carlo study”. Pharmaceutical statistics, 11(3): 222-229.

_34_



Konietschke, F., Pauly, M. 2014. “Bootstrapping and permuting paired t-test type
statistics”. Statistics and Computing, 24(3): 283-296.

Mendelson, E. B. 1992. “Evaluation of the postoperative breast”. Radiol Clin North
Am, 30(1): 107-38.

Rosenbaum, P. R., Rubin, D. B. 1983. “The central role of the propensity score in

observational studies for causal effects”. Biometrika, 70(1): 41-55.

Rosenbaum, P. R., Rubin, D. B. 1985. “The bias due to incomplete matching”.
Biometrics, 41(1): 103-116.

Schafer, J. L., Kang, J. 2008. “Average causal effects from nonrandomized studies:

a practical guide and simulated example”. Psychological methods, 13(4): 279-313.

_35_



ABSTRACT

Bootstrap estimation of standard error of treatment

effect with double propensity score adjustment

Lim, So Jung
Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

Propensity score matching is often used to minimize the confounding that occurs
in observational studies to estimate the treatment effect. When no suitable control
subject is available, some treated subjects are excluded from the matched sample,
which leads to biased effect estimation. Rosenbaum and Rubin (1985) introduced
the term ‘bias due to incomplete matching’ to describe this. Double propensity
score adjustment (Austin 2014) is an analytic solution to address bias due to
incomplete matching. When using double propensity score adjustment, however,
theoretical estimation of the standard error has not been proposed; hence, it is
difficult to estimate the standard error of the estimated treatment effect.

Therefore, we propose two bootstrap methods (Austin and Small 2014) to
estimate the standard error. The first method is the simple bootstrap, which
involves drawing bootstrap samples from matched pairs in the matched sample.
The second method is the complex bootstrap, which involves drawing bootstrap
samples from the original sample and estimating the propensity score separately in
each bootstrap sample.

Through simulation, we examined the performances of two bootstraps when
using double propensity score adjustment with a series of Monte Carlo
simulations. Covariates were generated by considering the correlations of

covariates and whether the variable affects the treatment selection and/or the
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outcome. The proportions of subjects who were treated were 0.05 and O0.1.
Additionally, we examined the results modifying the propensity score models.
Considering continuous and binary outcomes, we simulated 1000 datasets, each
consisting of 3000 subjects. In addition, we applied two bootstrap methods to
breast cancer patients with US data and compared the results of the simple
bootstrap with that of the complex bootstrap.

The simulation results of this study showed that in the various scenarios, the
complex bootstrap resulted in estimates of the standard error that were closer to
the empirical standard error of the sampling distribution of estimated effects. On
the contrary, the estimates of the standard error using the simple bootstrap were
underestimated. In the actual data analysis, the estimate of the standard error
using the simple bootstrap was smaller than that using the complex bootstrap.
The empirical coverage rates using the complex bootstrap tended to be closer to
the advertised rate of 0.95. Additionally, the simple bootstrap tended to result in
lower empirical coverage rates compared with the complex bootstrap.

In conclusion, the complex bootstrap can be an alternative for accurate variance

estimation when using double propensity score adjustment.

Key words : propensity score matching, standard error, double propensity score

adjustment, bootstrap, Monte Carlo simulations
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