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A 2 o]&F WA
Al A FA AR &2
1. FAd3 =g 993 (Potential Outcomes Framework)

7He1e] A3 (Outcome) ol W3t A X (treatment), == (exposure),
/N4 (intervention) ¢ <1z &yE AHstr] sl FAA
zy oAk Jidel Eesi

AAMEE= T, 2 A 7 AXE g o |
AARgtt. AAWHTE et & o, WA i AAE S wsks
AAMA ARE V(T =1) F= Y1) 22 Yz
AUAY e AHAE WS we #AF AHRE V(T =0)
V()= depdnk 2 A 7 A Ao ztolE 13 E #H(Causal
Effect) 2l Fosttt [10]. stAITE @A oA F+ A7 A9 =+ g9
Hho A zlof uwpel syt #REER JfEE JdiadE BRE e
AR E7bsetth 2 diAl, B B /1Y a3l e FE
7} st

i

2. 37 HX&3 (ATE ; Average Treatment Effect)

olF WHF RE AMEC] AXE WSS W FAA Adset Be
AtEol AAE BA s W A A B AolE gwHgitt
B A avde Py 58 FF9 HF A ay = T AUtk
NP B GoA nge ZES FE3UThd, S& xio e
nge H3olu, BP¥G @Y= i=1,..,N olg st EAG F7
2 &I¥H(PATE; Population ATE)E EHw Ne| oidt #A4}9



3. A4 7}53%

Apare =

E[Y;(1)] - E[Y;(0)]
N

= %{im) DRA0N
i=1 i=1

X &9 (SATE; Sample ATE)E t&3 o] n7je
¥ tist FAAde] H4 o]z veRd 4= Qi)

Asparg = E [Yi(

DISs=1]- E[Y;(0)|S =1]

= O W - v}

€S €S

7} (Identifiability Assumptions)

23 By ddadE FAs7] Qs thed 2ol Al A
7MY & WEslok st
(1)  9x4 (Consistency) : MAS 7+ 7Ho] Qi, HH FF0]
dAHEYE W A Ae sdsiA AFEdEd. S e
AyHS Y = [(T=1)YA)+I(T =0)Y(0) °lt}. ol FE3lo
w2} SUTVA (Stable Unit Treatment Value
Assumptions) 2t % E-ATH[11].
(2) x=AY¥ wsr7tsA  (Conditional exchangeability) =] %) 2}
A AdAres BT FARSE W 5H5IS 7?**6“:}
X7F nteed o o= {Y(1).Y(0)} LT |XE YeRd + St

) &4

ot

(Positivity) :

g we 3HEol
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1. A&A4 (Propensity Score)

‘o e B

Rosenbaum & Rubing ¢kA] 1.1&-oA ATt AH7}53 A 71A
7 stellA maEwae X dglale AdES eX) 7P FoiAHEE
WA AAL v 2ol fAEUE AS Bl

il

(Y(1),Y(0)} LT |e(X) , XL T]|eX)
de FHe BAW AFYLE AL AAED AA @Yol
PGS ouigeh olgd WL olgdto] ofds o]
BAATe N AHEAE FHY vt
E(E[Y|T=1e()]} = E(E[Y()|e()]} = E{(Y(D)},
E(E[Y|T =0,e()]1} = E(E[Y(0)|e(N)]} = E{Y(0)}
PR TAAY WARS xS 1HLOR 29T F Y Bl

p =
At} ol 7}s (weighting), wi& (matching), <3} (stratification) &
theFst WA o R Qg FEo AFE-E .



2. 98% 715* WY (Inverse Probability Weighting)

qotE Tk WS AZHTe] 95E AR
AX T2 SATS] T XY e dsiA 43S w5
AATFols e(X)=P(T=1X) o 9AFE5 FALd=E 1
VA2 Fol sl A EF ¢ (pseudo—population) & YERHTH[13
TY; |1 _ TiYi(D)] ) 5 ABpE
14l EB[J55|= B[R] v zaw w@ s 7
E[eT(i;f)]=E[1/i(1)] o] Jug Fg AXNE}E g o] verd
AT}
TiY; 1-T)Y
s e[ 25422
ATE e(X;) 1—-e(Xp)
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2. 249 4+

kAl AAISE 47FA] AlvkEl e ShelA] EoAEE 71,0004
T ATE] st F4 A d35 T7F Soll F=
® 20 etk Meand 1000 <] wbEe] tjgh FA4XE2] B,
SE(Standard Error)& 10009 &) R st YA =9 2229
Hytolth, SD(Standard deviation) SE9 Fgto =z 10009 <]

BoAde ost A= ohs3 Zrh SW_000H 2 SW_10%H 9
FA2AES Heol oF 0.190°]3, SW_01WH¥ SW_11%H <
FARNE HPEL ok 0.1700%  FHty FAFETE SW_00H
SW_10"He dAgrao® SEgke] SDitHUTE A== SEgko] I}
FAE AYS & F 9ok AT SW_10WH> SERte] SDatRth
2ot obd ool vlE) §7F ARl wet wiE/d (SEdtd SD#b) o]
AT SW_11'H 8o #AIglel SEgke] SD#t# 79 nixdhs
R},

a9 29 = A9 BE M7 B Bias) I Fat Al A (MSE;
Mean Squared Error)E 7+ Ayl v w2l vlwst Aojth, +
H7HAE BF 0014 0.1 He el EAjstar, ol= gto] &&7s £
dss Ktk SW_000H3 SW_01WHe #AFo] o Z2d &
Holal, SW_01HHE HFo] AL 0° 7MgA §7F AAFH =27
N FAHE AS & 5 vk SWoI11WH 2 s #Agle] diAl=
Ocl 7Fg4th. MSE+= 87F 0w, 47FA] ®H E5F A9 Aol7h A
§ 7} AASFE SW_10¥ e MSEZF 718t a8=® Cx 95%
AF 7 885 (CP; Coverage Probability of 95% Confidence
Interval) @ 03} 1 Alo]9] k& 7HA a1, &&&o] 0.959] 7Mhea=
Jo] Erh SW_00MHY SW_10WHE 95% A3+ *x358HE0]

0.95° A2 ¥ mAE= AsS Bk SW_01MH SW_11%H9 95%

A F7Ee] E3EEo] 0.959 7MY § 7F WEEe] wel 4714
el 95% AlEF Tkl Holg wA EXCoE Uetd e ¥EF

A A-1~ 29 A-5) el A8
BoAglel AdE FEeto Brketd, 7 @A BF £
H ek SW_119 A7} ZEe] d8d g5o] AH|o o&
A o] Bias, MSE, Coverage probability ¥
A(robust) sttt & 4 Itk vbeF o] A== Q%}O_l’ ] o}
14 A =—T
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¥ 2. ATE 73X st 243 A3

SW_00 SW_10 SW_01 SW_11
é Mean SD SE Mean SD SE Mean SD SE Mean SD SE
-1 ] 0.199 0.031 0.035 | 0.198 0.031 0.036 | 0.176 0.030 0.028 | 0.171 0.035 0.034
=51 0.199 0.025 0.029 | 0.198 0.025 0.030 | 0.175 0.029 0.027 | 0.172 0.031 0.030
0 | 0.196 0.020 0.025 | 0.196 0.020 0.025 | 0.169 0.033 0.030 | 0.170 0.029 0.028
b5 | 0193 0.017 0.022 | 0.196 0.016 0.021 | 0.162 0.044 0.036 | 0.169 0.029 0.028
1 0.192 0.016 0.020 | 0.197 0.015 0.019 | 0.161 0.058 0.044 | 0.173 0.028 0.027
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A PATE : Bias B PATE : MSE C PATE : Coverage of the 95% CI
0.025+ W 0.004 4 GD.?S- E\%’x—:;<<
z
%o.ooo- :l\ai" § %oso
-0.0254 S’ 0.254
10 05 Dilnta 05 10 10 05 Dilnta 05 10 10 05 Dtélt;a 05 10
Scenario <+ SW_00 - SW_10 -= SW_01 - Sw_11
79 2 ROUY A% N A3 I4T AL Bass F4@ Aol ALY TAE BE MSES F48 ot £
Qe C 95% AT EgEES ek Zlojth, 7 Tex0) xFE Auns s7h ANWE 7o) L W JEE
=14 1AFo] 2 571 %}oi vetd Zojny. yE=& 24 Aug el A H7HHE @ dvsth AWA Avee
SW_00> IPW o] 7 wAlolA BF Zd 7FeXE ARSSA @& Zolth FHA Augle SW_10S 1Al ARk
EE M AE AR 740]1:}. A=A "]‘/}ﬂi SW_01& 2eAleMRE &2 7teAE ARESE Zola, vvAl Avge
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X 4. BE AFAHS

2d9] 9 =H

Confounder OR (95% ClI, p-value)
Age 1.06 (1.03-1.09, p<0.001)
Income Low -
middle- 0.79 (0.47-1.31, p=0.356)
high ’
middle- 0.86 (0.50-1.47, p=0.588)
low
High 0.59 (0.35-0.98, p=0.043)
Smok never -
ex-smoker 0.62 (0.27-1.70, p=0.314)
current 0.59 (0.29-1.35, p=0.184)
Alchol Never -
underl 1.20 (0.81-1.78, p=0.370)
underb 1.53 (1.00-2.39, p=0.055)
overs 1.49 (0.74-3.27, p=0.290)
BMI Normal -
Under 0.42 (0.17-1.20, p=0.076)
Obese 1.11 (0.78-1.59, p=0.566)
Daily_act Light -
moderate 1.07 (0.77-1.49, p=0.670)
intense 4.57 (1.86-14.02, p=0.003)
Diabetes yes 1.09 (0.76-1.58, p=0.645)
Hypertension yes 1.02 (0.72-1.45, p=0.902)
Dyslipid yes 0.88 (0.56-1.42, p=0.581)
Total_child none -
12 144.20 (53.16-509.13, p<0.001)
34 399.48 (144.56-1423.96, p<0.001)
overs 1154.28 (308.59-5728.94, p<0.001)
Abortion None -
12 1.05 (0.71-1.53, p=0.818)
over3 1.12 (0.69-1.82, p=0.647)
Menopausal yes 0.99 (0.58-1.64, p=0.972)
Hormone None -
Under6 1.89 (0.87-4.89, p=0.141)
Under12 2.57 (0.49-37.46, p=0.373)
Overl2 1.41 (0.84-2.52, p=0.218)




® 5 EAW 4% 2d9 o=y
Confounder OR (95% ClI, p-value)
Age 1.07 (1.03-1.11, p<0.001)
Income Low -
middle-high 0.93 (0.54-1.59, p=0.779)
middle-low 0.80 (0.47-1.37, p=0.418)
High 0.57 (0.35-0.93, p=0.025)
Smok never -
ex-smoker 0.71 (0.30-1.68, p=0.438)
current 0.92 (0.40-2.16, p=0.855)
Alchol Never -
underl 1.25 (0.81-1.92, p=0.310)
under5 1.45 (0.90-2.34, p=0.130)
overs 1.29 (0.59-2.83, p=0.518)
BMI Normal -
Under 0.49 (0.20-1.23, p=0.129)
Obese 1.19 (0.81-1.74, p=0.376)
Daily_act Light -
moderate 1.13 (0.78-1.63, p=0.528)
intense 3.54 (1.20-10.51, p=0.023)
Diabetes yes 1.20 (0.79-1.83, p=0.384)
Hypertension yes 0.94 (0.63-1.39, p=0.743)
Dyslipid yes 0.75 (0.42-1.33, p=0.320)
Total_child none -
12 131.57 (41.46-417.52, p<0.001)
34 314.68 (100.08-989.42, p<0.001)
overb 1241.05 (279.07-5518.97, p<0.001)
Abortion None -
12 1.18 (0.77-1.82, p=0.440)
over3 1.07 (0.67-1.71, p=0.792)
Menopausal yes 0.89 (0.50-1.57, p=0.680)
Hormone None -
Under6 1.75 (0.70-4.38, p=0.233)
Under12 3.30 (0.73-14.84, p=0.119)
Over12 1.59 (0.90-2.81, p=0.113)
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Abstract

Inverse Probability Weighting
Methods for Estimating
Causal Effects using
Complex Survey Design Data

Nayoung Ha
Department of Biostatistics
The Graduate School of Public Health

Seoul National University

In the field of public health, large —scale surveys based on complex
survey designs are widely conducted to be used as fundamental data
to formulate health policies. This study aims to investigate how
sample weights might be incorporated into Inverse Probability
Weighting (IPW) methods using data from complex survey design.
IPW method consists of two stages. The first stage involves to
estimate the propensity score (Stage 1) and the second stage uses
the propensity score to estimate the causal effect on the population
(Stage 2). We attempt to identify the differences between the various
approaches of precious studies in the first stage. We also try to
propose considerations and recommendations when analyzing data
from Korean National Health and Nutrition Examination Survey
(KNHANES). There are four possible scenarios depending on
whether sample weights are considered at each stage. To compare

the Population Average Treatment Effect (PATE) estimates under

37



such scenarios, simulation studies and data analysis using KNHANES
data were conducted. According to the simulation studies under the
scenarios, sample weights included in Stage 2 performed well
regardless of whether they were considered in Stage 1. Furthermore,
it is robust to consider sample weights in both Stages 1 and 2
regardless of how much the probability of selection for the sample
depends on the treatment. Treatment and sample selection are not

necessarily independent since non—response corrections are

considered when generating sample weights from the KNHANES data.

As a result, it is recommended to use a method that incorporates the
sample weights in both stages. If the treatment and selection are
independent, results are similar whether or not the sample weights
are considered in Stage 1. For that reason, it is suggested to conduct

a sensitivity analysis.

Keywords : Complex Survey Data, Inverse Probability Weighting
Methods, Population Average Treatment Effect (PATE),
KNHANES

Student Number : 2021—-27619
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