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Covariate selection criteria for controlling confounding

bias in a causal study
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Abstract

It is important to control confounding bias when estimating the causal effect of treatment in an observational
study. We illustrated that the covariate selection in the causal inference is different from the variable
selection in the ANCOVA model. We then investigated the three criteria of covariate selection for controlling
confounding bias, which can be used when we have inadequate information to draw a complete causal graph.
VanderWeele and Shpitser (2011) proposed one of them and claimed it was better than the other two. We
show by example that their criterion also has limitations and some disadvantages. There is no clear winner;
however, their criterion is better (if some correction is made on its condition) than the other two because it
can remove the confounding bias.

Keywords: causal graph, back-door criterion, strongly ignorable, confounding
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AlEstn 4 3718 bl W48E weasEka sk o] T ws ol9o] 5
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32 Qlrh. AA| Ao A= o] 7FA o] HEAAA 4= Qlo] B} AgA o7 ALE 4 Q= 7|F

0, fo

Za3it). F 71 B85+ A" 7]E0] 99)+=dl VanderWeele3} Shpitser (2011)7} 7]&2] tl&3
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2. 213} JelZ (causal graph)2} S127J|&(back-door criterion)
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47k 9low o Azeld WA B AU AHEE 19 o] Bolzith (Bok FENFE
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Table 3.1. Results of 500 simulations of fitting two models to data generated by the model of Figure 3.1 with a
collider

Fitted model Mean and std. error of 81 Mean and std. error of 32
1.783 24.084
E(Y | A,C) = Bo+ 1A+ B2C (0.005) (0.049)
2.008
EY |A)=po+pA (0.006)
The true value of 37 is 2.
B2y 23EA o2 F 2F
E(Y|A,C) = Bo+ p1A+ B2C, (3.1)
E(Y[A) = Bo + p1A (3.2)

& AYAA Ane Aasthch 2% TR NAE wRE 44 8] 98 mRass
200002 27 sger BwA AFE His] fs) ARL 5009 wEsr. ALI)EA
o o3t FWY O A EHE AN £33 A8K ZAFAY A Bojof & Mselth o] F
(Table 3.1) 2] &7}e] 247k 500702 BFo] 1.783, &
2237 0.0052A4 23k 20] the WY 2A7e WA DL & 5 ok 2T BAL €9 AF 34
I, o FEAEANA OB WAAH S EE 2riehE

2 5007112] o] 24.084, =2 271 0.04990H =
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Stk g LR el 49T 2
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7} S 3, webA Yole] 2 BEAds
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Uu -------- > A > Y

Figure 5.1. Causal graph showing that the disjunctive cause criterion may not be appropriate. The covariate C
is assumed to be measured after the treatment is assigned. The variable U is unobserved.
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Table 5.1. Results of 500 simulations of fitting two models to data generated by model (5.1) of Figure 5.1 with a
back-door path

Fitted model Mean and standard error of 81
Model by disjunctive cause criterion 7.848
E(Y|A) = 5o+ 1A (0.007)
Model which correctly blocks the back-door path 3.000
E(Y|A,C) = Bo + 1A+ C (0.002)

The true value of g1 is 3.

AN AEYALE At P2 F VanderWeeled} Shpitser (2011)f] 1+ 23S W 3A T

U~ N(0,1),
C=1+2U+e, e ~N(0,05%),
-1
A= ((1 + e_QU) > 62) , €z~ U(O, 1), (51)
Y =3+3A+2C+e3, e~ N(0,1).

2327 BRAe] e E017] AAdl 2,00002 sigich. ARAYE BYPS Rae Al Ae
gq~ F43t7] 913 al A71EE A8te] ke Aty FHF C5 A9 oA "k o
gA AEde A9 98 2337 98 myge

E(Y|A) = Bo+ B1A (5.2)
7t Ak SRR IR AR E Ao A AR nAFFATFS 9& F Jdeng SuE By

E(Y|A,C) = Bo + 1A+ B0 (5.3)

oltt. B¥ (5.2)¢ (5.3)F B3 (5.1)°l o5 AAH A5l 27 AFAIA
= 5000 wHEsix Asigith AElazte] AA 27]= 3oith. Rl 7|Eel 93 By
Y= 8 By (5.3)8 485l 2O ALAT 59 FARS] BRE 247 78487 3.0000]93, HE
L2}z 2+ 0.007, 0. oo2°ﬂu} (Table 5.1). wWehA Figure 5.19] 3} Zefzolx R 7&=e 30]3}
A 23S 7.852 AFEHA FASH Trhe A S AT = At Figure 513 22 #2447
Z9] $7l= ‘A g] A (pretreatment)’ FHFolgh= RE|AF7|EY AAZAE A W45 XEo] of
(nondescendant)’ FHZF(EE A g W TS 1A ok=(unaffected by)” W) CE vl
o A= A AA| 2] W o o] thek ddho] 257 T oA & Ut
BEA72Y IAE LEFE = UE oS SojHAl Figure 5.2004 FHFEF C1& A9 dolojm
2 FEA7E Ae o Co9F A 2o & H4E AgET (B FEddrIeS
HgohH Cott Agd). Ci1& AR¥HsE ST Wl dFS vA= A

P
=2 o

o

o

o

32

— o
E

)

B

N rlr

p
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ft

it

o
n
u i

4> (instrumental variable)’8}al H27]% st} C12 SAEAHE o JA gormz 2ASE He 7}
= oy A3ty A S JHA A= ok=r) SRR vk Al EA8E HaeE 243}
3t AR FAFY RELAE A ke ATe] v EEA Jdxdl, olF RYATE

Fstuzt gk A 44 2L et 2k

Cy1,Ca ~ N(0,1),
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C]_ C2

A Y

Figure 5.2. Causal graph showing the common cause criterion may be better than the disjunctive cause criterion.

Table 5.2. Results of 500 simulations of fitting two models to data generated by model (5.4) of Figure 5.2 with
an instrumental variable

Fitted model Mean and std. err. of 84 Mean and std. err. of SE(84)
2.012 0.397
Model by disjunctive cause criterion
(0.017) (0.001)
2.015 0.291
Model by common cause criterion
(0.013) (0.001)

Both models provide unbiased estimates, but the standard errors are different.

—1
((1 + 67(301+C2>) > 61) , e ~U(0,1), (5.4)

A+2C2+62, €2NN(0,22).
E(Y|A,C1,C2) = Bo + BaA + Bc,C1 + Bc, C2

E(Y|Aa 02) = ﬁ() + ﬂAA + 50202

AR A=el 247t AYAAT o] AR BAL AL FHe] BELAe] 27| Wil

RIS 20002 FAh 22T 5000 WMEAGA U FATe] BELAE 7Y
1€ ¥l23) S0 500} L2 B2k 3 B RLLAE Fojol Table

7zl ofa) AuE BHed TR C1e 2 ARG A2l A 24P

y

o

dl

(0.397/0.291 = 1. 36) ARAN TE5dA7IEe A8IS vEiot F49]

J

e

TolA] ol ARE A AT Thet ARFEL Sok T W FHLS AA ] vlBFFHFL
o 9 Fastth wWebd ol FARES 2AsN o} FEAT FFE FUIMAS T 5
WA o] TR BAL HARYe] WrAde] FA9 h2rke AL o o}
£ Abolo] QBEAE BT vt & grku REA 2R e o8 mE
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=% Y48 QNN A, o) IAN TAT A 1 71T B Aol AABAS 2 Sorst
A et pgs Aes, 293 ST sl AnEAY A g Ao 482 5
Ut 4§ Azolth o] AgH 7FE rzmm A48 A 7T BE AAstel BEATY ANFE
2 93] FUFS Ao} st BAl) AT ATAN A £2L F1A SHlck

2
VanderWeele} Shpitser (2011)+= *2]A71&3 54 7|E0] HIH FAFS A7 3= o5 B
wA Feld7IEel e F 7IEEd H U2 7 .
o] BEHW thE F Ve 2l vEAFFAAHS de 7 I Toke HelA FHe
o] AAzAL ofF A 20w, H | SIS Adske ol 223 WTt
whA ek ohE VlEsdt RV R S ¥& Figure 5.13} Table 5.12 KT},
w3 FEAN7ET P w] FAHY Hilo]l § AR & YL E Figure 529} Table 5.28 H Y
oh. 3 ARA7IE2 MeE Abele AFtaAl] tid 7ol B glrks HollA AHES THAER Al
1% Sl 2D S7R ik AW B FULE FAN LE SRALE AU 5 gl o7
Athe DAzl WSHAL, ‘A2 A FHFolete 242

o “FFZ WA b= Z"?"i_ olghs 2o E ATt FEAVEE T F 71EH %F/l H] A
e Aedthks HollA £ 9 U2 7€)zt & &+ o

_Il)lv
)
™
™=
'
4
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ofN
2

AR Beis) Aze REA2E AU 49 LLL BAFT| 2T wdae A A
B, Ut 4 gugkEol 8557 dod of g A4S SRS Akl FHuY
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