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However, the frontdoor adjustment can be used because:

Y: Heart Attack
(i) the effect of A on < can be computed without confounding, and

U: High Cardiovascular Risk

Hence, frontdoor adjustment can be used.

This example is to demonstrate the frontdoor criterion (see notes or page 1.96 for

more details).
(No example labels in text)
Paens Given this DAG, it is impossible to directly use standardization or IP weighting,
: Aspirin
e because the unmeasured variable U is necessary to block the backdoor path
between Aand ¥,
M: Flatelet Aggregation

(ii) the effect of M on ¥ can be computed because A blocks only the backdoor path.
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Y: 3-year death A .
i Same example as 8.3/8.5, except we assume that treatment (especially prior treatment)
-“_'L_‘la Y . has direct effect on symptoms L.
. T C: Censoring from study :
v __r. or Missing Data o o . . o
frure 4 Restricting to uncensored individuals still implies conditioning on a common effect C
U: High of both A and U, introducing an association between treatment and outcome.
W immunosuppresion o A . o .
l . ( eas ) (Note: Unlike in Figure 8.3/8.5, even if we had access to I, stratification is impossible in
A w——[c] L these DAGs, because while conditioning on I blocks the backdoor path from C to Y, it
P 7 also opens the backdoor path A — L +— U — Y because L is a collider on that path.
U= L: Symptoms, CD4 T X i
Fgure B8 ) i IP-weighting, in contrast, could work here. See page 1108 in section 8.5 for a
count, viral load A !
discussion.)
(unmeasured)
W: Lifestyle, personality,
educational variables
(unmeasured)
The goal of this example is to show that while confounding and selection bias are distinct,
A: Physical activity they can often become functionally the same; this is why some call selection bias
“confounding”.
Y: Heart Disease
—— Assume that —unknown to the investigators — A does not cause ¥, Parental SES L
h ‘] C: Becoming a firefighter | affects becoming a firefighter C, and, through childhood diet, heart disease risk V. But
! we assume that I doesn't affect A. Attraction to physical activity U affects being
b . L: Parental physically active A and being a firefighter C, but not ¥
g B.7

socioeconomic status

U: Interest in physical

activites (unmeasured)

Per these assumptions, there is no confounding, bc no common causes of Aand ¥.
However, restricting the study to firefighters (C' = 0), induces a selection bigs that can
be eliminated by adjusting for L. Thus, some economists would call L a “confounder”
because adjusting for it eliminates the bias.



A: Heart Transplant

Y_1: Death at time point
1

The purpose of this example is to show the potential for selection bias in time-specific
hazard ratios.

The example depicts a randomized experiment representing the effect of heart transplant
on risk of death at two time points, for which we assume the true causal DAG is figure
8.8

In figure 8.8, we assume that A only directly affects death at the first time point and
that U decreases risk of death at all times but doesn’t affect treatment.

In this circumstance, the unconditional associated risk ratios are not confounded. In
_ mja=q) _ nl4a=1]

other words, aRR 4y, = A= and aRR 4y, = WA A urbiased and valid for L0
Y_2: Death at time point | causal inference.
2
A - T :\'.- However, trying to compute time-specific hazard ratios is risky. The process is valid at
Pl i U: Protective genetic | time point 1 (aRR 4y, is the same as above), but the hazard ratio at time point 2 is
haplotype (unmeasured) | inherently conditional on having survived at time point 1: aRR s, v, o = %
Since IJ affects survival at time point 1, however, this induces a selection bias that
opens apath A — ¥; + U — Y2 beteween A and ¥5.
If we could condition on U, then aRR 4y,y, g would be valid for causal inference.
But we can’t, so conditioning on ¥, = 0 makes the DAG functionally equivalent to
Figure 8.9. This issue is relevant to observational and randomized experiments over
time.
This example is of an RCT with censoring. We imagine that there was in reality an
equal number of deaths in treatment and control, but there was higher censoring (
C = 1) among patients with heart disease and higher censoring among the wasabi
(Note: Missing arrou: arm. As such, we observe more deaths in the wasabi group than in control. Thus, we
A-Y) see a selection bias due to conditioning on common effect C.
LB cmpﬁm There are no common causes of A and ¥ — expected in a marginally randomized
(randomized) experiment — so there is no need to adjust for confounding per se. However, thereisa
common cause [ of both € and Y, inducing abackdoorpath C + L+ U —+ Y. As
B such, conditioning on non-censored patients €' = 0 means we have a selection bias that | 1105
Figure 8.3 ) turns U functionally into a confounder. I7 is unmeasured, but the backdoor criterion
C: Censoring says that adjusting for L here blocks the backdoor path.
L: Heart Disease

U Atherosclerosis
(unmeasured)

The takeaway here is that censoring or other selection changes the causal question,
and turns the counterfactual outcome into ¥*="*=" _ the outcome of receiving the

treatment and being uncensored. The relevant causal risk ratio, for example, is thus

B[y
v
risk if everyone were untreated and remained uncensored.” In this sense, censoring is

now — “the risk if everyone had been treated and was uncensored” vs “the

another treatment.




In this example, Figure 8.12, surgery A4 and haplotype E are:
(1) marginally independent (i.e. haplotype doesn't affect probability of receiving
surgery), and
) (ii) associated conditionally on ¥ (Le. probability of receiving surgery does vary by
haplotype within at least one stratum of the haplotype).
Y: Death
- ) The purpose of this example is to show that despite this fact, situations exist in which
7 E: Genetic hapltype ) . . o
- : A and E remain conditionally independent within some haplotypes.
E
Figure B.12 —_—
Key idea here is that to recognize that if you split death into different causes (even if
. this isn't recorded), A and E affect different sub-causes in different ways (specifically,
Death subsplit by causes: : .
A removes tumor, and E prevents heart attack). 1.105
Y, (not recorded)
v
. Y A Death . Arrows from Y, Yg, and ¥p to ¥ are deterministic, and ¥ = 0if and only if
[y " : Death from tumor
A E - Yy =Yg = ¥ =0, s0 conditioning on ¥y = 0 implicitly conditions the other ¥s to
/ zero. This also blocks the path between A and E, since it is conditioning on non-
E—=|Y, Y_E: Death from heart i
E colliders ¥, Y&, and ¥p.
Figure 8.13 attack
In contrast, conditioning on ¥ = 1 is compatible with any combination of ¥, ¥, and
Y_A: Death from other . i )
Yo being equal to 1, so the path between A and E is not blocked.
causes
The ability to break the conditional probability of survival down in this way is an
example of a multiplicative survival model.
A: T
Y: L
E: BT | ZOBITIE. 4812, surgery A and haplotype E are:
s //' 47 DD IPITET (FhDE, AT R 2 FETHET 2 REE L),
- @Y G bbe Thabb, FHERY MR TRLL FOPE & SIDOFHTN T AL Tk = TRES.)
E
e COBORINE, 0L KERBDELIBHEF, O kS ERRAEET 52 L ERTIETHE, ABLGER( A0nTBAA THTHRH & THE UL EETH S
U & SFECD
FFRIY 2 G| S TOEEATA FTUE, ECE R AR SHIBA (b & SAMRIE TS TH), ZEBAT 52 LT, Aand Faffect different sub-FiH I & o T % 2 BHWE 5 D
Yo L)
N #50%. Y Yg and Yo toY are deterministic and ¥ = 0ifandonly f ¥4 =Yg =Yo =0, T2 ¥ 71 ¥ 3 =0/ Yo =0 BHEEO S S LAY R ERITT H Z e 2L LTS, 24
A== YA EEICLS
&5 L HEHTHE, ¥ = 10KHHDIE Y0 L3 ESEHEIIEEET 5. of ¥y, Vg, and Vo beingequalto ], T35, ALBOMO AR 7 0y 2 ShEth,
E—|v,
s YE: DRI | 2055 I GOREN SHEE IR B RN, REVE(E S OR TS,
EamEe
Y A: Ok
B k33T
AN
- A: Sur,
X
Ao
El— [ Y, ] Y: Death
Figure 814
E: Genetic hapltype
Same setup as in the examples of Figure 8.12 and 8.13. However, in all of these DAGs,
Yo | A and F affect survival thrugh a commeon mechanism, either directly or indirectly. In
\\ . such cases, A and E are dependent in both strata of ¥
A—s|y, — ﬂ Death subsplit by causes:
LA L1035
Ve (not recorded) . o
. Taken together with the example above, the point is that conditioning on a collider
B always induces an association between its causes, but that this association may or
Figure 815 Y_A: Death from tumor

! N\
Y a—[n =]
3 P

Y
By,

Figure 816

Y_E: Death from heart
attack

Y_A: Death from other

causes

may not be restricted to certain levels of the common effect.
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DAG 1) fili &

(i KAz A=Y)
A: Occupational exposure

Y: Mortality

(fiif % DAGS 8.3/8.5 work just as well, here.)

Figure 8.4

C: Being at Work

HEHESFME 0 7 A
If wee restrict a factory cohort study to those individuals who are actually at work, 199

W U: True health status . N . .

l \ we miss out on the people that are not working due to either:

] — a) disability caused by exposure, or
A el L: Blood tests and physical | ’ DA )
" e i (b) a common cause of not working and not being exposed.
- exam ————
Faure B8

W: Exposed jobs are
eliminated and workers laid
off




(KR A=Y

A: Smoking status

L A—[c] v
I \‘____/ o
e 3 1 -
Figure 8.3 Y Coronany disease (i#: DAGS 8.4/8.6 work just as well, here.)
C: Consent to participate R _
MOERAA FAEIRRT T4 7 - 84 7R 1100
w“\\:\\ﬁ‘ - U: Family history Under any of the above 5@@5, if the m@y is resuicten?l to Peop].e who
L \_Ai/ FJ'/Y volunteer or choose to participate, this can induce a selection bias.
U- ’_FF__ _’: L: Heart disease awareness
W: Lifestyle
(i RN A=Y
(fiif %2 DAGS 8.4/8.6 work just as well, here.)
L PR o A: Smoking status
S~—" WS M P & B0
v _;'m - Y: Coronary heart disease Generalization of self-selection bias. Under any of the above structures, if the
treatment takes place before the study selection or includes a pre-study
C: Consent to participate component, a selection bias can arise. 1100
W .
- & U: Family history Particularly high-risk in studies that look at lifetime exposure to something in
1 A C Y
I\H — — middle-aged volunteers.
v __F:“ L: Heart disease awareness
- Similar issues often arise with confounding if confounders are only measured
during the study.
W: Lifestyle
HENA 7R (597)
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