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POPULATION

What is selection
bias?

* A bias that is
introduced when
individuals selected into
a study do not reflect
the target population
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Can compromise internal validity

* Internal validity is where a study accurately

A Conseq uence Qf measures the cause-and-effect relationship
) ) between an exposure and an outcome
selection bias
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A selection bias can be a collider bias

Directed Acyclic Graph (DAG)

Distorted
relationship

Exposure [------------; Outcome

Selecting for a collider that induces an association or distorts an association of interest is a selection bias
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A simple collider
bias scenario

Prestigious school
enrollment

Distorted

Academic | r_el_an_nih_lp_ Sporting

ability ability
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Griffith et al. 2020 (Nature Communications)




A more complicated collider bias scenario

Prognosis conditional on hospitalisation

Key

Hypothesised risk factor

\‘\‘ Outcome

Selected into sample

Frailty

Hospitalisation ———» Death

— Causal effect

// ----- Induced association

Directed Acyclic Graphs (DAGs) are useful tools to identify collider and other biases

ACE-inhibitors

Griffith et al. 2020 (Nature Communications)
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Vaccine effectiveness (VE) study highlighting a potential for collider bias related to
testing (Example #1)

Original study estimate 1 —8—
All individuals sent questionnaire | —_— / \
Mon-respondents of the questionnaire 1 ——
“We were unable to assess
Respondents of the gquestionnaire ——
Respondent sample using seli-reported vaccination date - —— Whether COIIlder blas Was present cee
Respondent sample excluding those self-reporting as asymptomatic | A as the aSSOCIatIOI‘l between
HRespondent sample using seli-reported symptom onset date - —l— hea |th-SeekIng behaVIOU '3 nd teStIng
Respondent sample adjusting for additional confounding 4 —— COUId hot be assessed”
Respondent sample excluding those that deferred for | . * !
COVID-19/COVID-19 like symptoms ) | K /
Combined estimate 4 b ]

60 70 BO 90 100
Vaccine effectiveness (%)

Adopted a test-negative design
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Vaccine effectiveness (VE) study highlighting a potential for collider bias related to
testing (Example #2)

Effectiveness of BNT162b2 against symptomatic BA.1 and BA.2 Omicron infections

100.0 - |
90.0 |
80.0 -
60.0 | | {59.9 Negative estimated
£ 500 e.s% ST | effectiveness likely reflects
@ 40.0 - | { 43.7 )
2 an effect of bias
g 30.0 |
T 200
é 10.0 88{ 12.4 | h. h Id . d
& : | [which could arise due to]
0-0 1 ! [ [ [
400 | l { a1 | differences in test-seeking
200 { '"‘B} | behaviour”
|

-30.0 4
-40.0 -
1-3 months after Dose 2  4-6 months after Dose 2  >7 months after Dose 2 <1 month after Dose 3
and no Dose 3 and no Dose 3

and no Dose 3

Adopted a test-negative design
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Bodner et al. (in prep)
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Now using a test-negative
study design to
estimate symptomatic VE

Bodner et al. (in prep)
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ldentifying the potential for selection bias in the test-negative design (TND) is not new
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The test-negative design is commonly used when estimating VE
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Understanding testing selection bias by combining the test-negative design, DAGs,

Test-negative design

=k

and transmission mode

Tested for
SARS-CaV-2

[T

Symptomatic with
Covid-like Symptoms

_________

Today | will use this framework to assess:

S

1. How the presence of a testing collider influences estimates of VE
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~
)

2. Whether other factors influence the effect of this selection bias on VE estimates
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We built an individual-based network model that /
simulates transmission dynamics Covid-19

Infection
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®  Run 100 epidemic
realizations

o o0
(x7)
@
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@
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Input

True Vaccine Efficacy

(i.e. Vaccine’s true
protective effect)

Research Group in Mathematical Modeling
and Program Science

S

-

Target VE (VE)

VE =1 — Odds Ratio|OR](t)

~

o )
Simulated Full
Population
p

4 I
Estimated VE (VE)

VE; = 1 — 0dds Ratiog[ORg](t)

)

. )

Test-Negative Design

Simulated
Sample

/3 3\
Yy

Testing Scenarios

PCR
TES

E Equal Testing
Vac. 50% Higher
Vac. 100% Higher




Target VE the True Vaccine Efficacy at the beginning of an epidemic
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-1.0] True Vaccine Efficacy = 0.1
Bodner et al. (in prep) 25 50 D;is 100 125
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Higher testing for vaccinated causes VE to be increasingly underestimated over time

1.0

L True Vaccine
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A higher true protective effect of the vaccine decreases the degree of bias

0.2

Measured at inflection point
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Final thoughts

* Simulation models can help us to identify under which circumstances biases
could have the greatest impact on VE estimates

* E.g. In our simulations, we found that the amount of bias can change over time and across
the true protective effect of a vaccine

* |tis important to use DAGs when identifying potential selection biases when
estimating VE

* Observational studies can be impacted by various types of selection bias (and
colliders) — not only colliders related to testing

» E.g. Colliders related to prior infection and symptoms
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