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This lecture

1. Articulating causal questions

2. Exercise: the importance of articulating a causal question

Two analyses both suitable to estimate a causal effect,
yet answering a different causal question

3. Examples of causal questions in a longitudinal setting
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Causal questions

What would happen to outcome Y
had exposure A been different from
what was observed?
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Articulating causal questions

• Algorithms with causal aim are intended to inform future decisions

• It is therefore of utmost importance that their outputs are interpreted 
correctly

• Formulating the causal question addressed in an analysis is quite the 
challenge à let’s practice!
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What is the causal question that is answered by a quantitative analysis?



Example on influenza vaccination

• People can receive an invitation for vaccination against influenza through 
general practitioner in the Netherlands (Oct – Nov)

• Want to know whether the influenza vaccine is effective in reducing 
mortality risk in people who receive this invitation

• Observational data are available on people invited for vaccination 
(general practitioner records: vaccination status, mortality, and relevant 
covariates)
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Articulating causal questions

Typical formulation of a causal analysis question would be:

What is the effect of influenza vaccination compared to no vaccination on 
3-month mortality risk in adults invited for vaccination?
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Do it yourself!
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Do it yourself! Exercise 1

Write down the causal questions underlying the two analyses in the 
practical (around 20 minutes).

• No need to understand all steps of the analysis

• Look at similarities and differences between the two and write down 
some thoughts how this might affect interpretation of findings

https://github.com/KLuijken/SIKS_2023
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Exercise 1 – Discussion 

What is the difference between analysis 1 and 2?

Which causal questions are underlying?
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Exercise 1 – Discussion 

• Analysis 1: average treatment effect 

• Analysis 2: average treatment effect on the treated
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Exercise 1 – Discussion 

Typical formulation of a causal analysis question would be:

What is the effect of influenza vaccination on 3-month mortality risk in 
adults ≥60 years of age compared to not being vaccinated?

However, this would allow for either analysis, while the interpretation 
differs!
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Exercise 1 – Discussion 
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Causal question Estimate 

Average 
treatment 
effect 
(ATE)

Pr 𝑌!"# = 1
− Pr 𝑌!"$ = 1

What would be the difference in 
average 3-month mortality risk if all 
adults who were invited to receive the 
influenza vaccination had taken it, 
compared to if they had not taken it?

-0.34 (95% CI, -0.36 to -0.33)

Average 
treatment 
effect on 
the 
treated 
(ATT)

Pr 𝑌!"# = 1|𝐴 = 1
− Pr 𝑌!"$ = 1|𝐴 = 1

What would be the difference in 
average 3-month mortality risk if all 
adults who took the influenza 
vaccination had instead not taken it?

-0.50 (95% CI, -0.52 to -0.48)



Exercise 1 – Discussion 
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Causal question Medical decision to be informed by 
causal question

Average 
treatment 
effect 
(ATE)

Pr 𝑌!"# = 1
− Pr 𝑌!"$ = 1

What would be the difference in 
average 3-month mortality risk if all 
adults who were invited to receive the 
influenza vaccination had taken it, 
compared to if they had not taken it?

Implementing a population-based 
influenza vaccination policy, where 
this study provides information on 
potential maximal mortality 
reduction in the population due to 
the vaccine

Average 
treatment 
effect on 
the 
treated 
(ATT)

Pr 𝑌!"# = 1|𝐴 = 1
− Pr 𝑌!"$ = 1|𝐴 = 1

What would be the difference in 
average 3-month mortality risk if all 
adults who took the influenza 
vaccination had instead not taken it?

Discontinuing an already 
implemented influenza vaccination 
policy because of insufficient 
effectiveness



Exercise 1 – Lesson learned

In this exercise, we did some reverse engineering!
We determined the causal question based on the performed analysis.

The backwards process of the statistical analysis implicitly 
defining an otherwise unspecified causal research question 
is not acceptable

(paraphrased from Ratitch, 2020 TIRS)
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Exercise 1 – Lesson learned

Formulating a clear causal question:

• Prevents misinterpretation of results

• Informs the choice of data collection and quantitative analysis
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Elements of a causal question

Population Who and at what time

Contrasted What, when, and how
treatments

Endpoint What, when, and how

Population-level
summary measure
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Elements of a causal question

Population All individuals registered at a general practice invited for
vaccination through a National Influenza Prevention 
Program in the period October and November

Contrasted Taking an intramuscular influenza vaccination versus not 
treatments taking an influenza vaccination

Endpoint 3-Months risk of all-cause mortality

Population-level Marginal risk difference
summary measure

23



Another causal question
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Causal question Medical decision to be informed by causal 
question

Average treatment 
effect (ATE)

What would be the difference in average 3-
month mortality risk if all adults who were 
invited to receive the influenza vaccination 
had taken it, compared to if they had not 
taken it?

Implementing a population-based influenza 
vaccination policy, where this study 
provides information on potential maximal 
mortality reduction in the population due 
to the vaccine

Average treatment 
effect on the treated 
(ATT)

What would be the difference in average 3-
month mortality risk if all adults who took the 
influenza vaccination had instead not taken it?

Discontinuing an already implemented 
influenza vaccination policy because of 
insufficient effectiveness

Average treatment 
effect on the 
untreated (ATU)

What would be the difference in average
3-month mortality risk if all who did not take 
the influenza vaccination had instead taken it?

Stimulating uptake of an implemented 
vaccination policy among individuals who 
do not take up the invitation for vaccination
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Exercise 1 – Summary

Formulating a clear causal question:

• Prevents misinterpretation of results

• Informs the choice of data collection and quantitative analysis
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Break
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Know how to interpret a causal analysis

• Each quantitative analysis has a specific result

• Understanding what the purpose of the analysis implies in words

• Alignment between results and subsequent acts
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Longitudinal questions

• Exercise focused on point exposure to treatment and differences in 
target population

• What about sustained exposure to treatment?
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Longitudinal setting
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Elements of a causal question

Population Who and at what time

Contrasted What, when, and how
treatments

Endpoint What, when, and how

Population-level
summary measure
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Exercise

Come up with two causal questions that differ in contrasted treatments 
(around 10 minutes).

Setting:
- Individuals with uncontrolled diabetes
- Diabetes medication A versus B (DPP-4 versus GLP1)
- Outcome of interest is blood sugar (HbA1c level, continuous)
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Examples

1. What would be the difference in average 1-year HbA1c level if all adults 
with uncontrolled diabetes had initiated a DPP-4 inhibitor, compared to 
if they had initiated a GLP1 agonist?

2. What would be the difference in average 1-year HbA1c level if all adults 
with uncontrolled diabetes had initiated and compliantly used a DPP-4 
inhibitor, compared to if they had initiated and compliantly used a GLP1 
agonist?
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Example 1

35

𝐿! 𝐿"𝐿#

𝐴! 𝐴"𝐴#

𝑌$



Example 2
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Examples
1. What would be the difference in average 1-year HbA1c level if all adults 

with uncontrolled diabetes had initiated a DPP-4 inhibitor, compared to 
if they had initiated a GLP1 agonist?

2. What would be the difference in average 1-year HbA1c level if all adults 
with uncontrolled diabetes had initiated and compliantly used a DPP-4 
inhibitor, compared to if they had initiated and compliantly used a GLP1 
agonist?
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Examples
1. What would be the difference in average 1-year HbA1c level if all adults 

with uncontrolled diabetes had initiated a DPP-4 inhibitor, compared to 
if they had initiated a GLP1 agonist?
Advising on treatment initiation in the population of adults with
uncontrolled diabetes mellitus type 2 in a population with similar
treatment compliance and add-on treatments to the study sample

2. What would be the difference in average 1-year HbA1c level if all adults 
with uncontrolled diabetes had initiated and compliantly used a DPP-4 
inhibitor, compared to if they had initiated and compliantly used a GLP1 
agonist?
Making a medical decision about sustained treatment with DPP-4 
inhibitor and GLP1 agonist under perfect adherence for the population 
of adults with uncontrolled diabetes mellitus type 2
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Causal questions in longitudinal setting

We focused on causal questions which compare pre-defined exposure 
contrasts 
• These are also referred to as “static exposures”

Alternatively, one could be interested in the effect of exposure based on a 
treatment rule
• These are also referred to as “dynamic exposures”
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Basic principle dynamic exposure

Example:
Up the dose of GLP1 from 7mg to 14mg daily if HbA1c ≥ 54 mmol/mol

This is based on patient history on HbA1c
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Basic principle dynamic exposure
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Basic principle dynamic exposure

• ”Modern” analysis techniques: finding optimal treatment rule

• What causal question would fit here?

42



Estimands

Credits to Peter Tennant & Oisín Ryan
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Estimand Estimator Estimate



Estimands

Credits to Peter Tennant & Oisín Ryan
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Estimand Estimator Estimate
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Overview

Each setting requires formulation of a specific causal question

Formulating a clear causal question:

• Prevents misinterpretation of results

• Informs the choice of data collection and quantitative analysis

50



Questions or further discussion?

k.luijken@umcutrecht.nl
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