
Addressing confounding in 
studies of vaccine effectiveness

Joseph Lewnard, PhD

Division of Epidemiology, School of Public Health

University of California, Berkeley

WHO Global Consultation for Vaccine Effectiveness Studies

14 September, 2023



Confounding

• Confounding in epidemiology refers 
to a situation in which the exposure 
and outcome share a common cause 
(“X” in the diagram below)

• This phenomenon can lead to the 
appearance of an association 
between the exposure and the 
outcome, even when the exposure 
has no causal effect on the outcome

• Our objective is to estimate the effect 
of the exposure on the outcome, 
controlling for any association driven 
by the confounding variable



What are some confounders we might want 
to consider?
Confounder Possible effect on exposure Effect on outcome

Older age More likely to receive vaccine Possibly higher risk of severe 
disease

Comorbid conditions More likely to receive vaccine Possibly risk of severe disease

High healthcare seeking behavior More likely to receive vaccine Possibly better health status (less 
likely to experience disease), or 
greater likelihood of diagnosis if 
infected

Living in a community with low 
healthcare access

Less likely to receive vaccine Possibly higher risk of infection, but 
possibly lower likelihood of 
diagnosis if infected

Limited language proficiency Less likely to receive vaccine Possibly higher risk of infection, but 
possibly lower likelihood of 
diagnosis if infected



Example—higher PCV13 uptake among age 
groups at greater risk of pneumonia

Older individuals have higher likelihood of disease and higher likelihood of being vaccinated with PCV13

Failure to adjust for age would cause vaccination to appear to increase individuals’ risk of pneumonia

Data from Lewnard et al., Clin Infect Dis 2022



Counterexample: the “healthy vaccinnee” effect

Data from Andrejko et al., Clin Infect Dis 2021

Vaccination may be associated with 
taking other precautions

Failure to adjust for this would make 
vaccination appear more protective 
than it truly is



Vaccination and healthcare-seeking behavior

• Receiving a diagnosis for the 
disease of interest may be 
dependent on individuals engaging 
with healthcare (seeking testing or 
care)

• The likelihood of seeking care, 
especially for nonsevere disease, 
may be associated with the 
likelihood of seeking vaccination

• Information on the reason 
individuals receive a diagnosis is 
rarely available and should be 
collected in observational studies

In many study designs, we want to infer
the relationship between Vaccination and Disease,
but instead observe the outcome of “Diagnosis”. Factors
influencing both vaccination and the likelihood of
diagnosis need to be accounted for. 



Example

Data from Andrejko et al., CID 2021

Even after subsetting by cases/control status, vaccinated individuals 
were more likely to have sought (surveillance/screening) testing for 
SARS-CoV-2 than unvaccinated individuals, and were less likely to 
have sought testing due to symptoms



Potential strategies for adjustment

• Are confounders observed?
• (In a case-control study) match cases and controls on several factors

• Challenges: efficiency
• Compute stratified (matched) odds ratio to measure effect

• Control for covariates via regression

• Are confounders unobserved?
• Define negative control outcome (not affected by vaccination, but similar 

confounding pathways apply)
• Define negative control exposure (will not affect the outcome, but possibly 

associated with vaccination through similar pathways to the source of 
confounding)



Successful example: negative control outcomes

Data from Lewnard et al., Nature 2020

Estimated effects of rotavirus vaccine
against acute diarrhea (purple) and
acute respiratory tract infection (blue)

Lack of effect on ARI despite similar
confounding pathways suggests the
relationship observed between
vaccination and diarrhea outcomes may
be causal 



Concerning example

Data from Andrejko et al., Vaccine 2022

SARS-CoV-2 infection should not be associated with influenza vaccination status

Suggests that strategies used here to adjust for confounding between COVID-19 vaccination and SARS-CoV-2 
infection are inadequate



Key points

• Many factors may be associated with both the likelihood of 
vaccination and the outcome of interest

• These concerns may be especially pronounced when observing the 
outcome is related to individuals’ healthcare seeking behavior

• Relevant confounders may be observed or unobserved

• Negative control outcomes or exposures can provide a good basis to 
test for unobserved confounding and measures its extent



Thank you
jLewnard@berkeley.edu
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