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Case-referent (a.k.a. case-control) studies are commonly used sampling designs in epi-
demiology. The reasonable motivation for these designs is to over sample persons with a
rare disease (i.e., cases) and compare them to persons without the disease (i.e., referents or
controls) because the disease is so rare that very few diseased people would be observed in a
study that followed a cohort of patients over time (i.e., a prospective study). Comparisons
of cases to referents lead to exposures that are associated with the disease, but not neces-
sarily causes. Results from case-referent designs often lead to press clippings on the “link”
between exposure Z and awful disease Y . The original publications are often careful about
not implying a causal relationship, but, in my opinion, the implications are often causal,
that is, Z causes Y .

In terms of causal inference, case-referent studies have two disadvantages. First, they are
observational, so the exposure Z cannot be randomly assigned to subjects as is the case in
a controlled experiment. Second, the data are retrospectively sampled because the disease
is so uncommon. The first challenge has been relatively well understood by conceptually
embedding a prospective study into a hypothetical randomized experiment. This project
follows a similar line of reasoning in thinking about a case-referent study as being embedded
within a prospective study, which in turn is embedded in a randomized experiment.

We will assess the causal implication of case-referent studies. We will first develop an
understand of causal effects using the potential outcomes framework, which in the case of a
binary exposure envisions the outcomes under both versions of the exposure. We will then
examine the repeated case-referent sampling properties of standard case-referent analyses.
Some questions that we will try to answer include

• Can standard case-referent analyses illuminate causal effects?

• Can we theoretically describe potential biases?

• Can we empirically quantify biases?

Theoretical derivations will follow standard, simple models for binary and continuous data
(i.e., logistic or probit regression and linear regression, respectively). Empirical studies will
use a seminal dataset in labor economics. The dataset includes both an experimental cohort
and observational cohort, thus the correct causal effect is “known” up to experimental error.

Pre-requisites:
MATH 265: Probability
MATH 275: Introduction to Statistical Inference
Willingness to learn (more) R

Useful but not requisite:
Experience coding with R

MATH 245: Applied Regression Analysis
MATH 315: Topics in Probability and Statistics: Introduction to Sampling Techniques


