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Overview
• Third variables
• confounders, effect modifiers, mediators
• Real-world (observational) study designs
• cohort, case-control, cross-sectional, ecological
• Jeopardy!

Third Variables
Confounders, Effect Modifiers, and Mediators

A QUICK intro to Causal Diagrams
• Causal Diagrams
• A visual representation of real-life cause-and-effect
• Components
• Nodes represent variables
• Arrows represent a direct causal effect
• Directed Acyclic Graphs (DAGs)
• No cyclical processes

Hernan and Robins. Nov 10, 2019 ed. pp. 69-70.

Let’s talk about third variables

Exposure: Statin use

Outcome: Myocardial
Infarction (Heart
Attack)

Third Variable #1: Confounder
• Associated with (positive or negative correlation) or causes the
exposure AND outcome
• Confounder’s effect gets “mixed up” in effect of interest (bias)
Outcome: Myocardial
Infarction (Heart
Attack)

Exposure: Statin use
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Crude OR: 0.50
Pooled OR after stratifying
by smoking status: 0.75
OR smoker: 0.70
OR non-smoker: 0.79

Third Variable #2: Effect Modifier
• What if taking another drug WITH statins actually changed its effect?
• Not a confounder – you CANNOT combine groups after stratifying like with
smokers because their effects are TOO DIFFERENT

Exposure: Statin use
Enhances statins’ effect

Outcome: Myocardial
Infarction (Heart
Attack)

Super Drug
B
Effect (OR) of statins vs. no statins in non-drug B users: 0.75
OR of statins vs. no statins in people USING drug B: 0.40
(if combining these 2, get 0.58 à inappropriate average)

Third Variable #3: Mediator

Anything
happen
here?

Exposure: Statin use

Outcome: Myocardial
Infarction (Heart
Attack)

Third Variable #3: Mediator

Exposure: Statin use

Statins affect
LDL/cholesterol
levels

Mediator:
cholesterol

High LDL
affects
(causes) MI

Outcome: Myocardial
Infarction (Heart
Attack)

Third Variable #3: Mediator
• An intermediate variable

• On the causal pathway between the exposure and outcome
• Should NOT adjust for mediators like confounders! Requires
more sophisticated analysis to investigate

Exposure: Statin use

Statins affect
LDL/cholesterol
levels

Mediator:
cholesterol

High LDL
affects
(causes) MI

Outcome: Myocardial
Infarction (Heart
Attack)

Third Variable #3: Mediator
• Exposures can, however, operate outside of the specific mediator pathway

• Studies which don’t account for mediators are presenting total effects (indirect+direct
effects) – that’s OK!
Indirect effect of statins on MI (through cholesterol)

Exposure: Statin use

Mediator:
cholesterol

Direct effect of statins on MI (through direct anti-MI
protection and other/unknown mechanisms)

Outcome: Myocardial
Infarction (Heart
Attack)

Observational study designs

Source: Dr. Dionne Gesnik (Research Methods I)

Cohort Studies

Cohort Studies
• Identify patients based on some common factor
• Geographic area (Framingham Study)
• Occupational (occupational hazards)
• Characteristics, Conditions, or Risk Factors (e.g., Ontario HIV Cohort Study)
• Exposures (drugs)
• Or, convenience or volunteer samples
• Health Professionals Study Cohort, American Cancer Society cohort studies of
Volunteers

Szklo and Nieto. Epidemiology: Beyond the Basics (2nd Ed.). pp. 19-20.

Cohort Studies
• Critical element: “ascertainment of events during follow-up time”
• Can be prospective or retrospective
• Generally require some way to deal with losses to follow-up
• Censoring
• Common models: survival (e.g,. Cox PH models), logistic regression (yes/no
outcome)

Szklo and Nieto. Epidemiology: Beyond the Basics (2nd Ed.). pp. 19-20.

Cohort Study Example

• Base Cohort: patients aged 66+ who initiated an oral glucocorticoid
• Study cohort: at least 2 GC prescriptions and cumulative exposure ≥450 mg
prednisone equivalent within 6-month ascertainment window
• Exposure: first osteoporosis drug exposure in 6-month ascertainment
• Outcome: first hip fracture in 365 days after ascertainment
• Censored if died or experienced the outcome

JBMR 2018; 33(3):419-429.

Cohort Study Example
• Oral bisphosphonates vs. no osteoporosis drug use:

• HR 0.71 (95% CI 0.57 to 0.89)

JBMR 2018; 33(3):419-429.

Cohort Study Example
• Oral bisphosphonates vs. no osteoporosis drug use:

• HR 0.71 (95% CI 0.57 to 0.89)

“Patients who were exposed to bisphosphonates during the
ascertainment window had a 1-year hip fracture rate that was
29% lower than those with no exposure to anti-osteoporosis
therapy during follow-up.”

JBMR 2018; 33(3):419-429.

Case – Control Studies

Compare

Was the exposure present?

Is the outcome present?

E+ Used drug of interest
O+
E- Did not use drug

Cases

E+
|O+
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−
OR =
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E+ Used drug of interest
OE- Did not use drug
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Case selection
• Well thought-out case definition
• Clear and specific without being overly restrictive
• Ideally newly diagnosed (incident cases), but prevalent cases are also
sometimes recruited
• Greater precision of outcome can be achieved by requiring laboratory
or histological confirmation of diagnosis
• Patients at hospitals, physician’s practices or clinics
• Population-based
• death certificates, disease registries (i.e. Ontario Cancer Registry),
national surveys (i.e. NHANES, CCHS)

Control selection
• Criteria for selection should be clearly specified a priori
• Population-based sample

• Random digit dialing, voter registration lists, tax data, driver’s licence lists, insurance
lists

• Hospital-based controls

• People from hospitals, physician’s practices, or clinics admitted for outcome other
than the one under study

• Convenience sample

• Friend/spouse/sibling controls

• Matching

• Select controls that are as similar to cases as possible in terms of possible
confounding factors (i.e. age, sex, race, SES, occupation)
• Frequency match (group matching) or individual matching

Assessment of exposure
• Personal recall
• Questionnaires or interviews
• Pre-existing records
• Health records and other administrative health data (i.e. OHIP,
ODB, DAD/NACRS)
• National surveys (i.e. NHANES, CCHS)
• Other research ready data (i.e. UK Biobank)
• Biomarkers
• Serum, urine, hair, nail

Measure of association
Outcome
Exposure

Case

Control

Exposed

A

B

Unexposed

C

D

A+C

B+D

Total

𝐴
𝑜𝑑𝑑𝑠 𝑜𝑓 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑎𝑚𝑜𝑛𝑔 𝑐𝑎𝑠𝑒𝑠
𝑨𝑫
𝐶
𝑶𝒅𝒅𝒔 𝑹𝒂𝒕𝒊𝒐 𝑶𝑹 =
=
=
𝐵
𝑜𝑑𝑑𝑠 𝑜𝑓 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑎𝑚𝑜𝑛𝑔 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠
𝑩𝑪
𝐷
*Typically estimated using logistic regression

Types of case-control studies
• Defined by control sampling strategy
• The traditional case-control study
• Controls selected at random from those who do not develop
outcome / are at risk at end of follow-up (cumulative sampling)
• Case-control studies based (nested) in a defined cohort
• Nested case-control study
• Controls selected longitudinally throughout follow-up (densitybased sampling)
• Case-cohort study
• Controls sampled at random from entire source population /
those at risk at beginning of follow-up (case-cohort sampling)
• Case-crossover study
• Each case serves as his/her own control (self-controlled)

The nested-case control study
• Controls are a sample of
those at risk of outcome at
the time each case develops
the outcome
• Cases and controls are
matched on calendar time
and length of follow-up
• Can estimate incidence rate
ratio (IRR) using Cox
proportional hazards model

DEFINED COHORT

TIME

DEVELOP
DISEASE

1 YEAR

HAVE NOT DEVELOPED
DISEASE

CASE
1

2 YEARS

CASE
2

3 YEARS
CASES
3&4

4 YEARS

CONTROL
1
CONTROL
2
CONTROL
3&4

5 YEARS
CASE
5

CONTROL
5

Gordis. Epidemiology, 2013

The case-cohort study
• Controls are a random
sample of the cohort at the
start of study
• Cases and controls are NOT
matched on calendar time
and length of follow-up
• It is possible to study different
outcomes in the same casecohort study using the same
control group as the
comparator

DEFINED COHORT

TIME

DEVELOP
DISEASE

1 YEAR

CASE
1

2 YEARS

CASE
2

3 YEARS
CASES
3&4

4 YEARS
5 YEARS
CASE
5

5 CASES

5 CONTROLS

Gordis. Epidemiology, 2013

The case-crossover study
• Each case serves as his/her
own control

DEFINED
COHORT
PERSON 1
COMPARISON 1

• Economical to conduct
• Control for time-varying
confounding

PERSON 2
COMPARISON 2

PERSON 3
COMPARISON 3

PERSON 4
COMPARISON 4

1
1
1
1
15
15
15
JANUARY
FEBRUARY
MARCH

15
30
APRIL

At-risk periods
Control periods
Gordis. Epidemiology, 2013

Strengths
• A more efficient design
• Uses a sample of a defined cohort (source population)
• Sampling is based on the outcome
• Lower cost and less time
• Useful for
• Rare outcomes
• Outcomes with long latency periods
• Studies conducted using large healthcare databases involving
large cohorts with multiple time-varying exposures and covariates
• Investigating a large number of exposures - hypothesis generation

Limitations of the case-control design
• Confounding - unmeasured or residual

Selection bias
• Selection bias

• Non-comparability between cases and controls
• Controls selected into study do not reflect exposure in source population or are
in some way different from source population (i.e. hospital controls may have
higher prevalence of smoking, volunteer controls may be healthier/higher SES)

• Information bias
• Differential recall or “rumination bias” – assessment of presence and

significance of exposure may vary between cases and controls
• Using data collected before outcome developed minimizes recall bias
• Observer bias – if interviewer is aware of case-control status of participant
and records exposure information differentially

An example:

SOURCE POPULATION:
psychiatric patients on antidepressants in midsouthern Netherlands over 2 year period

CASES:
Serum sodium
≤130 mmol/L

EXPOSED:
Used
SSRIs

UNEXPOSED:
Used other
antidepressants

CONTROLS:
Serum sodium
136-144 mmol/L

EXPOSED:
Used
SSRIs

UNEXPOSED:
Used other
antidepressants

Users of SSRIs have approximately 4 times the odds of developing
hyponatremia compared to users of other antidepressant drugs
Outcome
Exposure

Hyponatremic

Normal serum sodium

Used SSRIs

22

38

Used other
antidepressants

7

40

Total

29

78

𝑪𝒓𝒖𝒅𝒆 𝑶𝑹 =

≤ 130 mmol/L
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=

12
34

=

55 ∗ 78
9 ∗ :;

=

3.3

From univariate logistic regression

From multivariate logistic regression

OR: 3.3 95%CI: 1.3, 8.6

OR: 3.9 95%CI: 1.2, 13.1

(adjusted for age, gender, diabetes mellitus, lung cancer, use of βadrenoceptor blockers and serum creatinine and potassium)

Cross - Sectional Studies

Cross-Sectional Studies
• Includes all members of the population, or a representative
sample of all members
• Selected without regard to exposure or disease status

• Data collected from a sample population at a specific time-point
• Researchers collect data, but do not interfere with subjects in any way
• Exposures and outcomes are measured simultaneously

• Two Types:

• Descriptive: assess the prevalence of a condition and its’ distribution within a
population
• Analytical: evaluate the association of disease with other characteristics

• Limitations:

• Length-biased sampling
• Difficult to determine the time order of events

Adapted from: USMLE Biostatistics, Jul 29, 2017

Ecological Study Designs
Brief Overview

Ecological Studies
• Group-level analyses
• e.g., Hospital, geographic
region, country
• Rationale for use
• If exposure is difficult to
measure at the individual level
(e.g., air pollution)
• Little within-group variation
• Interested in group-level effects
(e.g., nursing home prescribing)
• Simplicity of the analysis

Brown et al., 2018. Clinical Infectious Diseases, https://doi.org/10.1093/cid/ciz482

Ecological Fallacy and Notes
• Hypothesis screening vs.
hypothesis generating
• Ecological fallacy
• Misattributing group-level
effects to other levels
• Multi-level models
• Include group-level predictors
• Account for clustering withingroups
Conceptual question: What would be the value of including individual- and grouplevel covariates?
Winzar, H., 2015. Australasian Marketing Journal.

Want to learn more?
• Dohoo, Martin, & Stryhn. Methods in Epidemiologic
Research (pages 813-832)
• Chapter 6, Ecological Studies, The BMJ
• UNC Resource
• https://sph.unc.edu/files/2015/07/nciph_ERIC9.pdf

Comparison of Studies
Cohort Studies
Prospective

Retrospective

Case-Control

Cross-sectional

Ecological

Study group

Exposed

Exposed

Cases

Both

Both

Comparison

Unexposed

Unexposed

Controls

Either

Either

Measurement

Incidence in
exposed

Incidence in exposed Proportion of controls
exposed

Prevalence of
both

Prevalence of
both

Temporal
relationship

Easy to establish

Sometimes hard to
establish

Sometimes hard to
establish

Hard to establish

Hard to establish

Multiple
associations

Possible to study
several outcomes

Possible to study
several outcomes

Possible to study
several exposures

Possible to study
several exposures
and outcomes

Possible to study
several exposures
and outcomes

Time required

Long

May be short

Relatively short

Short

Short

Cost

Expensive

Less expensive than
prospective

Relatively
inexpensive

Inexpensive

Inexpensive

Best when

Exposure is rare

Exposure is rare

Outcome is rare

Comparing many
variables at same
time

Studying grouplevel effects

Problems

Selection of nonexposed
comparison often
difficult

Selection of nonexposed comparison
often difficult

Selection of
appropriate controls
often difficult

Reverse causality

Ecological fallacy

Changes over time in
criteria and methods

Incomplete
information on
exposure

Changes over time
in criteria and
methods

Adapted from Gordis. Epidemiology, 2013

Jeopardy!
https://jeopardylabs.com/play/sispe-study-design-variable-types

