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▪ Understand hierarchy of evidence
▪ Understand study types (case series, ecological studies, case 

control, cohorts, RCTs, etc.)
▪ Understand what level of evidence they can and cannot provide
▪ Systematic reviews and meta-analyses
▪ Causal inference

4Epidemiological Studies
Learning Objectives
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5Epidemiological Studies
Hierarchy of Evidence

Ecological Studies

Cross Sectional Studies

Case-Control Studies

Cohort Studies

RCTS

Case Report / Case Series

Expert Opinion

Systematic Reviews
Evidence

Meta Analyses
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6Epidemiological Studies
Exposure & Outcome
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▪ Descriptive, 
very common 
in early 
phases of 
new diseases. 
Often triggers 
new 
hypotheses.

7Epidemiological Studies
Case reports and case series
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8Epidemiological Studies
Case reports and case series
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9Epidemiological Studies
Case reports and case series



Di
gi

ta
l E

pi
de

m
io

lo
gy

 L
ab

    
 B

IO
-5

21
    

  S
pr

ing
 se

m
es

te
r 2

02
5

▪ Compare groups, i.e. quantities at the aggregate level

10Epidemiological Studies
Ecological Studies
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▪ Common in digital 
epidemiology

11Epidemiological Studies
Ecological Studies
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12Epidemiological Studies
Ecological Studies
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▪ Common in digital 
epidemiology

13Epidemiological Studies
Ecological Studies
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14Epidemiological Studies
Ecological Studies
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▪ Ecological Fallacy: take an association at the aggregate level, and 
interpret it as an association on the individual level.

15Epidemiological Studies
Ecological Studies
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17Epidemiological Studies
Ecological Studies
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19Epidemiological Studies
Ecological Studies Incidence

20%

15%

10%

5%
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Ecological Studies Incidence
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21Epidemiological Studies
Cross-sectional studies

time

Cross-sectional
study 1

Cross-sectional
study 2

Longitudinal study
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▪ A study that looks at groups that differ in outcome. Goal: identify 
differences in exposure.

22Epidemiological Studies
Case-control studies

Known Outcome A

today

Case
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▪ A study that looks at groups that differ in outcome. Goal: identify 
differences in exposure.

23Epidemiological Studies
Case-control studies

Known Outcome A

Known Outcome B

Case

Control

today



Di
gi

ta
l E

pi
de

m
io

lo
gy

 L
ab

    
 B

IO
-5

21
    

  S
pr

ing
 se

m
es

te
r 2

02
5

▪ A study that looks at groups that differ in outcome. Goal: identify 
differences in exposure.

24Epidemiological Studies
Case-control studies

Exposure?

Exposure?

Known Outcome A

Known Outcome B

today

Case

Control
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25Epidemiological Studies
Case-control studies
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26Epidemiological Studies
Case-control studies
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27Epidemiological Studies
Case-control studies



Di
gi

ta
l E

pi
de

m
io

lo
gy

 L
ab

    
 B

IO
-5

21
    

  S
pr

ing
 se

m
es

te
r 2

02
5

▪Quantifying an association: odds ratio

28Epidemiological Studies
Case-control studies

Disease No Disease

Exposed 90 150

Not Exposed 30 570
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▪ Confidence Interval: a range of estimates. Always needs a 
confidence level, x. Must be calculated depending on the statistic 
of interest.
▪ 95% CI for odds ratio: if I redo my study many times, in 95% of the 

time, the true odds ratio will fall in a study’s 95% CI.

29Epidemiological Studies
Case-control studies
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Case-control studies
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▪ Benefit: can start from disease
▪ Difficulty: biases

34Epidemiological Studies
Case-control studies



Di
gi

ta
l E

pi
de

m
io

lo
gy

 L
ab

    
 B

IO
-5

21
    

  S
pr

ing
 se

m
es

te
r 2

02
5

35Epidemiological Studies
Cohort studies
▪ A study that looks at groups that differ in exposure. Goal: identify 

differences in outcome.
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▪ A study that looks at groups that differ in exposure. Goal: identify 
differences in outcome.

36Epidemiological Studies
Cohort studies

Known Exposure A

today
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▪ A study that looks at groups that differ in exposure. Goal: identify 
differences in outcome.
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Cohort studies

Known Exposure A

Known Exposure B

today
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▪ A study that looks at groups that differ in exposure. Goal: identify 
differences in outcome.

38Epidemiological Studies
Cohort studies

Known Exposure A

Known Exposure B

Outcome?

Outcome?

today
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▪ A study that looks at groups that differ in exposure. Goal: identify 
differences in outcome.

39Epidemiological Studies
Cohort studies

Known Exposure A

Known Exposure B

Outcome?

Outcome?

today
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▪Quantifying an association: odds ratio or risk ratio (or relative risk)

40

Disease No Disease

Exposed 90 150

Not Exposed 30 570

Epidemiological Studies
Cohort studies
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▪ Confidence interval for risk ratio

41Epidemiological Studies
Cohort studies
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▪ Relationship between odds ratio, relative risk, and baseline risk - 
please see book and exercise.
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Cohort studies
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▪ Advantage: If prospective, you can determine what data to collect. 
If retrospective, you can’t, but it won’t take a long time.
▪ Downside: If prospective, study takes a long time.

43Epidemiological Studies
Cohort studies
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44

▪ Prospective 
cohort of British 
doctors (smokers 
and non-
smokers).
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▪ Not an observational study: we control the exposure (i.e. in trials)!

47Epidemiological Studies
Randomized controlled trial (RCT)
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▪ Participants are randomly assigned to exposure groups (to avoid 
confounding).
▪Open label, single-blind, double-blind 

48Epidemiological Studies
Randomized controlled trial (RCT)
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▪Why not just RCTs for everything?
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Randomized controlled trial (RCT)
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▪ Pre-clinical phase (animal or in vitro)
▪ Phase 1: 10s of participants, for tolerability and safety
▪ Phase 2: 100s of participants, “pilot” to see best benefit / risk ratio
▪ Phase 3: As many participants as possible, full efficacy and safety 

assessment
▪ Phase 4: Post marketing, pharmacovigilance

52Epidemiological Studies
Randomized controlled trial (RCT)
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▪ Systematically assess all studies on a given topic.
▪ If similar enough, can do meta-analysis.

53Epidemiological Studies
Systematic reviews & meta-analyses
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▪Mortality-preventing 
effect of beta‐
blockers after 
myocardial infarction
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▪ Cumulative meta-
analysis
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▪ Reviews that are continually updated, incorporating relevant new 
evidence as it becomes available.

56Epidemiological Studies
Living systematic reviews
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▪ “Correlation does not imply causation”

57Epidemiological Studies
Causal inference
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▪Why can RCTs establish causality?

58Epidemiological Studies
Causal inference
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▪What is causal inference

59Epidemiological Studies
Causal inference


