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Learning outcomes

● Understand an overview of epidemiological study 
designs

● Differentiate descriptive and analytical designs
● Understand and differentiate different study designs
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Introduction
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Background

● Quantitative epidemiological study designs
● Research objectives → Selection of appropriate 

epidemiological study designs
● Determines methodology, sampling, analysis
● Varying strength of evidence
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Epidemiological
Study Designs

Descriptive Analytical /
Inferential

Interventional /
Experimental

Observational

Case report

Case series

Correlational

Cross-sectional 
(descriptive)

Cross-sectional

Case-control

Cohort

Clinical trial

Community trial

*Following the classification by Omair (2015) and Ranganathan (2019)
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*Table from 
Omair, 2015
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Descriptive vs Analytical
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Descriptive Epidemiology

● It is a “descriptive study of the occurrence of disease 
and other health-related characteristics in human 
populations.” (A Dictionary of Epidemiology, 6th ed. 
Porta, 2016)

● It deals with what (disease description), how much 
(counts, rates), and patterns. (The CDC Field 
Epidemiology Manual. Fontaine, 2018)

● Patterns of data in terms of time, place, person. 
(Fontaine, 2018)
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Time

*Figure from Musa et al., 2021
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Place

*Figure from covid-19.moh.gov/my
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Person

*Figure from covid-19.moh.gov/my
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Descriptive vs Analytical

Aspect Descriptive Analytical

Aim Describe Determine, Explain

RQs When? Where? Who? How? Why?

Hypothesis Generate Test, Prove

Comparison 
Group

No Yes

Data Observation
Observation or 

Intervention

*Omair (2015), CDC PH 101 Series (CDC, 2018), Ranganathan (2019) 
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Descriptive Study Designs
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Epidemiological
Study Designs

Descriptive Analytical /
Inferential

Interventional /
Experimental

Observational

Case report

Case series

Correlational

Cross-sectional 
(descriptive)

Cross-sectional

Case-control

Cohort

Clinical trial

Community trial

*Following the classification by Omair (2015) and Ranganathan (2019)
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Case Report

● Single case
● Abnormal / Atypical / Unexplained / Unexpected 

outcomes – undocumented side-effect of a treatment
● New disease / phenomenon – COVID-19
● Generate hypothesis for exposure-outcome 

association
● Lowest level of evidence
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Case Series

● Many cases (from three to 100 cases) (Sayre et al., 
2017; Omair, 2015)

● A collection (series) of cases with similar findings / 
outcomes

● Generate more viable hypothesis for exposure-
outcome association

● Stronger evidence than a case report – case reports
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Case Report / Series
Advantages Disadvantages

● Easy to conduct

● Low cost

● Good starting point to generate 
hypothesis

● Provide detailed information 
about the case(s)

● Allow studies into conditions that 
could be unethical to perform by 
other study designs

● Findings could be due to chance 
– not the real association

● Incidental findings – maybe due 
to other factors, not the one 
hypothesized

● Absence of comparison group

● Poor generalizability
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Correlational

● a.k.a Ecological study

● Used when individual level data not available – population 
level / aggregate data

● Secondary data from databases, hospital records

● Study population-level associations between exposure-outcome

● Serve as hypothesis generating steps
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Correlational
Advantages Disadvantages

● Easy to conduct and low cost – 
utilize available data

● Enables analysis when individual 
level data are not available

● When measuring individual level 
data is not practical – pollution 
index in an area

● Ecological fallacy / bias:

● maybe due to other factors, 
not the one hypothesized

● group level data might not 
reflect individual level data

● Difficulty to adjust for confounders

● Cause-effect / temporal ambiguity

● Weak generalizability
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Cross-sectional (descriptive)

● a.k.a cross-sectional survey / prevalence study

● A representative sample from A population

● Establish prevalence of the disease in the population

● Allows prevalence estimation + 95% CI

● Can intermediate step to estimate the severity of the problem 
before conducting a proper analytical cross-sectional

● Also common to have both descriptive and analytical 
components
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Cross-sectional
Advantages Disadvantages

● Easy to conduct – no follow-up

● Low cost, limited resources

● Exposure-outcome is determined at the 
same time

● Can collect many variables at the same 
time

● Can be analytical when exposure and 
outcome association is determined

● Allow studies into conditions that could 
be unethical to perform by other study 
designs

● Unable to establish cause-effect / 
temporal relationship

● Only provides a snapshot at a point of 
time

● Not suitable to study rare conditions

● May have weak generalizability
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Analytical Study Designs
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Epidemiological
Study Designs

Descriptive Analytical /
Inferential

Interventional /
Experimental

Observational

Case report

Case series

Correlational

Cross-sectional 
(descriptive)

Cross-sectional

Case-control

Cohort

Clinical trial

Community trial

*Following the classification by Omair (2015) and Ranganathan (2019)
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Observational Study Designs
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Cross-sectional (analytical)

● Cross-section / snapshot of population at a single time point

● Comparison element (vs descriptive version of cross-
sectional study)

● Exposure and outcome are measured simultaneously at the 
same time

● Temporality (cause → effect relationship) cannot be 
determined

● Determine association, not causation / risk
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Cross-sectional (analytical)
Advantages Disadvantages

● Study multiple exposures and outcomes

● Determine prevalence

● Easy to conduct – no follow-up

● Low cost, limited resources

● Exposure-outcome is determined at the 
same time

● Allow studies into conditions that could 
be unethical to perform by other study 
designs

● Starting point for prospective studies – 
potential associated factors

● Unable to establish clear cause-effect / 
temporal relationship

● Only provides a snapshot at a point of 
time

● Cannot determine risk

● Not suitable to study rare conditions

● Survival bias – not picked up given 
snapshot nature of CS study
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Case-control

● Backward-directed study, retrospective nature

● Suitable for rare diseases

● Identiy individuals with an outcome / medical condition (CASE) 
and matching individuals without the medical condition 
(CONTROL)

● Retrospectively go through the records to identify exposures / 
associated factors of the medical condition by comparison across 
case-control

● Allow case-control matching for factors that might influence the 
exposure / outcome (e.g. age, gender, sociodemographic factors)
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Case-control
Advantages Disadvantages

● Study multiple exposures

● Easy and quick to conduct

● Low cost, limited resources

● Best for rare diseases

● Suitable for disease with long latent period

● Smaller sample size

● Allow studies into conditions that could be 
unethical to perform by other study designs

● Starting point for prospective studies – 
potential associated factors

● Case-series can be turned to case-control 
study

● Difficult to identify matching control – suitable 
matching variables unknown

● Bias in determination of exposures, cases and 
controls (outcomes) are known to investigators

● Sampling bias – case vs control come from 
different population subgroups

● Recall bias – cases might recall exposure 
better

● Unable to establish causation – cannot 
determine risk, only association

● Not suitable for rare exposures

● Cannot determine prevalence and incidence

● Limited to one outcome
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Cohort

● “cohort” is a group of people being exposed to the same risk factor

● Follow-up exposed cohort vs unexposed cohort over a period of time, 
then compare the outcome

● Both cohorts have not developed the outcome at the start of followup!

● To some extent, resembles clinical trial – only exposure is natural

● Two types: 

– Prospective

– Retrospective
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Prospective vs Retrospective

● Prospective

– New data

– Follow-up after the start of study for a specified 
period of time

● Retrospective

– Records for other purposes

– Medical records, registry data
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Cohort
Advantages Disadvantages

● Study multiple outcomes

● Strongest evidence out of all 
observational studies

● Determine incidence

● Can determine causality / temporal 
relationship – allows determination of risk

● Can evaluate multiple outcomes for a 
single exposure

● Suitable for rare exposures

● More expensive

● Longer time to complete

● Larger sample size

● Not suitable for rare diseases

● Loss to followup bias

● Misclassification bias

● Unknown confounders other than the 
exposure that cause the outcome

● Limited to one exposure
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CS vs CC vs Cohort

Past Present Future

*Modified based on Figure 1 in Levin (2006); E = exposure, O = outcome

Cross-sectional

Case-control

Retrospective Cohort

Prospective Cohort

Time

E

E

E

E

O

O

O

O
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Interventional Study Designs
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Interventional Study

● a.k.a. Experimental study

● It tests a new treatment/intervention on a selected group of 
patients

● Intervention study = Trial

● Intervention = “Exposure” that is controlled by the 
investigators, not natural

● Two types:

– Clinical trial

– Community trial
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Clinical vs Community Trials

● Clinical trial:

– Individuals are assigned to treatment / control groups
● Community trial:

– Communities are assigned to treatment / control 
groups

– Communities: villages, schools, districts etc.
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Study Designs

● Randomized controlled trial

● Non-randomized controlled trial

● Interventional study without concurrent controls

● Before–after (pre–post) study

● Crossover study

● Cluster randomized trial
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Randomized controlled trial

● Strongest design

● Features:

– “randomized”: Random assignment to 
treatment/control (randomization)

– “controlled”: Control group
● Randomization – cancel out all external factors except the 

intervention that affect the outcome

● Control – to compare against a baseline without 
intervention, ascertain the effect of intervention



Dr. Wan Nor Arifin Epidemiology: Study Designs 43

Randomized controlled trial

● Other considerations to improve the validity of RCT:

– Allocation concealment

– Blinding

– Intention-to-treat analysis

– Ensure compliance

– Minimize dropouts

– Adequate sample size
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