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6 Observational Study Design
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Class Outline
1. Recognize criteria for various observational studies

2. Identify design components of various observational studies

3. Calculate and interpret outcome measures in various observational studies

4. Recognize advantages and disadvantages to various observational studies

5. How to Assess (critique) the quality of observational studies



Pajo, B. (2017). Introduction to research methods: a hands-on 
approach. Sage publications. 

DePoy, E., & Gitlin, L. N. (2019). Introduction to research E-book: 
understanding and applying multiple strategies. Elsevier Health 
Sciences. 

Kumar R. Research Methodology: A Step-by-Step Guide for 
Beginners. 2010. 3rd Ed. SAGE Publications Ltd. 
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The research question?

The researcher asks a very specific question and tests a specific 
hypothesis. Broad questions are usually broken into smaller, testable 
hypotheses or questions. 

Often called an objective or aim, though calling it a question tends to help 
with focusing the hypothesis and thinking about how to find an answer
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What 
makes a 
poor 
research 
question?

A question that matters to nobody, even you

Hoping a question reveals itself from trawling 
routine clinical records

• Records may be biased and confounded
• Records can lack info you need to answer your 

question reliably, because they were collected 
for another reason

Fishing expedition/data dredging – gathering new 
data and hoping a question will emerge
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What makes 
a good 
question?

Feasible (answerable with a robust method)
Interesting
Novel
Ethical
Relevant
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Minimising 
bias and 

confounding 
factors

Chance - measurements are nearly always subject to random

variation. Minimise error by ensuring adequate sample size and

using statistical analysis of the play of chance

Bias - caused by systematic variation/error in selecting 
patients,

measuring outcomes, analysing data

Confounding - factors that affect the interpretation of 
outcomes

eg people who carry coffee loyalty cards are more likely to have 
high blood pressure, but caffeine is the confounding factor –
so measure likely confounders too



How did we get from here…
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and here…
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to here?
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Are you going to observe 
or experiment?
observational – cross sectional, case series, case-control studies, cohort studies

• identify participants

• observe and record characteristics

• look for associations

experimental – before and after studies, comparative trials (controlled or head 
to head), randomised trials 

• identify participants

• place in common context

• intervene

• observe/evaluate effects of intervention
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Analytic Study 
Designs

• Experimental studies 
(experimental)

• Cohort studies (observational)

• Case-control studies 
(observational)

• Cross-sectional studies 
(observational)



Study designs

Population (P) Interventions (I) Comparison of intervention (C) Outcome (O) 
Population (P) Exposure (E) Comparison of exposure (C) Outcome (O)   

Cohort study

Cross 
Sectional

Case-Control 
study

Randomised 
Parallel Group

Randomised 
Crossover

Survey 
Cross sectional

Qualitative

Analytic 
PICO or PECO

All Studies

ObservationalExperimental

PICO Model for Clinical Questions

Descriptive 
PO

Case report
Case series



Prospective vs Retrospective

Looks forward in time
• Development of disease
• Less bias

• Less confounding variable

Looks backwards in time
Examines exposures
Suspected risk or protection factors
More bias
More possible confounding variables



Exactly what are you planning to do?

PICO

P - who are the patients or what’s the problem?

I - what is the intervention or exposure?

C – what is the comparison group?

O - what is the outcome or endpoint?
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Observational 
Studies
• Used to study a wider range of 

exposures than experimental 
studies

• “Natural” experiments

• Mitigate many issues which are 
not feasible in experimental 
studies



Observational 
Studies

• Etiology
• What are risk factors for 

developing disease?
• Includes study of behaviors, 

occupational or environmental 
factors

• Prognosis
• What factors predict mortality or 

disability?
• What elements of care predict 

other health-related outcomes 
(e.g. quality of life)?



Cohort 
Studies
Observational Research



Cohort 
Studies
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• “Exposed” and “unexposed” are 
selected by the investigators to be 
followed longitudinally over time 
to observe difference in the 
incidence of the outcome

• Incidence or follow-up studies



Cohort 
studies

© Haavik Research 2021Wang & Kattan (2020). 



Cohort 
Studies

When to 
Initiate?
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Due to large sample size, long follow-up 
time required and usual high cost, cohort 
studies usually initiated when:

 Sufficient evidence obtained from less 
expensive studies to indicate association of 
disease with certain exposure(s)

 New agent requires monitoring for 
possible association with several diseases

• e.g. Oral Contraceptives or 
Hormone Replacement Therapy



Cohort Studies: Assembling Cohort

 Select groups based on exposure status (exposed and unexposed), 
follow through time and assess outcome

 Select defined population (e.g., occupation, geographic area) before 
exposure, follow through time to separate by exposure status, and 
assess outcome 



Cohort Studies: 
Assembling Cohort

 Potential sources
 Occupational cohorts: ease of identification and 

adequate number exposed
 Prepaid health plan members: ease of identification 

and health records
 Schools, military: ease of identification and follow-

up
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Cohort Studies: 
Determining Exposure
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QUESTIONNAIRES LABORATORY 
TESTS

PHYSICAL 
MEASUREMENTS

SPECIAL 
PROCEDURES

EXISTING 
RECORDS



Cohort 
Studies: 
Measuring 
Disease

• Sources of information include:
• Death certificates 
• Hospital records 
• Disease registries
• Doctors' records
• Physical exam 
• Lab tests 
• Questionnaires
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Cohort Studies: 
Selecting Comparison Group

• Compare the outcome for the exposed group to 
the outcome in an unexposed population

• Unexposed population represents the exposed 
group without the exposure

• Validity of inference depends on finding a valid 
unexposed population
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Cohort 
Studies: 
Internal 

Comparison 
Group
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• From same sample as exposed but do not have exposure

• Strengths
• Most comparable to exposed group

• Weaknesses
• May be difficult to identify
• Similar population probably has similar exposures



Cohort 
Studies: 
External 

Comparison 
Group
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• General population, other occupation

• Strengths
• Accessible, stable data

• Weaknesses
• Lack of comparability with exposed group
• Data on key variables may be missing



Cohort Studies: 
Defined 
Populations
 The Framingham Heart Study
 http://www.framinghamhea

rtstudy.org/
• Large prospective cohort study 

providing longitudinal data on 
cardiovascular disease 

• Recruits were residents of 
Framingham, Massachusetts 

• Measured potential 
cardiovascular risk factors 
nearly 50 years ago.

© Haavik Research 2021

http://www.framinghamheartstudy.org/


Cohort 
Studies 

Framingham 
Study 

Hypotheses

©
 Haavik Research 2021

• Incidence of coronary heart disease (CHD) increases with age 
and occurs earlier and more frequently in males

• Persons with hypertension develop CHD at a greater rate than 
those who have normal bloop pressure

• Elevated blood cholesterol level is associated with an 
increased risk of CHD

• Tobacco smoking and habitual use of alcohol are associated 
with an increased incidence of CHD



Cohort Studies:
Analytic Approach – Relative Risk

Relative Risk =     Incidence in Exposed
Incidence in Unexposed

Measure of association used for deriving a causal inference
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Develops 
Disease

Does Not 
Develop 
Disease

Totals Incidence of 
Disease

Exposed a b a+b

Not 
Exposed c d c+d

a   
a+b

c  
c+d

Relative Risk =    Incidence in Exposed               =    a/a+b
Incidence in Unexposed       c/c+d

Cohort Studies
Analytic Approach – Relative Risk
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Cohort Studies
Analytic Approach – Relative Risk

 If Relative Risk = 1  exposure is NOT associated disease

 If Relative Risk > 1  exposure is associated with an 
increased risk of disease

 If Relative Risk < 1  exposure is associated with a 
decreased risk of disease (i.e. is protective) 
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Smoking and Coronary Heart Disease
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CHD No CHD Totals
CHD

Incidence 
(per 1,000)

Smoke 84 2,916 3,000 0.028

No 
Smoke 87 4,913 5,000 0.0174

Relative Risk =    Incidence in Exposed =     0.0280
Incidence in Unexposed            0.0174

= 1.61
Mahmood, Levy, Vasan, & Wang (2014) 



Cohort 
Studies:

Disadvantages
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• Inefficient for evaluation of very rare diseases

• If outcome has long latency the study can take a long time

• Can be more expensive

• If retrospective, requires availability of records

• Validity of results can be badly affected by losses to follow-up



Cohort 
Studies:

Advantages

©
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 Useful when exposure is rare

 Examines multiple effects of single exposure

 If prospective can minimise bias in establishing exposure

 Examines temporal relationship between exposure and disease

 Allows direct measurement of incidence of disease in exposed 
and unexposed

 Direct calculation relative risk



Case Controlled 
Studies

Observational Design
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DISEASE NO DISEASE

EXPOSED
NOT

EXPOSED
EXPOSED

NOT 
EXPOSED

Case-Control Study Design
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CASES CONTROLS

IDENTIFY

FOLLOW 
UP
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Case-Control 
Studies: 
When to Initiate?

Little is known about the 
disease/rare disease

Data on exposure are difficult or 
expensive to obtain

Disease has long latency period

Dynamic underlying population



Case-Control 
Studies

Selection of 
Cases 

• Case must be clearly defined and lead to accurate 
classification of diseased and non-diseased individuals

• Disease must have strict diagnostic criteria, e.g., 
distinguishing cancer of the corpus uteri (body of uterus) 
from cancer of the cervix (neck of uterus)

• Applied uniformly
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Case-Control 
Studies 

Sourcing 
Cases

• All cases in a population

• Representative sample of all cases

• Disease registries

• All hospitals in a community

• Particular hospital or health system

• Doctors records
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Case-Control 
Studies 

Selection of 
Controls

 Purpose is to provide information on the exposure 
distribution in the population

 Controls must be identified independently of exposure 
status

 Controls are a sample of the population that cases came 
from
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Case-Control 
Studies 

Sources of 
Controls

• General population

• Hospital/clinics

• Relatives, friends, classmates, coworkers
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Case-Control 
Studies 

Matching

• Without randomisation, cases and controls may differ

• Individual matching (pairwise or multiple)
• For each case, select one (or more) controls matched 

on variables (e.g., age within 3 years and gender)

• Group matching (frequency matching)
• Distribution of matching characteristic is similar in 

cases and controls (e.g., if 45% of cases are women, 
then 45% of controls should be women)

© Haavik Research 2021



Case-Control 
Studies 

Determining 
Exposure

• Questionnaires

• Laboratory tests

• Physical measurements

• Special procedures

• Existing records
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Cassidy et al. (2009)
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Case-Control Studies 
Analytic Approach – Odds Ratio
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Case Control

Exposed A B 

Not Exposed C D 

Odds that a case was exposed   = =

Odds that a control was exposed   = =

Odds ratio   =                          =   

a  
c
b  
d

a  
c
b  
d

ad
bc

a/(a+c)  
c/(a+c)

b/(b+d)  
d/(b+d)



Case-Control Studies 
Analytic Approach – Odds Ratio for DC visit within 0-3 days of stroke
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Case Control

Exposed 9 (a) 40 (b)

Not Exposed 818 (c) 3164 (d)

Odds Ratio =   (a/c)/(b/d)  =  ad/bc

=  9 * 3164 =  28,476 =  0.87
40 * 818        32,720



What does 
this actually 

mean????

• Odds that a person who had a stroke and saw a 
chiropractor 3 days prior to their stroke was 0.87 
times the odds that a person had a stroke and didn't 
see a chiropractor

• Vs

• Odds that a person who had a stroke and saw a 
doctor 3 days prior to their stroke was 3.61 times the 
odds that a person had a stroke and didn't see a 
doctor
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When Does 
the Odds 

Ratio Provide 
a Good 

Estimate of 
Relative Risk?

• When the cases studied are representative of all people WITH 
the disease in the population from which the cases were 
drawn

• When the controls studied are representative of all people 
WITHOUT the disease in the population from which the cases 
were drawn

• When the disease studied does not occur frequently (rare 
disease assumption)
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Case-Control 
Studies

Disadvantages

• Investigates only one disease outcome

• Cannot directly compute incidence rates of disease in 
exposed and unexposed

• Temporal relationship between exposure and disease may be 
difficult to establish

• Vulnerable to recall bias
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Case-Control 
Studies

Advantages

• Efficient for rare diseases

• Efficient for diseases with long latency periods

• Can evaluate multiple exposures in relation to a disease

• Relatively quick and inexpensive
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Cross-Sectional 
Studies Observational 

Research
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Cross-
Sectional 

Studies

• Exposure status and disease status of an individual are 
measured at a single point in time

• Disease prevalence in those with and without exposures or 
different exposure levels are compared

• Useful for health planning
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STUDY
POPULATION

Exposed, 
Diseased

Unexposed, 
Diseased

Unexposed, 
No Disease

Gather Data on Exposure and Disease

Cross-Sectional Study Design
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Exposed, 
No Disease



Cross-
Sectional 

Studies:
Selection of 

Study 
Population

• Sometimes based on exposure of interest
• prevalence of disease in particular ethnic group or 

geographic area or occupational group

• Entire populations or representative samples
• community or a random sample of households
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Cross-
Sectional 

Studies:
Determining 

Exposure

• Usually questionnaires, records, lab tests, physical measures

• Duration and timing of exposure is important to record
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Cross-
Sectional 

Studies:
Measurement 

of Disease

• Questionnaires, incl past symptoms for those in remission

• Physical exams

• Special procedures (x-rays, lung function)

• Diagnostic criteria determined in advance and applied 
systematically
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Cross-
Sectional 

Studies:
Analytic 

Approach

• Prevalence ratio
• Prevalence of disease in exposed / by prevalence of 

disease in unexposed

• Prevalence odds
• Odds that a diseased person was exposed or unexposed

• Prevalence odds ratio
• Ratio of prevalence odds in exposed to prevalence odds 

in unexposed
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Cross-
Sectional 

Studies:
Disadvantages

• establishes association at most, not causality

• Can have recall bias

• Potential misclassification if disease has exacerbations and 
remissions (e.g., asthma) or if it’s being treated (e.g., 
hypertension)
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Cross-
Sectional 

Studies:
Advantages

• Often have reasonably good generalisability

• Often conducted in a relatively short period of time

• Less costly
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Potential problems with observational studies

Random Error
• random variation, or ‘noise in the system’. 

• Variability in human population means there is always some error, or ‘noise’ in gathering 
information on the exposure, outcome, and any covariable information. 

• Greater random error leads to 

 lower precision in estimates of association/effect

 wider confidence intervals (lower precision)

• Random error can be reduced by large study sizes: bigger studies give more precise estimates 
(narrower confidence intervals)
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Bias and Confounding factors
• Bias

• Bias = systematic error 
• Bias is an error in measuring or collecting information that differs 

systematically between groups of participants. Bias can result from the 
design, conduct, or analysis of a study 

• Bias reduces the accuracy (validity) of estimates of effect/association 
• Bias can lead to over- or underestimating a true effect/association

• Confounding factors
• Confounding factor = a characteristic that can cause or prevent the 

disease and is also associated with the exposure of interest.
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Reporting and assessing studies

CONSORT for randomised controlled trials 

STARD for diagnostic accuracy studies 

STROBE for observational studies  

PRISMA for systematic reviews of trials

MOOSE for meta-analyses of observational studies 

EQUATOR network www.equator-network.org/resource-centre/library-of-health-research reporting
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What is STROBE?

STROBE stands for an international, 
collaborative initiative of epidemiologists, 
methodologists, statisticians, researchers 

and journal editors involved in the 
conduct and dissemination of 

observational studies, with the common 
aim of STrengthening the Reporting of 
OBservational studies in Epidemiology.

www.strobe-statement.org

© Haavik Research 2021



STROBE Checklists 
for Observational 
Studies
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Summary and Take Home Messages
• Observational studies are “natural” studies that get around aspects of experimental studies 

which are not feasible. 
• They can be Prospective (looking forward) or Retrospective (looking back)

• PICO model - Population (P) Interventions (I) Comparison of intervention (C) Outcome (O) 

• Three types of Observational Studies
1) Cohort Studies
2) Cross Sectional Studies
3) Case-Control Studies

• Cohort studies explicitly incorporates passage of time (follows forward in time)

• Case-control studies are retrospective (looks back in time)
• Cross sectional are a snapshot in time

• Uniformity in data collection is key to increased validity

• Relative risk (cohort) and odds ratio (case-control and cross-sectional) are the key measures of 
association
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