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A characteristic (variable) 

potentially associated with a 

disease or health state – the 

independent/explanatory 

variable

• Drug/Intervention

• Demographic characteristic

• Behavioral factor

• Psychosocial

• Genetic

• etc

OUTCOMEEXPOSURE

A characteristic (variable) 

that is a marker of disease 

or a  health state – the 

dependent/response variable

• Death

• Disease

• Morbidity

• Biological

• Behavioral 

• Psychosocial

• Genetic

• etc

Study Design



Study Design

• Observational – collect information about 1 

or more groups but do nothing to affect 

them

• Experimental – researcher affects or 

manipulates what happens to all or some 

individuals





Study Design Features: 
Timing of Data Collection

• Prospective – data collected forwards in 
time after the onset of the study and prior to 
occurrence of outcomes 

• Retrospective – data collected after 
outcomes  have occurred and usually 
acquired from existing sources (eg. medical 
records) or recall



Study Design Features: 
Period of Time

• Cross-sectional – individuals observed only 

once – snapshot in time

• Longitudinal – study investigates changes 

over time



Bias

• Non-random, systematic error in the design or 

conduct of the study – leads to deviation from the 

truth

– Selection bias – distortions that result from procedures 

used to select subjects and from factors that influence 

study participation (Rothman, 1998) 

– Information bias – a flaw in measuring exposure or 

outcome data that results in different quality (accuracy) 

of information between comparison groups (Last, 1995)





Selection Bias

• Example 1– if in a clinical trial subjects were allowed to 
choose whether they were in the dietary fiber or control 
group, subjects that were more health conscious may 
choose the fiber group and subsequent differences may be 
due partly or entirely to differences between the subjects 
rather than the intervention

• Example 2 – if hospital-based controls are selected in a 
case control study examining the association between 
alcohol intake and colon cancer, the effect may be 
underestimated as hospital patients are known to drink 
more alcohol than the general public



Information Bias

• Recall Bias – In a case-control study of colon 

cancer and dietary fiber, the cases may be more 

likely to accurately recall their dietary fiber 

consumption 

• Interviewer Bias – In a case-control study using a 

dietary interview, if the interviewer knows a 

subject is a control they may search more for 

sources of dietary fiber consumption



Confounding

• The confusion of effects whereby part or all 

of the purported association between two 

variables (i.e. exposure and disease) is the 

result of a third variable.

Dietary Fiber Colon Cancer

Physical Inactivity



• “Bias and confounding are not synonymous.  

Bias arises from flawed information or 

subject selection so that a wrong association 

is found.  Confounding produces relations 

that are factually right, but that cannot be 

interpreted causally because some 

underlying, unaccounted-for factor is 

associated with both exposure and 

outcome.”

Vandenbrouchke et al. 2007



Observational Studies

• Case Series

• Case-control

• Cross-sectional

• Cohort



Case Series



Case Control Studies:
What happened?

Onset of Study

Direction of Inquiry

Exposed

Un Exposed

Time



Case Control Study



Case Control Studies

• Advantages

– Practical – quick and cheap

– Good for rare diseases

– Can simultaneously study multiple exposures

• Disadvantages 

– Susceptible to many biases as collect data retrospectively

– Outcome may change exposure

– Can’t calculate incidence

– Difficulty in selecting appropriate control group



Cross-sectional Studies:
What’s happening?

Subjects Selected

For Study

Exposed

Un Exposed

Onset of Study



Cross Sectional Study



Cross Sectional Studies

• Advantages
– Practical – quick and cheap

– Useful for generating hypotheses

– Can estimate exposure and outcome prevalences

– Can study multiple exposures and outcomes

• Disadvantages

– Temporal sequence is not established (not very good for establishing 

causal relations)

– Selective survival 

– Outcomes may have changed exposures

– Not incident outcomes



Cohort Studies:
What will happen?

Exposed

Unexposed

Outcome

No outcome

Outcome

No Outcome

Onset of Study
Time

Direction of Inquiry



Cohort Study

Television Watching and Other Sedentary Behaviors in Relation to Risk of Obesity 
and Type 2 Diabetes Mellitus in Women 
Frank B. Hu, MD, PhD; Tricia Y. Li, MD; Graham A. Colditz, MD, DrPH; Walter C. Willett, MD, DrPH; JoAnn E. Manson, MD, DrPH 

JAMA. 2003;289:1785-1791. 

Context  Current public health campaigns to reduce obesity and type 2 diabetes have largely focused on increasing exercise,  but 

have paid little attention to the reduction of sedentary behaviors. 

Objective  To examine the relationship between various sedentary behaviors, especially prolonged television (TV) watching, and 

risk of obesity and type 2 diabetes in women. 

Design, Setting, and Participants  Prospective cohort study conducted from 1992 to 1998 among women from 11 states in the 

Nurses' Health Study. The obesity analysis included 50 277 women who had a body mass index (BMI) of less than 30 and were 

free from diagnosed cardiovascular disease, diabetes, or cancer and completed questions on physical activity and sedentary 

behaviors at baseline. The diabetes analysis included 68 497 women who at baseline were free from diagnosed diabetes mellitus, 

cardiovascular disease, or cancer. 

Main Outcome Measures  Onset of obesity and type 2 diabetes mellitus. 

Results  During 6 years of follow-up, 3757 (7.5%) of 50 277 women who had a BMI of less than 30 in 1992 became obese 

(BMI 30). Overall, we documented 1515 new cases of type 2 diabetes. Time spent watching TV was positively associated with 

risk of obesity and type 2 diabetes. In the multivariate analyses adjusting  for age, smoking, exercise levels, dietary factors, and 

other covariates, each 2-h/d increment in TV watching was associated  with a 23% (95% confidence interval [CI], 17%-30%) 

increase in obesity and a 14% (95% CI, 5%-23%) increase in risk of diabetes; each 2-h/d increment in sitting at work was 

associated with a 5% (95% CI, 0%-10%) increase in obesity and a 7% (95% CI, 0%-16%) increase in diabetes. In contrast, 

standing or walking around at home (2 h/d) was associated with a 9% (95% CI, 6%-12%) reduction in obesity and a 12% (95% 

CI, 7%-16%) reduction in diabetes. Each 1 hour per day of brisk walking was associated  with a 24% (95% CI, 19%-29%) 

reduction in obesity and a 34% (95% CI, 27%-41%) reduction in diabetes. We estimated that in our cohort, 30% (95% CI, 24%-

36%) of new cases of obesity and 43% (95% CI, 32%-52%) of new cases of diabetes could be prevented by adopting a relatively 

active lifestyle (<10 h/wk of TV watching and   30 min/d of brisk walking). 

Conclusions  Independent of exercise levels, sedentary behaviors, especially TV watching, were associated with significantly 

elevated risk of obesity and type 2 diabetes, whereas even light to moderate activity was associated with substantially lower risk. 

This study emphasizes the importance of reducing prolonged TV watching and other sedentary behaviors for preventing obesity  

and diabetes. 



Cohort Studies
• Advantages

– Proper temporal sequence

– Can eliminate a lot of biases

– Good for a rare exposure

– Can examine multiple outcomes

– Can estimate incidence

• Disadvantages

– Not randomized

– Expensive and long

– Usually larger sample size than case-control

– Bias and decreased power from loss to follow-up 



Experimental Studies

• Parallel-group (concurrent controls)

• Self-controlled

• Cluster-randomized



Parallel Groups

Subjects

Meeting

Entry Criteria

Outcome

Outcome

No

outcome

No

outcome

Experimental

Control

Onset of Study

X X X X X
Intervention



Parallel Groups



Design Techniques to Avoid Bias

• Blinding- knowledge of treatment may influence 

recruitment, treatment allocation, assessment of 

endpoints, handling of withdrawals, exclusion of 

data from analysis

• Randomization – tends to produce treatment 

groups in which distribution of prognostic factors, 

known and unknown, are similar

• Minimizing anticipated irregularities – protocol 

violations, withdrawals, missing values

http://www.fda.gov/cder/guidance/ICH_E9-fnl.PDF



Treatment Assignment

• Randomized – best way

• Systematic – easy to manipulate

• Non randomized - open to bias in patient 

assignment – are groups comparable?

– Maybe stronger patients get more aggressive treatment 

and higher risk patients treated more conservatively

– Historical controls – biases from factors that change 

over time – Controls need:

• Precisely defined treatment

• Same eligibility criteria, procedures and evaluations

• Important prognostic variables must be known and similar

• No known external factor that could lead to different results



Cross-over Studies: 
Self-controls

Subjects

Meeting

Entry Criteria

Exp

Outcome

No 

Outcome

Exp

Cont Cont

Onset of Study

X   X   X   X   X   X   
Intervention 1

W W W
Washout

X  X  X  X  X  X
Intervention 2

Outcome

No

Outcome

Outcome

No 

Outcome

Outcome

No

Outcome



Cross-over Study



Avoiding Carryover

• Disease should be chronic and stable

• Effects of the medication should develop 

fully within the treatment period

• Washout periods should be sufficiently long 

for complete reversibility of effect

http://www.fda.gov/cder/guidance/ICH_E9-fnl.PDF



Cluster Randomized Trials

• Experimental units are clusters of 

individuals – randomize the clusters



Cluster Randomized Trials



Reasons to Use Cluster 

Randomized Trials

• Intervention applied at cluster level

• Administrative convenience

• Cooperation of investigators

• Improve participant adherence

• Avoidance of contamination of the 

intervention



Disadvantages of Cluster 

Randomized Trials

• Loss of statistical efficiency 

• Selection bias

• Decrease in cooperation of investigators



Systematic Reviews

• A synthesis of research studies that has been 

prepared using a systematic approach to 

minimising biases and random errors which 

is documented in the methods section. 

(Chalmers and Altman, 1995)

• Meta-analysis – statistical pooling of results 

to provide a single combined estimate of 

effect



Cross-sectional studies are efficient for 

determining causal relation between 

exposure and outcome.

A. True

B. False



All properly randomized trials are not 

susceptible to selection bias.

A. True

B. False



An investigator wishes to understand the relation between 

smoking and a rare variant of stomach cancer. Absent any 

other information, which study design would you initially 

propose to most efficiently examine this association?

A. Cross-sectional 

B. Parallel Group Randomized Trial

C. Crossover Trial

D. Case Control

E. Prospective Cohort



Early hospital-based studies found a strong association between oral 

contraceptives and thromboembolism.  However, given the suspicion 

over the risk of thromboembolism due to oral contraceptives, 

physicians were more likely to admit women who had symptoms if 

they were taking oral contraceptives.  The differential probability of 

hospitalization depending on oral contraceptive use resulted in an 

overestimated odds ratio.  This is an example of:

A. Selection Bias

B. Information Bias

C. Confounding



In a trial to prevent serious fall injuries in older adults, individuals 

were randomized to either standard of care or the delivery of care 

through a falls care manager (FCM). The primary outcome was 

serious fall-related injuries requiring medical attention. The 

investigators were worried that the relationship that patients had with 

their FCM would lead to an over-reporting of the primary outcome in 

the intervention group. This is an example of:  

A. Selection bias

B. Information bias

C. Confounding



Smoking is a known risk factor for pancreatic cancer and coffee-

drinkers are more likely to smoke. When smokers and non-smokers 

are combined, the risk of pancreatic cancer is 1.5 times higher in 

coffee drinkers than in non-drinkers.  However, when analysis is 

restricted to either smokers only or non-smokers only, there is no 

elevated risk of pancreatic cancer associated with coffee drinking.  

This is an example of:

A. Selection bias

B. Information bias

C. Confounding





Intention to Treat

• This is a principle that arises from protocol violations in 

an experiment.

– Subjects receive wrong treatment

– Subjects do not comply with assigned treatment

• Intention to Treat Principle – follow all subjects 

according to the protocol regardless of actual treatment 

received, analyze as you randomize 

• This is a conservative approach that evaluates 

effectiveness and provides proper statistical inference
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