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Lecture Outline

1. RCTs vs. observational studies

2. Characteristics of cohort studies

3. Endpoints and exposures in cohort studies

4. Effect measures in cohort studies



Review

In an experimental study, exposure
status is randomly assigned

However, you can’t randomize all 
exposures.

Examples
• HPV and cervical cancer
• Poverty and oral health



Consider

• What is the effect of needle stick injuries on the risk of 
HIV infection among health care workers?

• What is the effect of maternal smoking during 
pregnancy on risk of birth defects?

• What is the effect of race on cardiovascular disease 
risk?

For ethical and practical reasons, we cannot always study the effect of an exposure 
using an experimental design 



RCTs versus observational 
studies

Key difference:

Use of 
randomization to 
separate individuals 
into exposure 
groups



Non-randomized studies

Pros:
• Simpler to implement
• Can study a broader range of exposures

Cons:
• Cannot assume the groups are exchangeable with respect 

to other risk factors for disease
• Introduces uncertainty as to whether an observed 

association between the exposure and disease is causal



Types of Observational Studies

Observational 
Studies

Cohort Studies Diagnostic 
studies

Cross-sectional 
studies

Case Control 
Studies

Ecological 
Studies



What is a cohort?

“Any designated group of individuals who are followed or 
traced over a period of time” (Rothman, 2012)



Shared characteristics

• Cohorts of individuals share common experience or 
condition:

• Birth cohort
• Demographic characteristics
• Occupation
• Shared exposure (e.g., smokers, dietary/vegan)



Definitions

• Target population is the broadest category for which you 
wish to extend your conclusions

• For practical reasons (efficiency/timeliness), your study will 
be conducted in a more restricted population – the source 
population

• From your study population, a sample will be drawn, and 
those will be your study participants 
• Occasionally, you can include the entire study population in 

your study though it’s usually not feasible or necessary



Example
Does daily consumption of soy sauce by Chinese 

Americans cause GI cancer?

Your target population is Chinese Americans. Suppose that you are based in San
Francisco, CA and it is not feasible for you to conduct a national study.

A practical source population would be Chinese Americans living in San Francisco.

To obtain subjects for your study, you might choose to random-digit dial (RDD)
using the telephone prefixes used in San Francisco’s Chinatown. 



Important question

Who are my results generalizable to?

This question has very important 
implications for how the study results are 

used



Definition: Generalizability 

• Also known as external validity

• Who do my study results apply to?

• Can the study results be generalized to 
different persons, settings, and times?

(Steckler & McLeroy, 2008)



Ask yourself these questions

1. Who do you want to generalize to?

2. What population do you have access to?

3. Who is in your study?



Example
Study of the effect of screening on ovarian cancer mortality

Target 
Population StudySource



Famous Cohorts

• Early era of cohort studies 1940s-1950s
• Framingham Heart Study
• Japanese atomic bomb survivors
• British doctors cohort study

• Key features: cohort size, richness of data, sustained 
follow-up



Framingham Heart Study

• Begun in 1948 to address rising incidence of CVD

• Key features in its success:
• Selection of a small and cooperative community
• Sustained financial support 
• Rigorous and standardized protocols for data 

collection

• Third generation of family members now 
enrolled (grandchildren of the original cohort!)

• >1200 publications over 50 years!





(O’Donnell & Elosua, 2008)



Japanese Atomic Bomb Survivor 
Study

• Addressed consequences of ionizing 
radiation exposure

• Unlike Framingham study (which was 
designed to test multiple hypotheses) 
this study had only one goal: to address 
the consequences of ionizing radiation 
exposure

• Radiation doses for sampled survivors 
were reconstructed and they were 
entered into a cohort study with regular 
medical exams

• This study provides the underpinnings of 
radiation standards worldwide

Atomic bomb mushroom clouds
Hiroshima (L) and Nagasaki (R)



Atomic Bomb Survivors

• An in-depth follow-up study of mortality in the study 
population of 120,000 persons who survived the bombings 
of Hiroshima and Nagasaki has continued since 1950

• Follow-up studies also have been conducted on in-utero-
exposed persons and first-generation offspring of the 
survivors. 

• Radiation effects: leukemia, tumors, cataracts, thyroid 
disease, growth delay

• No evidence of genetic effects in children of A-bomb 
survivors



British Doctor’s Study

• Follow-up to initial observations and circumstantial evidence that 
smoking may be bad for health

• In October 1951, the researchers wrote to all registered physicians in 
the United Kingdom and recruited, 40,701 participants.

• No further cohorts were recruited. Because of the limited sample 
size females were excluded from most analyses.

• 1956: tobacco linked to lung cancer
• Study demonstrated relevance of epidemiology and statistics in questions 

of public health



50 year follow-up
Doll et al., 2004



Generalizability

• Do the results from the Framingham Heart study apply to 
the entire US population? The population of California? A 
population of adults living in South America?

• Do the results from the Japanese-atomic bomb survivor 
study apply to X-ray technicians working in hospitals 
today? To Japanese-Americans living in Honolulu?



Cohort Studies 



Study Design

• A cohort study tracks two or more groups forward 
from exposure to outcome

• Selects a group of exposed and unexposed individuals 
and follows them over time for development of the 
outcome of interest

Note:
Participants must be disease-free 
at the start of a cohort study (for 
your outcome of interest)



Marching Toward Outcomes

The term cohort has military, not medical, roots. A cohort was a 300–600-man unit in 
the Roman army. A cohort study consists of bands or groups of persons marching 

forward in time from an exposure to one or more outcomes. 

(Grimes et al., 2003)



Selecting a study population

Study population = exposed group + unexposed group

1. Based on exposure status



2. Based on a defined population (eg., geography, occupation) 



Types of Cohort Studies

1. Prospective

2. Retrospective

3. Ambispective

Differ with respect to the 
timing of data collection 
but the study design is 

still the same



Prospective Cohort Study

• Investigator identifies a 
study cohort

• Data on individual 
exposure status 
collected at start 
(baseline) and updated 
during the study

• Exposure groups 
followed over time for 
development of disease



Retrospective Cohort Study

• Historical records used to identify cohort and obtain 
data on individual exposure status
• Hospital records, administrative data



Comparison
• Design for both prospective and 

retrospective studies is the same
• Comparing outcomes in exposed 

versus unexposed group

• ONLY difference is calendar time
• Prospective cohort design: 

exposure ascertained as it occurs 
during follow-up; participants 
followed over time to see who 
develops disease/outcome

• Retrospective cohort design: 
exposure is ascertained from past 
records and outcome is ascertained 
in present day



Comparing Cohort Studies



Ambispective Cohort Study

• Also known as bidirectional cohort study design

• Mixture of prospective and retrospective studies



Strengths of Cohort Studies

• Establish temporal order between exposure and disease 
(evidence of causality)

• Can study multiple outcomes

• Useful for rare exposures

• Direct calculation of incidence in exposed and unexposed 
group which allows for calculation of risk difference/ratios



Weaknesses of Cohort Studies

• Costly and time-consuming

• Losses to follow-up

• Inefficient for rare diseases

• Requires large study population 



Using cohort studies

• When sufficient evidence exists to suggest and 
association between disease and exposure
• Exposure must be worth investigating

• When there is a reasonable latency period between 
exposure and development of disease

• When there are opportunities to minimize losses to 
follow-up



Example: Prenatal exposures 
and Parkinson’s Disease



Cohort Studies vs. RCTs

Rochon et al., 2005



Compare readings
RCT and cohort study



PICO
Population, intervention (exposure), comparison, outcome



RCT: flow diagram

Also called a CONSORT diagram

CONSORT
http://www.consort-statement.org/

-25 item checklist for reporting of RCT

http://www.consort-statement.org/


Measuring Exposures and 
Outcomes



Exposures

Time-fixed
• Exposure stays constant over time 
• Genotype, sex, birth-weight, environmental exposure
• Once you’re exposed, you can’t get ‘un-exposed’

Time-varying
• Exposure status changes over time
• Health behaviours, medication use, employment status
• Can transition between exposed and unexposed groups



Time-fixed variables

All person time for an individual is categorized as either exposed 
or unexposed



Time-varying variables 

Exposure status can vary within individuals according to 
their actual levels of exposures



Measuring Exposure
• Not always an easy or straightforward task
• Especially for time-varying exposures with cumulative 

effects

20001900 1921 1941 1987 1990

Born Smoking
Initiation

Quit
Smoking

Resume
Smoking

Death



Exposure Metrics

• Current value

• Threshold reached (ever/never)

• Cumulative amount

• Average amount (packs/day)

• Time since initiation

• Exposure during specific time window

• Lagged values (to allow for latency period)



Measuring Outcomes

• Different types:
1. Non-repeatable events (e.g., birth, death, first MI)
2. Repeatable events (e.g., influenza, pregnancy)
3. Percent change/level of biomarker (e.g., CD4 count, 

cortisol levels). 



Time-Scales

Often we are interested in not only whether an event occurs, 
but also when it occurs 

Origin
(t=0)

Time (t)

Patient 1 Patient 2



Time Scales and Origins

Time Scale Origin

Age Birthdate (or year)

Calendar time Calendar date (or year)

Time in study Start of follow-up

Time at risk Start of relevant exposure 
(e.g., smoking, pregnancy)

Time scale and origin chosen depend on the objective of study



Analyzing Cohort Data



Effect Estimates

From a cohort study we can calculate:
• Risk Ratios
• Risk Differences
• Rate Ratios
• Rate Differences
• Odds Ratios



Risk in the exposed group= 84/3000 = 0.028 (28.0 per 1000)

Risk in the unexposed group = 87/5000= 0.0174  (17.4 per 1000)

What is the risk ratio? = 0.028-0.0174= 1.61

What is the risk difference?= 0.028-0.0174= 0.0106

What is the odds ratio? = (84*4913)/(87*2916)= 1.63

Assuming zero losses to follow-up and drop out, what would the rate ratio and 
rate difference be? 

Would be equal to the risk ratio and risk difference because total number of 
individuals = person time contribution if zero losses or drop-outs



Survival & Mortality

Survival is the complement of mortality
P= 1-q



Survival Analysis

• Want to compare average disease risk in exposed and 
unexposed groups but there are losses to follow-up

• When follow-up is long, need to account for losses to follow-up 
(e.g., withdrawals from study)
• Moving away
• No longer want to participate
• Not able to participate any longer- proxies?

• Survival analysis is a set of analytic techniques that explicitly 
accounts for losses to follow-up



Kaplan Meier (KM) Method 

• See text p. 134

• Method for examining survival over time in a cohort

• Rather than using pre-determined intervals (1 yr, 5 yr
etc.) as with lifetables, calculate survival probabilities 
each time a death occurs

• If exact death times are available, KM makes the best 
use of available data



Kaplan-Meier 

• Uses exact times that events occurs rather than time intervals

• Identify the exact point in time when each death occurred so 
that each death terminates the previous interval and a new 
interval (= new row in KM table)  is started

• The number of persons who died at that point is used as the 
numerator, and the number alive up to that point (including 
those who died at that time point) is used as the denominator, 

• Any withdrawals that occurred before that point are 
subtracted.



Kaplan MeierLife Tables



General Idea

1. Split up observation time into risk sets

2. For each risk set, calculate probability of survival among only 
those individuals in the risk set 

P= conditional survival probability

3. Then at each time, t:
• Estimate cumulative survival, CS(t) = P1 x P2 x P3 …x Pt

• Cumulative incidence, CI(t)



KM Example 



KM Example 



KM Graphs



KM Textbook Example (p.134)

• Six patients were studied, of 
whom four died and two were 
lost to follow-up 
(“withdrawals”). 

• The deaths occurred at 4, 10, 
14, and 24 months after 
enrollment in the study.



Calculating survival via KM

Cumulative survival proportion
Row 1: 1-0.167= 0.833
Row 2: 0.833*0.750= p1*p2= 
Row 3: 0.625*0.667= p1*p2*p3=
Row 4: 0.417*0.000= p1*p2*p3*p4=

(p)



KM Function
Graph of the cumulative survival probability

• Stepwise function

• After the drop in survival that accompanies each death, survival remains 
constant until the next death occurs



Survival Analysis

• Target of inference: amount of time from an origin to 
the event

• Sometimes called time-to-event analysis

• Requires investigators to choose a time-axis and origin 
(t=0) as a common start to follow-up for all subjects

• Assumes that given enough time (and no competing 
risks), the event of interest will eventually occur



Hazard ratios

• Measure of association used in time to event analyses

• Hazard= Represents the instantaneous incidence rate at time t 
conditional on not having experienced the event yet 

• Hazard ratio= ratio of two hazards (e.g., hazard in exposed 
group/hazard in unexposed group)

• In contrast to KM, the hazard rate cannot be calculated by 
hand, because it is defined for an infinitely small time interval, 
but the hazard function over time can be estimated using  
statistical modeling techniques


