
Anne-Marie Nybo Andersen
Department of Public Health
amny@sund.ku.dk

Introduction to 
cohort studies

Hvad hedder det på
dansk?

Statistical methods in 
cohort studies

- Better taught by 
statisticians
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The lecture today

• Principles

• Strenghts and 
weaknesses

• Real life examples
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http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/

The evidence hierarchy
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Which study design?
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Design of cohort studies



Many names…..

COHORT STUDY

follow-up study

prospective study

longitudinal study 



The cohort study

An observational design

Primary identification of the study base

Exposed and un-exposed individuals are followed over 
time

Incidence of outcome (health, disease, behaviour etc.) in 
different exposure groups are compared

At least two time points of measurement
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Types of cohort studies

Prospective cohort

Historical cohort

Ambi-directional cohort

Nested case-control study in cohort



Prospective vs. Historical cohort
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+E

-E

time

time
-E

+E

Prospective cohort

+E

-E

time

time
-E

+E

reseacher reseacher



Take care

Prospective

Retrospective Always think about the 
time in relation to the 
outcome! 

DO NOT use the 
concept/term 
retrospective cohort

When are data 
collected 
retrospectively?



Other cohort designs

Nested case-control study in cohort

Ambi-directional cohort
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Types of cohort studies

Prospective cohort

Historical cohort

Ambi-directional cohort

Nested case-control study in cohort



Types of cohort studies

Cohort studies

Nested case-control study in cohort



Some famous cohort studies 
that changes the world
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EPIC   Established by IARC, 1993-1998 
European Prospective Investigation into Cancer and nutrition



UK biobank
500,000 40-69 year olds from 2006-2010
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Representativity in a cohort study

• Depends on the research question

• Interaction between exposure of interest and a factor 
that is uneven distributed
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Data sources in cohort studies 

Exposures

Questionnaires
Specific information

Potentials for bias

Registries
non-specific

often no selection, cheap

minimal bias

Clinical test
Points of observation

Outcomes

Self reports
Issues about validity

Registries
e.g. causes of death

Hospitalized diseases

Journal files
Specific informations
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The ‘second wave’ birth cohorts

• Oldest:

• ALSPAC 1990-91

• 56 cohorts, 

• more than 500,000 
children

• Great opportunities:

• Large numbers

• Large variation The LifeCycle Project

Department 
of Public 

Health
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Register studies are
most often designed
as cohort studies



Design and interpretations of cohort studies 
(1)

• Are the exposed and the un-exposed group 
comparable (otherwise)?

• How is the exposure determined?
• ’objectively’, proxy, presumed, self report

• Balanced collection of exposure?

Matched cohort designs



Design and interpretations of cohort studies 
(2)

• How is the follow-up?

• Is attrition (non-response) correlated with exposure 
status?

• Is follow-up affected by outcome?

• Is follow-up time appropriate (latency time, induction 
time)?

BIAS in cohort studies



Design and interpretations of cohort studies 
(3)

• How is outcome defined?

• Balanced collection of outcome information?

• Non-participation at baseline and ‘representativity’: 
Not very important for internal validity, however, 
may be for generalisability (external validity)



Can we draw causal inferences from cohort 
studies?

• This is a key question …
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Pro et contra

Advantages

Time relation between 
exposure and outcome

More outcome could 
be investigated 
(important for public 
health!)

Rare exposures

Disadvantages

Large samples sizes for 
rare outcomes

Time consuming

Loss of follow-up



Frequency measures in cohort studies

Population

+E

-E

time

time
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cumulated incidence proportion (=risk) = new events until the time t / number
of persons under risk
IR = incidence rate = new events  / cumulated risk time
Hazards = probability/time unit

RR  =
IR+E / IR-E =

O+E / Obs.time+E
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Association measures in cohort studies

Population

+E

-E

0        1        2        3        4        5        6        7  år

Relative measures
Risk ratio, Rate ratio, Hazard Ratio

Risk difference, Rate difference



Risk ratio for lung cancer is greater than for IHD.  Smokers are 10 times more likely to 

have lung cancer than never-smokers. Smokers are 1.37 times more likely to have IHD 

than never-smokers.

BUT: IHD is a more common cause of death than lung cancer, so the risk difference is 

greater for IHD than lung cancer. For every 100,000 smokers, there will be 94 extra lung 

cancer deaths and 152 extra IHD deaths per year.

Comparison of risk ratio and risk difference

Disease Risk of death 
in smokers 
per 100,000

Risk of death in 
never smokers 
per 100,000

Risk ratio Risk 
difference 
(per 100,000)

Lung cancer 104 10 10.4 94

IHD* 565 413 1.37 152

*Ischaemic heart disease
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‘Famous Danish Cohorts

• HPBS (Østerbro and Herlev Undersøgelserne

• Kost, Kræft, Helbred

• Rigshospitalskohorten

• Projekt Metropolit

• … and more – to fill in

Epi 
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the 
Danish 
National 
Birth 
Cohort
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Rationales for the DNBC (& others BC studies)

Unresolved health problems in childhood in need to be 
studied prospectively
childhood cancers, asthma/allergy, mental health problems, obesity 

etc.

The increased focus on Developmental Origin of Health and 
Disease (Life-course perspectives)

Early life and pregnancy are dangerous life phases
High mortality and morbidity for mother and child,  preterm birth, 

congenital anomalies, IUGR, etc
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DOHaD Developmental Origin of Health and Disease

Early life and 
health in youth, 
adolescence, and 
adulthood

18-year follow-up

• Mental health
• Musculo-

skeletal health

… and it gets only
worse …..
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The basic idea

• To create a data ressource

• with prospectively collected data

• on fetuses/children and their mothers

• And aiming at long-term follow-up

• to be used by all researchers

• with a goal of disease prevention

• for etiologic research in important health problems
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Danish National Birth  Cohort
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• 100.000 conceptions (via 
the mother) 

• Recruited 1996-2002

• Followed through life

• Data collections several 
times during pregnancy, 
and at ½, 1½, 7, 11 and 
18 years (so far)

• All contacts to health care 
systems via register 
linkages

9 months, 
lasting throughout

life….
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One dot for 
each participating woman…

The many participants’ 

dots cleary outline the 

shape of Denmark.

The DNBC truly is a 

nation-wide cohort.
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DNBC: Data as of 2019

Recruited: 100,418 pregnancies in 
91,661 women

CATI  I pregnancy week 12 90,165
CATI II pregnancy week 30) 87,802
Food-Frequency Questionnaire (week 24) 70,183

Maternal blood sample, 1st trimester 98,000 approx
Maternal blood sample, week 25 80,000 approx
Umbilical blood taken at birth 60,000 approx

96,986 children born
CATI III age 6 months 70,296
CATI IV age 18 months 65,264
Postal survey, parent, age 7 years 60,250
Web-based questionnaires, parent and child, age 11 approx. 54%

Continous register-based follow-up in hospital register
Possibilities to link to other population registers
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Medication during pregnancy: Paracetamol
(acetoaminophen)

• No adverse pregnancy 
outcomes, but 
preeclampsia Int J Epidemiol. 2009 

Jun;38(3):706. J Matern Fetal Neonatal Med. 2010 
May;23(5):371. Am J Obstet Gynecol. 
2008;198(2):178

• Cryptorchidism Epidemiology. 

2010 Nov;21(6):779-85

• ADHD like behaviour 
JAMA Pediatr. 2014 Apr;168(4):313-20

• Asthma Rebordosa C et al. Int J 

Epidemiol. 2008 Jun;37(3):583-90
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Emerging scientific questions:
The Q-fever fear epidemic
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‘Dansk kvæg, 2008’
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The nested case-control study

Epi 
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Other examples…..
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Pooling of cohort data
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Life-course cohort studies:
The times are a-changing’
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A PROspective study with RETROspective 
datacollection
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