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Definition of cohort studies in public health

epidemiology

• The group or groups of persons to be studied

are defined in terms of characteristics

manifest prior to the appearance of the

disease under investigation

• The study group so defined are observed over

a period of time to determine the frequency of

disease among them

Cohort design
Retrospective historical in terms of

a timing of events or
b data collection

Cohort is enumerated some time in the past and
followed over historical time to today

time offollow up long 20 40 years often extends
across decades
cohort can be large ie 10,000 members

But how do we
reconstruct the cohort who belongs into the cohort

Obtain exposure and outcome information

• Note a hlstorical cohort is often restricted to investigations of fatal disease

why

Table 1 Validity for etiologic inference according

to study designs

Validity ranking Types of study design

Highest Randomized clinical trial

Prospective cohort study

Retrospective cohort study

Nested case control study

Time series analysis

Crosssectional study

Ecologic study

Cluster analysis

Case study

Lowest Anecdote

Source Kunlli t • I Tbt SemlndMClua Stumm Air pplhr1190 fptdITIm AVf hd pq1gn 111 Csvnp uert rg fGOl Pi'i

HP11197,105 10

Cohort studies

Simplistic description

• A cause looking for a disease

• versus case control study A disease

looking for a cause

Cohort design
Prospective in terms of

a timing of events or

b data collected

This design is best to be used for

short term common health outcomes eg for

physiological changes blood pressure and noise

acute neurotoxic effects OP pesticides

pulmonary function cotton dust

skin rashes irritants eg solvents metals

injuries

allergic reactions asthma attacks

prospective medical surveillance
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Cohort design
Prospective or retrospective in terms of

a timing of events or

b data collected

The major issue we want to convey is whether

disease status could have influenced exposure

measurement information such as via recall of

exposure by a diseased subject

Note that retrospective often is considered a less

reliable design thus be clear about how you

use this term

Causal Inferences in Cohort Studies

S1r ce t e only sine qua non ca Jsal c 1 te ria slates that a cause precedes

its effect ii s logical to start with the exposure and rollow exoosed people

forwa d in time la study the occurrence of the heai endpoJrt o i1ees

This was hardly done prospectively before the Framlngham c ihcrt sti dy

baseline 1948 too expensive too time consuming

A cohort study is a logical design to study determinants of the changes

from not having a disease to having a disease The study can guarantee

hat exposure precedes the onset of clinical diagnosis but perhaps nnt e

real onset of pathological changes

Exernple Does coffee drinking tngger myocarciial infarction Ml

Coee Coffee

Coiorl entry high Angina low

Coffee

ons mpt ion

high

Coffee

Ml very

low
Se cone

Mlideath

Life course perspective

cn ceptio l

Mutations cell

transformations

birth

Leukemia or

Garciroma in siu

eg tesis cancer

Differenl causal co1T 4Jonents may be operating

adult

Seconc eel

arsformatlon umor

growth

Note ncany chcrts recruit at entry only few of these eligible cf all

eligible often nt known

• Nhat is the impact on internal validity and external validity

Cohort study examples

CJtCiJf li nated group of individuals wnc ae followed or traced over a

Historically

John Snow Cholera in Lwao i 1BSA

Pa iul 1 fyieasies en the Fa• ve tslands 1S46

More recent

Frarrng l iarP car iovasc lar dseases N S209 li arnc1ai exams meoical

records and dettths info

Srl'sn actors smoing and lung carler ai ng 3 its doci crs N 34.439

a e 3rist doctors ir j51 co

garB1ooroeea lr gi
at 2 OSilals across the Uteo StatesNses l teal 1 Study esta ilsne i r 976 fro'J1 ferale LS egiste ed Jrses

ages 3055 years ho respo Ced tc a T'aJed q es ionnaire Jal inqui ed

acu si act xs for cancer arC hea cisease t 121 CJ

1 l'v ccho s 1984 20C5 1 Jtt ce n e AIDS Cio1 SudJ N 4.955

11crroseX1 at e'l w io 10 ltee ed r aat1rr cre Cicago Los Angeles and

i tsbJ J

tP stic ca icer

Califor iia Tea lers Cmot 125,000 in 955 Bre2st ca Br

Anc any r iorB

Experimental vs Observational Studies
Why not conduct a randomized trial

Trials

• cannot obtain evidence for harmful agents and

sometimes for beneficial ones as well

• deal by nature with very selected populations

• not practical for

rare outcomes we vould exoe t only 50200 l Jng or cori

car cers and 6 Parfrinson's cases per• 00,000 perscn years cs observal on in

nest working age coh o1s

long follow up times that allow for latency

effects that occur late in disease progression

• focus on one or several specific doses only

expensive to conduct

Cohort studies recruitment

Recruitment to the cohort may be mandatory automatic

All io public registers mortality births deaths cancer without

informed consent

Occupational cohorts using employment data from occupalional plants

assess exp sures etrspective l yfrorn records ard outcomes from registers

NOTE cohorts using primary data i e collected during for

the investigation are usually based upon informed consent

Examples

via General Practitioner eg Danish National Birth Cohort

Letters eg to members cf an organization British doctors

CA Teachers Nurses Health Study Harvard Alumni

Advertisements eg people with a given disease

Local community ALSPAC Framingham

Visitors tc a webs te

Participapts in LA Marathon
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TABLE 1

Cohort studies follow up

Compliance to follow up procedures

frequent contacts needed

Are health benefit incentives given

Recording of endpoints

rely on diagnoses made by the health care system

repeated measurements necessary

Changes in other determinants covariates

questionnaires

interviews

measurements

Participation is voluntary participants are free to leave the

cohort at any point in time

right to remove data from the study

T
YPof outcorn• In cohort m

o
rbidity a 1•

c M19lnlt

Short day•

Revertible Aothm attack CoOHlvftlun tion FEV,•

Tnndonib TompolDl'f duethold
Contact dermatitis

Cnvwn mle Asthma dagnoli• Annual chanQ4I in FEV
1

Spon1aneous abortion

Ampu aJon

long Hrs
Rewr iblo Chroric bronchlUs Spenn COi iii

Endomelriotis Blood pNlHUl 9

COlpOllUMeloynlrnawraibaesa Naiso inducoa h•mina
Myocardial infart lion

lnlorlility Hepalicfibroais

•FEV
1

forced upimtory wlume in 1 second

Source Checkoway Hand Ersen EA Developments in Occupalional Cohort Studies Ep1dem1oiogrc

Reviews 1998 201

104 Research Methods in Occupational Epidemiology

I
Followup Disease

No disease

Source

population

Non expos d

Remove

existing

prevalent

cases of

disease

Follow up
Disease

No disease

T0 T1

Follow up Time End of

Begins Follow up

Figure 5 1 Flow diagram of cohon study design

TABLE 1 fypas of outcomes tor cohort

Discrete events

Slngla
M 1aCily

Arst oCcurrence of a disease or health related outcome

Incidence donsl y
Cumulalfva Incidence risk

Ralioo fonoidence density end oumulaUve Incidence

Mi itlple occurnrM os

Ofdls08Aouteom•

or tran ttlons between states of heallh dlsaase

Of transftians betwaan funciior'la stataa

Level of a marker fGr cfiseas1e or state o1 heallh

Change in a fmctionaJphysiologlclbiochemlcallanatomlc marker f Or disease or haallh

Rate of change

Pattems of growth and or decUne

Tracking of markers of disaaselhea lh

Change in level with time age

Source Tager 18 Outcomes 1n cohort studies Ep1demiclogic Reviews 1998 201

or

Cohort Entry Definitions
Entry to a cohort can be defined at a fixed point in time

• All subjects are selected at a given point range in time eg
from a registry of a type of people

All atomic bomb survivors in Japan on Jan 1st 1950 living in

Nagasaki and Hiroshima

European Prospective Investigation into Cancer and Nutrition

EPIC a multicentre prospective cohort study in 23 study

centers in ten European countries

• Eg in Germany recruilment was based on a random

sample of subjects in targeted age range women aged

35 65 men 40 65 from population registers between

1994 and 1998

participation rate was 38.5 i e observed cohort is a

selfselected subgroup of the underlying population

subjects enter the cohort at different points in time eg all

inhabitants of Framingham MA that reach a certain age

Cohort Exit Definitions

Subjects can be follow up

until a fixed point in calendar time end of study
note some subjects are observed for a shorter timei e due

• incidence of the disease under investigations

• death

migration or

• loss of followup

or as long as they are

employed

live in the city

have the exposure are right censored when this changes eg use of

a certain type of medication
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Study Design Overview

Identifying Diseased Subjects in a Population

i hf

I o
1960

rieallhy SLibjecl

Dseased Subject

Slart of Disease

37C 1975 9SJ

Time

Cohort studies exposure assessment

Exposures can be lagged i e exclude exposure during

tirr e irrelevant for the disease

Eg exposure too close to disease onset

Exposure contrast

Generaly we like to examine as large an exposure contras
as possible thus we want to esablish a cohort with

different exposure eve s eg workers in a copper smelter

compared to the general population

Select the nonexposed subjects as close to the

counterfactual ideal as possible

Non expase i subjects shculd have the same disease risk as the

exposed had they not been exposed

Start of follow up in a cohort study

hire date er fixed

timedate after

hiring

first monitoring

date eg
radiation

monitoring blood

lead rconitcring

fixed date such
as Jan 1970

Or

Cohort studies exposure assessment
Exposure may have started a a given point in timeE at base ne er any other rpeasurB ent poir l

3
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Summary Cohort Studies

Select nonexposed as close to the counteriactual ideal

as possible

Non exposed should have the same disease risk as the exposed
had they not been exposed

Recruitment to the cohort

based upon inforrred consent if primary data are collected

Without informed consent if all are followed in public registers

mortality births deaths

Historical cohorts eg use existing data but need not be
retrospective

Disadvantages of the cohort method

Large numbers of subjects required thus low

feasibility to study rare diseases

Relatively expensive to conduct

• Potentially long duration for followup necessary

• Exposures may change making findings

irrelevant unless the exposure assessment is

adapted

• Maintaining followup may be difficult

• The cohort is generally not representative of the

general population

Summary Cohort Studies

Generally most accepted in scientific community

Include the entire available study population

Most similarto standard experimental strategies

determine rather than apply a toxin or preventative agent

among subjects disease free at baseline

follow up subjects over time

observe adverse or positive health effects in exposed and
non exposed subjects

The goal is to estimate the risk of various or one disease s among the

exposed subjects relative lo the background risk experienced by

comparable unexposed persons

comparable refers to the exchangeability assumption or

counterfactual

what would have happened to this group of exposed subjects if

they had NOT been exposed

Advantages of the cohort

method
In principle can provide a complete description of

experience of cohort members subsequent to

exposure including rates of progression to and staging

of disease and natural history of disease

Allows study of multiple potential effects of a given
exposure thereby obtaining information on potential

benefits as well as risks

Allows for the calculation of rates of disease in

exposed and unexposed individuals and time to event

Permits flexibility in choosing variables to be
systematically recorded

Allows for thorough quality control in measurement of

study variables not in historical cohort studies though

Example The Agricultural

Health Study Cohort AHS
• Collaborative effort to study the

effects of pesticide exposures

among farmers

National Cancer Society NCI

National Institute of Environmental

Health Sciences NIEHS

US Environmental Protection

Agency EPA

httpaghealth nci nih gov
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The AHS Cohort study

Retro and prospective data collection

Phase I initia l cohort recruit ent 994 1997

89,658

private pest'c de app cators and

spouses cf pri'mte appi i ca ms and

co rrercial pesticide apilicatcrs

Recru ted at Iowa and Nortr Garo!• sta e pescide appli cab l i censi g failities

Each oesticide acpllcator asled lo ccr i i ele a 21page enrJ lme11l quest1 inraire

a Derrog apriic Cata

b Pest ides used 50 ies icl1es c f'ler pes cide related qestiocs

c Lifestyle i e smoking alcohol vegetable ald fruit consumption

ci Brief medical histc

e fWVl y histcry cf career idr ey falt re dabetes and ea't cSease

r Farm exp sures other an i esUc des no in ccmrnercial pestic de appliaor ve•son

g ersa deni ers spct ose iaen i ers ch idrer ideritifers

Fari ler appl ators comple ing th e er ro11 ent iuestonnaire are give1 hree ta 1e home
auest onna res scarrable for

the ai licaor li cesing exam taker

siouse ard

ernaie ad am ily heaitr uesonraires

The AHS Cohort

Cancer ald non cancer outcomes
Linkage with

Gar ce registries

ta sat stics

Uited Sta es e na
1 a a System JSRDS

Expos ire data co•lection

i Baseline questiom1alre at li eising exam

A fcllovH ip

te eptiore intevie-.•• s CATI
l food req1 e ncy questi nriai e an

cr eeK eel collectbr

Phase II followup in 1999 2003
Phase Ill followup in 2004 2008

The AHS Cohort

Tabla Composition of Cohort and Data Collecllon Prograss

I

base I r1 Phase II

Complete I In Proaraas 2

Conlllcla Main Qx
6 f 1

I
Completed Admln Collectlon Qx Admln

IPrivale Applicators 52,395 26,575 14,577 I 14,882

ISPOuses 32,347 20,856 12,030 I 13,224

Commercial AnnHca1ors
1

J 4,916 ro • 0 0 I

Total I 89858 47.431 2807 I 28,106

1
Phase II data collection on Commercial Applicators not yet begun

2
Progress through October 12 2001

The AHS Cohort

Take Home Questionnaires

Farmer Applicator Commercial Applicat1r

a Farm exposu1es comprenens ve
b Pesticide i Se •nfo matior i e rrielhoC s of aoplication

adCi kna1 pesiicides used
c Wo K practices iseC curently versus t 10se 1sed 10 years ago

l Oh e JCCL lpational exp sures

e Leisure ard w rl phys cal activity pnysica at rib tes eg
height e g ht eye color s in pi gmentati o ca ego Y
f Dietary and miin g practi es

g t 1ed ical nisory corrprener sjve

f Persor al ideifiers

The AHS Cohort

1 Cohort studies

o All cause and cancer monaiity

l cancer incidence

2 Crosssectional studies

o Using questionnaire da a func ional measJres

biomarkers and GIS

o Eg cross sectionai immunology sudy of atrazine

applicators corn farmers in Iowa

3 Nested case control studies

c High pesticide exposure events

o Parkinson's disease study

4 Exposure assessment and validation studies

The AHS Cohort

Table 2b Pre mnd Post nrollment Prevalent and Incident Malignant

Cancer Cases by Site nnd Phase II Data Collectlon progress 1.2,3
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AgHealth study topics

Cancer mortality and incidence in Applicators and Spouses

Pesticide Exposure Assessment Applicators Spouses and Children

questionnaires

Pesticide Exposure Assessment Field Studies Acute exposures

Biologic and Functional Effects of Chronic Pesticide Exposure

Biomarkers and Molecular Genetics

Injury

Lifestyle and Diet

Non pesticide Exposures Exposure to Animals

Respiratory Disease and Function

Neurological Disease and Function

Reproductive Health Child and Adolescent Health

Autoimmune Disease and Immune Function

Other Non cancer Chronic Disease

Vid D and type 2 diabetes metaanalysis
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Pooling of cohorts

Advantages

Can study rare outcomes

Conduct subgroup analyses for effect measure modifiers

eg sex race etc

Wide geographic distribution allows spread of exposures

• Availability of prospective data stored serum blood

samples can be analyzed by same lab

Disadvantages

Usually no common data elements i e diverse data

collection methods need to be reconciled

Some variables may not have been collected at all how

to handle missing data

i

•

31l'i t r

111 C 10 i

0

li
ll OHr

ll U rV
DA~• Uti

F 0 12 ard or 51udi •P5a rTTJ'llo M altdt 11 111• •dorletllas ng•fl• ll sfN Olol-•ltlbl CI
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l •al rloti9 1 i IAll nl

Ulm

Person time
Incidence Proportion AN A case number Ninitial population size

Person time instead of persons

NT observed rate A observed cases and T persontime units in study group

Poisson model

PrAa exp l'T l Ta
I the rate parameter average rate we would observe if we repeated the study

over and over under the same conditions with the same amount of persontime T

observed each timei e end the followup when we reach T
Note Under the Poisson model AJT is the MLE estimator of I

Immortal person time

The study has a criterion for a minimum of time before a subject is eligible to be

in the study

Eg in occupational cohort studies when workers are required to have worked

for a minimum of xyears All workers who did not work for this length of time

are automatically not enrolled in this cohort and all of those who are could not

be censored prior to 2 years ie could not have died if included in the cohort

This time should not be used to calculate persontime for those included in the

cohort
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gue 34 Exarrp'e of a srna 1 clased population with erd f follo\• i up at 19 years
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Persontime calculations

Table 2.1 Calculation of exact and approximate age and year specific

person years at risk

Point Coordlnatff lye11r age OuinqUinquennlum Person year•

Year Exoct Approltimate

A 1956.03,43.711
1955 1959 40 44 1.29 1.50

B 1957.32 45.00J

c 1960.00,47.68
1955 1959 45 49 2.68 2.00

1960 1964 45 49 2.32 3.00
0 1962.32 50.00

1960 1964 50 54 2.68 2.00E 1965.00 52.68
1965 1969 50 54 2.15 2.50

F 1967.15 54.83

Total 11.12 11.00

• See Figure 2.1

EXAIPLE

Incidence rate ralins IRR for cpilcps amung i hildrcn exposed to preeclampsia or cclampsia

Entire Birt Cctart
Cohort of ch dren without ceretral palsy c• a

IOONAJ ga secret

No of
C ude Adjuslec No cl

Person epi
IR IRR IRR

Pers CT
ep lepsy IR

Adjuslecf IRR

years years 95 C
Ei larc1psia

95Cl fl5 Ci

eposed
17,850,197 19,4d1 1.00 Rof e 551ao3 5,734 94.5 UO Ref

ecla rpsa

MilC 458,558 62 35.2 1.27
1.20

4i8,7E4 485 115.8
1 2C

1.11 1.30 101.32

Severa 78,386 135 172.2 1.54
t 4

68,957 94 136.3
122

o36 313 0.99 1.49

Ediwnpsia 7,672 15 195.5 1.78
35

6,6 4 151.4
1.35

oa2.2 1 0.73 2.52

43.328 49 113.1 1 C4
0.95

40,0C2 42 105.0
1.05

Jrs OC 0.12 1.26 C 771.42

R ill c idctK ruie l IU W lprso ir

8ftt9t OW ANO y

FiJ 3.1 SdM matic diagram ilhnuat1n1 proper and improper mctbodl or aUoailoai of

peraon yeiars X death from caioe of in1crcst 0 withdrawal

04

wiw J

5 9t x 0
x t x

o

10 14o x
0

x 0

Table 3.1

42
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ea 2
28
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28

•Ill
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49

Reanalysis of data by Duck er af showing odgin al versus

revised numbars of expected deaths and SMRs by duration of exposure

and cause of detth

Co'IU HI Dur itim No cf observed No of ep ected 5MR

o1 death ole pooi mi••

fVll iHl

Ortgin• I flovis ad Origf

l
i
l
l R•ind

All causes 014 111 100.92 118.97 110 94

15 25 41.30 24.15 61 104

Total 014 27 25.55 29.93 106 90

cancers 15 8 10.89 6.51 73 123

Digestive 014 7 7.77 9.10 90 77

system 15 4 3.31 1se 121 202
cancers

Lung 014 13 10.73 12.57 121 103
cancer 15 3 4.80 2.96 62 101

f"• on'I Duck 1tr al 1915 Oul!• It C•ner 19EiJ
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Role of Statistical Modeling

Construction of a probability model that explicitly recognizes

the role of chance mechanism in producing some variation in the

rates

i e observed rates are regarded as just one of the many possible

realizations of an underlying random process

Parameters in the model describe systematic effects of

exposure of interest

• confounding variables such as age period length of follow up etc

Estimates of these parameters obtained during the process of fitting

the model serve as summary statistics analogous to SMR or MH
estimates of relative risk

Risk set approach in a cohort study

each subject that enters the cohort at some entry time is at risk

each subject exits the study either as a faHure i e contracting or dying of the

disease of interest or is censored i e is alive at the end of study is lost to

followup or does not contract the disease

associated with each subject is a covariate history fixed or timedependent

includin factors that are known or believed to be related to the rate of the

disease of interest

At each failure a risk set is formed of the size m that included the case

failure at that failure time and all controls i e any other cohort member
who is at risk at the failure time

Note The approach that organizes the cohort data by risk sets leads to data

which looks just like a matched case control study and hence we can use

the conditional logistic likelihood for the analysis

also note the risk sets are not indeQendent i e subjects can be sampled as

controls in multiple risk sets and failures can serve as controls in risk sets

prior to their failure times

Role of Statistical Modeling

Advantage of model fitting over standardization

facilitates simultaneous consideration of several different exposure

variables at risk

estimates of relative risk obtained by model fitting generally have

greater numerical stability than those computed from standardized

rates

Disadvantage of model fitting

parametric specification of the model due to statistical rather than

biological criteria Note epidemiologic data are rarely extensive

enough to allow to discriminate between closely related models

according to model fit criteria

Risk set approach in a cohort study

Confounder control can be achieved by either

• Modeling the effect of the confounder

• Restricting each risk set to those who have

similar or the same confounder values

matching

Note if the matching factors are categorical

this approach corresponds to stratification

in the Cox model

9



Sampling from Risk Sets

Js'k set sampling designs are iritrinsicaily elaed to semiparametic
estimatlor rethocs for pararj leers n the Cox proportiorial hazards mocel

used in t e aralysis of fui cohort Caa

Asa ea risk se of sze m s a subset of tne risk set that contains

e case ard rc1 sar iped controls

e g 1 si npe nested case ccr tml sarrpiir g each risk set cons sts of the

ase and cne co trol rando ly sanipled from al trie controls iri tne risk set

nce or e can se the m1m reat ve efficiency ne for trol saoli'lg versus

0c0o
rf dhPsr r sf9ti ms betweer sngle expas res ao

Thus ve tiave fo 1 case and 4 coritrols or 45B or 80 effidency bi ther

or ne se aria 5 ccntro s 560,83 or 83 power and for 91030 or

90 po ver nws Ne eed to add 4 ccntrcls o gain10 efficier cJ i e dcub e

yor e'forts to increase efficie'l Y oniy s1ignt y it gel worse afte lat ada

aotne r 10 nntrols a1 yoJ gel i 92CQ95 cr iy 5o efficiercy added

10


