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Hello and welcome to Module 2 – Fundamentals
of Epidemiology. This presentation will focus on
issues of interpretation in epidemiologic studies.
My name is Jeffrey Bethel, Assistant Professor of
Epidemiology at East Carolina University, Brody
School of Medicine
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There are four objectives for this presentation.
They are to describe the key features of
information and selection bias; identify the ways
selection and information bias can be minimized
or avoided; Implement the methods for
assessing and controlling confounding; and
identify uses of the Surgeon General’s Guidelines

for establishing causality.
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Slide 4: Hierarchy of Study Designs
The goal of public health as well as clinical
medicine is to modify the natural history of
disease, to decrease morbidity and mortality. So
how do researchers and public health
practitioners do this? They carry out formal
studies to identify risk factors for various
diseases or other health outcomes. So here is an
informative figure showing the hierarchy of various epidemiologic study designs. The
goal of all these studies is the same and that is to identify exposures or characteristics
that are associated with disease or other health related outcomes.
Smith, AH. The Epidemiologic Research Sequence. 1984
Smith, AH. The Epidemiologic Research Sequence. 1984
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Here is a figure depicting this goal of linking
exposures to outcomes. The result of these
formal epidemiologic studies is observed
associations. That is associations between
exposures or characteristics and diseases or
outcomes.

Slide 6: Linking Exposure to Outcome
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After the study is carried out, and a disease is
linked to an exposure or outcome, you need to
ask if the observed association is biased
confounding or causal. We’re going to go
through each one of these items individually.
And we’re going to start with bias first.
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Slide 7: Bias
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So bias is any systematic error in the design,
conduct, or analysis of a study that results in a
mistaken estimate of an exposure’s effect on the
risk of disease.

Slide 8: Bias
Now these errors or bias can make it appear as if
an exposure is associated with an outcome when
the exposure and the outcome are really not
associated. That is also thought of as biasing
away from the null. The errors in the bias can
also mask an association where there really is an
association. And that is called biasing towards
the null. There really is an association however a bias estimate makes it appear as
though there is no association. As we talked about in the definition of bias, bias is
primarily introduced by the investigators or participants, in the design, conduct, or
analysis of the study. And we’re going to talk about two forms of bias in a study;
selection and information bias.
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Slide 9: Selection Bias
Selection bias occurs when the methods that
investigators use to identify study participants
results in a mistaken estimate. That is the
 Systematic
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ormore
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of
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estimate that investigators generate is different
thestudy
studygroups
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tobe
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compared
than what would have been obtained from the
entire population targeted for the study. Again
this gets back to a systematic error made by the
investigators. Specifically the error was made in selecting one or more of the study
groups that are being compared in the epidemiologic study.
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Slide 10: Selection Bias Example
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And we’re going to talk about four types of
selection bias. Control selection bias, selfselection bias, differential referral, surveillance,
or diagnosis bias, and loss to follow-up.

Slide 11: Selection Bias in a Case-Control Study
Now here is an example in which selection bias
may occur in a case-control study. Specifically
Pap
100
100
PapSmear
Smear
100
100
control selection bias. So the research question
No
NoPap
Pap
150
150
150
150
Smear
Smear
was, do Pap smears prevent cervical cancer? So
Total
250
250
Total
250
250
in this study cases were diagnosed at a city
OR
OR== (100
(100xx150)
150)//(100
(100xx50)
50)==1.0
1.0 There
Thereisisno
noassociation
associationbetween
betweenPap
Pap
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smearsand
andrisk
riskofofcervical
cervicalcancer
cancer(40%
(40%ofofcases
casesand
and40%
40%ofofcontrols
controlshad
had
Pap
smears)
Pap smears)
hospital. Controls were randomly sampled from
households in the same city by canvassing the
neighborhood on foot. So here was the observed association. Here are the data from
that hypothetical study. Women who were cases and controls, and women who
received Pap smears and no Pap smears. So 250 cases, 250 controls, 100 of the cases
received a Pap smear and 100 of the controls received a Pap smear. The resulting odds
ratio was 1.0. That is there is no association between Pap smears and risk of cervical
cancer.
Question:
Question:Do
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Papsmears
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cervicalcancer?
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Slide 12: Selection Bias in a Case-Control Study
However, cases came from the hospital and
controls from the neighborhood around the
Now
Nowfor
forthe
thebias:
bias: Only
Onlycontrols
controlswho
whowere
wereatathome
home
during
hospital. So here is where the bias comes in.
duringrecruitment
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forthe
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actuallyincluded
included
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study.Women
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and
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tohave
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andPap
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smears.
Therefore,
Therefore,being
beingincluded
includedininthe
thestudy
studyas
asaacontrol
controlisis
not
notindependent
independentof
ofthe
theexposure.
exposure.
recruitment for the study were actually involved
in the study. Now these controls who were
home while the neighborhoods were being
canvassed were less likely to work and less likely to have regular checkups and Pap
smears. Therefore, inclusion in the study as a control was not independent of the
exposure. That is that being included in the study as a control was dependent on the
exposure, in that case Pap smear.
Recall:
Recall:Cases
Casesfrom
fromthe
thehospital
hospitaland
andcontrols
controlscome
comefrom
from
the
theneighborhood
neighborhoodaround
aroundthe
thehospital
hospital
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Slide 13: Selection Bias in a Case-Control Study
So here are the data for the true relationship.
Cases
Controls
Again, 250 cases, 250 controls. 100 of the cases
Cases
Controls
Pap
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100
150
received a Pap smear, 150 of the controls
No
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Smear
Smear
received a Pap smear. The resulting odds ratio is
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0.44. That is there is a 56% reduced risk of
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cervical cancer among women who received a
Pap smear. This is the true relationship. This is
the unbiased estimate. The odds ratio of 1.0 was the biased estimate.
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Slide 14: Selection Bias in a Case-Control Study
Another form of selection bias is self-selection
bias. This occurs when refusal or non-response
 e.g.
e.g.ififexposed
exposedcases
casesare
aremore/less
more/lesslikely
likelytotoparticipate
participate
than
thanparticipants
participantsininother
othercategories
categories
to being included in the study is related to both
 Best
Bestway
wayto
toavoid
avoidisisto
toobtain
obtainhigh
highparticipation
participationrates
rates
the exposure and the disease. For example, if
exposed cases were more or less likely to
participate than participants in the other
categories that can result in self-selection bias.
The people, either cases or controls, were more or less likely to participate. Now the
best way to avoid self-selection bias is to maintain high participation rates in all groups or
categories of participants in the study.
 Refusal
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ornonresponse
nonresponseby
byparticipants
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thatisis

related
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Slide 15: Selection Bias in a Case-Control Study
Now here is differential surveillance, diagnosis or
 CC
referral bias. So here is an example related to
CCstudy:
study:venous
venousthromboembolism
thromboembolism(VT)
(VT)and
andoral
oral
contraceptive
contraceptive(OC)
(OC)use
use
exposure. In a case-control study looking at
 Cases:
Cases:20-44
20-44yo,
yo,hospitalized
hospitalizedfor
forVT
VT
 Controls:
Controls:20-44
20-44yo,
yo,hospitalized
hospitalizedfor
foracute
acuteillness
illnessor
or
venous thromboembolism (VT) and oral
elective
electivesurgery
surgeryatatsame
samehospitals
hospitals
 Result:
Result: OR
OR==10.2
10.2
contraceptive (OC) use, cases were 20-44 year
old women hospitalized for VT. Controls were
the same age group hospitalized for acute illness
or elective surgery at the same hospitals. In this instance hospital controls were used.
The resulting odds ratio from this study was 10.2. That is OC use was highly associated
with venous thromboembolism.
 Example
Examplerelated
relatedto
toexposure
exposure
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Slide 16: Selection Bias in a Case-Control Study
However, authors acknowledged that this high
odds ratio might be due to the bias in criteria for
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hospital admission. That is who was admitted.
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symptomatic
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nottaking
takingOC
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Therefore there was a tendency to hospitalize
patients based on exposure status of oral
contraceptive use and that led to a stronger
association between VT and OC than what truly existed.
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Slide 17: Selection Bias in a Cohort Study
Here’s an example in the form of selection bias in
a cohort study that is loss to follow-up. One
 HIV
incidence
rates
(IR)
range
from
0
to
2.96
per
100
HIV incidence rates (IR) range from 0 to 2.96 per 100
study compared HIV incidence rates among IV
person-years
person-years(py)
(py)
 Well
below
IR
in
NYC
from
late
70s
and
early
80s
(13
drug users (IVDU) in New York City during a six
Well below IR in NYC from late 70s and early 80s (13
per
per100
100py)
py)to
tomid
mid80s
80sand
andearly
early90s
90s(4.4
(4.4per
per100
100py)
py)
year period using 10 incidence studies. The HIV
 Resulted
Resultedininfunding
fundingcuts
cutsto
todrug
drugtreatment
treatmentand
and
prevention
preventionprograms
programs
rates ranged from 0 to 2.96 per 100 personyears. And these were well below the incidence
rates in NYC from the late 70s and early 80s to mid-80s and the early 90s. Now this study
resulted in funding cuts to drug treatment and prevention programs because this study
showed that HIV incidence rates were much lower than they were in the 70s and 80s.
 Compared
ComparedHIV
HIVincidence
incidencerates
ratesamong
amongIVDU
IVDUininNYC
NYC
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from1992-97
1992-97through
through10
10incidence
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to
previous
previousyears
years

Slide 18: Selection in a Cohort Study
Now the question is was this decline in HIV
incidence rates real? Closer inspection of these
95%
95%
 Only
2
reported
>80%
Only 2 reported >80%
10 individual cohort studies found that follow-up
 Sample
Samplesize
sizeranged
rangedfrom
from96
96to
to1,671
1,671
rates ranged from 36% to 95% and only 2 of the
Solution:
Solution:minimize
minimizeloss
lossto
tofollow-up
follow-up
10 had follow-up rates greater than 80%. As we
know, loss to follow-up can introduce bias into
the study. In this case only 2 of the 10 had a high
follow-up rate. Also, sample sizes ranged from 96 to 1,671 in these 10 studies. Now the
solution to loss to follow-up is to simply minimize loss to follow-up. That involves
implementing methods and procedures in your study design to minimize loss to followup. You could maintain accurate contact information for the participants, and contact
information for people who will know where your participants are so as you do not lose
them.
 Was
Wasdecline
declinereal?
real?

 Follow-up
Follow-uprates
ratesinin10
10cohorts
cohortsranged
rangedfrom
from36%
36%to
to
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Slide 19: Selection Bias – Can We Fix It?
So selection bias, can we fix it? Can we do
anything about it? The simple answer is no, you
 For
Forexample
example
simply need to put in measures into your design
 Use
Usethe
thesame
samecriteria
criteriafor
forselecting
selectingcases
casesand
andcontrols
controls
 Obtaining
Obtainingall
allrelevant
relevantparticipant
participantrecords
records
and conduct the study to avoid it in the first
 Obtaining
Obtaininghigh
highparticipation
participationrates
rates
 Taking
in
account
diagnostic
and
referral
patterns
of
Taking in account diagnostic and referral patterns of
place. For example you need to use the same
disease
disease
criteria for selecting cases and controls. Obtain
all relevant participant records. That is, maintain
complete data on everyone. Obtain high participation rates. That is, minimize loss to
follow-up. And you need to take into account diagnostic and referral patterns of the
disease of interest, or the diseases that you are using for your hospital controls.
 No
No––need
needto
toavoid
avoidititwhen
whenyou
youdesign
designand
andconduct
conductthe
the

study
study

Slide 20: Information Bias
The second major type of bias we’re going to talk
about is information bias. That arises when from
a systematic difference in the way that exposure
 Occurs
Occursininprospective
prospectiveand
andretrospective
retrospectivestudies
studies
 Includes
Includesrecall
recallbias
biasand
andinterviewer
interviewerbias
bias
or outcome is measured between various groups
under investigation. Just like selection bias,
information bias can bias your results towards or
away from the null. That is, mask an apparent
association or create a spurious one. Information bias can occur in prospective as well as
retrospective studies. And the two types we’re going to talk about include recall and
interviewer bias.
 Arises
Arisesfrom
fromaasystematic
systematicdifference
differenceininthe
theway
waythat
that

exposure
exposureor
oroutcome
outcomeisismeasured
measuredbetween
betweengroups
groups
 Can
Canbias
biastowards
towardsor
oraway
awayfrom
fromthe
thenull
null

Slide 21: Recall Bias in a Case-Control Study
Here’s an example of recall bias in a case-control
 Controls:
study. In this example it is a case control study
Controls: healthy
healthyinfants
infants
 Cases:
Cases: malformed
malformedinfants
infants
examining birth defects. Controls in this study
 Exposure
Exposuredata
datacollected
collectedatatpostpartum
postpartuminterviews
interviews
with
infants’
mothers
were healthy infants. Cases were infants with
with infants’ mothers
 Controls
or
cases
may
have
underreported
exposure,
Controls or cases may have underreported exposure,
birth defects. Exposure data was collected at
depending
dependingon
onnature
natureof
ofexposure
exposure
postpartum interviews with the infants’ mothers.
Now in this situation there could be a differential
level in the accuracy of the information provided by the cases and controls which could
result in an over or underestimate of the measure of association. So the data collected
from the cases could be more accurate than the data collected from the controls. That is
the mothers of the cases have been pouring over their brains for the history of various
exposures during pregnancy which may have contributed to their infants being
malformed. Whereas controls, they have healthy infants, they haven’t really spent a lot
of time reviewing their history during pregnancy. Or conversely, cases may underreport
 Case-control
Case-controlstudy
studyof
ofbirth
birthdefects
defects

Page 7

Module 2: Fundamentals of Epidemiology – Issues of Interpretation

Transcript
their history particularly if it is a socially sensitive exposure such as alcohol consumption
during pregnancy.

Slide 22: Methods to Minimize Recall Bias
Now what are the methods to minimize recall
bias? In the context of a case-control study you
 Design
Designstructured
structuredquestionnaire
questionnaire
 Use
self-administered
questionnaire
Use self-administered questionnaire
could use a diseased control group. So as the
 Use
Usebiological
biologicalmeasurements
measurements
participants in the diseased control group have
 Mask
Maskparticipants
participantsto
tostudy
studyhypotheses
hypotheses
some disease unrelated to the outcome of
interest could also be pouring over their history of
exposures. You could use and design a structured
questionnaire. You could use a self-administered questionnaire so as to make it easier
for participants to recall sensitive exposures such as consuming alcohol or smoking
during pregnancy. You could bypass the participant in terms of self-report and use
biological measurements. It is tough to get around socially sensitive exposures. And
lastly you could mask the participants to the study hypotheses. So as to illicit more
accurate information from the study participants.
 Select
Selectdiseased
diseasedcontrol
controlgroup
group

Slide 23: Interviewer Bias
The second type of information bias we’re going
to talk about is interviewer bias. That results
from a systematic difference in soliciting,
recording, and interpreting of data collected
during a study. In a case-control study this could
occur when exposure information is sought or
collected differently between cases and controls.
In a cohort study, outcome or disease information is collected differently between the
exposed and unexposed individuals. There is a simple solution to this and that is to
simply mask the interviewers or the people collecting the data as to the disease status or
exposure status of the participants. You can also use standardized questionnaires or
standardized methods of outcome or exposure ascertainment.
 Systematic
Systematicdifference
differenceininsoliciting,
soliciting,recording,
recording,

interpreting
interpretinginformation
information
 Case-control
Case-controlstudy:
study:exposure
exposureinformation
informationisissought
sought
when
whenoutcome
outcomeisisknown
known
 Cohort
Cohortstudy:
study:outcome
outcomeinformation
informationisissought
soughtwhen
when
exposure
exposureisisknown
known
 Solutions:
Solutions: Mask
Maskinterviewers,
interviewers,use
usestandardized
standardized
questionnaires
questionnairesor
orstandardized
standardizedmethods
methodsof
ofoutcome
outcome
(or
exposure)
ascertainment
(or exposure) ascertainment
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Slide 24: Association
Exposure
Exposureor
or
Characteristic
Characteristic

Observed
ObservedAssociation
Association
IsIsit:
it:biased,
biased,confounded,
confounded,
or
orcausal?
causal?

Disease
Diseaseor
or
Outcome
Outcome

So that covers the examination of whether our
observed association is biased or not. The next
question we’re going to ask about our observed
association is whether this association is
confounded or not.

Slide 25: Confounding
Here is a diagram of a possibly confounded
relationship between A and B, confounded by
AA
BB
the variable X. Confounding is really a mixing of
 AAmixing
mixingof
ofeffects
effects––association
associationbetween
betweenexposure
exposureand
and
disease
effects. That is the association between
diseaseisisdistorted
distortedby
bythe
theeffect
effectof
ofaathird
thirdvariable
variablethat
thatisis
associated
associatedwith
withthe
thedisease
disease
exposure and the disease of interest is distorted
 Alternate
Alternateexplanation
explanationfor
forobserved
observedassociation
association
between
betweenan
anexposure
exposureand
anddisease
disease
by the effect of a third variable that is also
associated with the disease as well as the
exposure. You can also think about confounding as an alternate explanation between A
and B in this diagram. That is an alternate explanation of the observed association
between the exposure of interest A and the disease of interest B.
XX

Slide 26: Criteria for Confounding
There are three criteria for determining whether
a variable is confounding the relationship
AA
BB
between A and B. So in order for this factor or
InInorder
orderfor
foraafactor
factor(X)
(X)to
tobe
beaaconfounder,
confounder,all
allof
ofthe
thefollowing
following
must
mustbe
beTRUE:
TRUE:
variable X to be a confounder, all of the following
 Factor
FactorXXisisassociated
associatedwith
withDisease
DiseaseBB(risk
(riskfactor
factoror
or
preventive
preventivefactor)
factor)
must be true. This factor must be associated
 Factor
FactorXXisisassociated
associatedwith
withFactor
FactorAA(exposure)
(exposure)
 Factor
FactorXXisisnot
notaaresult
resultofofFactor
FactorAA(not
(noton
oncausal
causalpathway)
pathway)
with the Disease B. That is it’s a risk factor or a
preventive factor. This factor must also be
associated with Factor A. That is the exposure. Finally this factor must not be a result of
Factor A. That is, it must not lie on the causal pathway from A to B. Or it may not be a
result of A.
XX
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Slide 27: Example of Confounding
Here’s an example of a confounding relationship
in a previous study that was trying to link coffee
consumption with pancreatic cancer. And they
Coffee
Pancreatic
Coffee
Pancreatic
Consumption
Cancer
Consumption
Cancer
thought that perhaps smoking was confounding
 Smoking
Smokingisisassociated
associatedwith
withpancreatic
pancreaticcancer
cancer
 Smoking
the relationship between coffee consumption
Smokingisisassociated
associatedwith
withcoffee
coffeedrinking
drinking
 Smoking
Smokingisisnot
notaaresult
resultofofcoffee
coffeedrinking
drinking
and pancreatic cancer. So they went through the
three criteria to see if smoking was a
confounder. Criterion 1: is this confounding variable, smoking, associated with the
disease of interest or outcome, pancreatic cancer? And they found in their data that yes,
it was. Smoking was a risk factor for pancreatic cancer. Next, was smoking associated
with the exposure or coffee consumption? And they found in their data that yes, people
consuming coffee were more likely to also smoke. And looking outside their data, they
knew that smoking was not a result of coffee drinking. That smoking is not on the causal
pathway from coffee consumption to pancreatic cancer. All three criteria were satisfied
therefore they concluded that smoking was indeed confounding the relationship
between coffee consumption and pancreatic cancer. It was an alternate explanation
between coffee consumption and pancreatic cancer.
Smoking
Smoking

Slide 28: Impact of Confounding
So what is the impact of confounding? It is
similar to bias. You can pull the association away
 Positive
Positiveconfounding
confounding
from the true association in either direction. So
 Exaggerates
Exaggeratesthe
thetrue
trueassociation
association
 True
Truerelative
relativerisk
risk(RR)
(RR)==1.0
1.0and
andconfounded
confoundedRR
RR==2.0
2.0
in positive confounding the confounded estimate
 Negative
Negativeconfounding
confounding
or the confounded variable exaggerates the true
 Hides
Hidesthe
thetrue
trueassociation
association
 True
RR
=
2.0
and
confounded
RR
=
1.0
association. So in the context of a cohort study,
True RR = 2.0 and confounded RR = 1.0
the true relative risk is 1. That is the exposure is
not associated with the outcome. However, the
confounded relative risk could be 2. It is exaggerating the true association. There is also
negative confounding when it hides the true association. For example, in a cohort study
the true relative risk could be 2. That is exposure is related to the outcome. However,
due to confounding, the relative risk is 1. There is no association between the exposure
of interest and the disease. Again, it is similar to bias.
 Pulls
Pullsthe
theobserved
observedassociation
associationaway
awayfrom
fromthe
thetrue
true

association
association
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Slide 29: Hypothetical Cohort Study of Obesity
and Dementia
Dementia
Dementia

No
NoDementia
Dementia

TOTAL
TOTAL

So now let’s work through a hypothetical cohort
study examining the association between obesity
Not
100
900
1,000
NotObese
Obese
100
900
1,000
and dementia. So a hypothetical study was
TOTAL
500
1,500
2,000
TOTAL
500
1,500
2,000
conducted among 2,000 people looking at
obesity and dementia. Here are the results of
400/1,000
400/1,000= 4.0 (crude measure)
Relative
RelativeRisk
Risk==
= 4.0 (crude measure)
100/1,000
100/1,000
the data. We calculated the relative risk of 4.0.
That is the incidence of dementia among the
obese participants was 4 times the incidence of dementia in the non-obese participants.
So obesity was associated with dementia.
Obese
Obese

400
400

600
600

1,000
1,000

Slide 30: Association Between Obesity and
Dementia
So now we should ask ourselves, was age
confounding the association between obesity and
dementia?

Slide 31: Dementia Diabetes Cohort Study
Dementia
Dementia

Age
Age
80-99
80-99
Years
Years

TOTAL
TOTAL

Yes
Yes

No
No

400
400

600
600

1,000
1,000

45-79
45-79
Years
Years

100
100

900
900

1,000
1,000

TOTAL
TOTAL

1,000
1,000

1,000
1,000

2,000
2,000

Relative
RelativeRisk
Risk==

400/1,000
400/1,000 = 4.0
= 4.0
100/1,000
100/1,000

So we can look at our data and look at Criterion 1
first: Is age associated with our outcome,
dementia? We can summarize our data in a 2x2
table and calculate relative risk and we get 4.0.
That is age, and in this case older age, was
associated with dementia.
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Slide 32: Dementia and Diabetes Cohort Study
Obese
Obese

TOTAL
TOTAL

Age
Age

Yes
Yes

No
No

80-99
80-99
Years
Years

900
900

100
100

1,000
1,000

45-79
45-79
Years
Years

100
100

900
900

1,000
1,000

TOTAL
TOTAL

1,000
1,000

1,000
1,000

2,000
2,000

Criterion 2: Was age, the potential confounder,
associated with our outcome obesity? Here are
the resulting data. In examination of this
association we found out that yes, age is highly
associated with obesity.

900/1000
900/1000
900
Relative
Risk
===9.0
900xx900
900
Relative
Risk
Odds
==== 100/1000
81.0
Oddsratio
ratio
=9.0
81.0
100/1000
100
100xx100
100

Slide 33: Were Criteria for Confounding
Satisfied?
Age
Age

So were the criteria for confounding satisfied?
Criterion 1: Age was associated with dementia.
Obesity
Dementia
Obesity
Dementia
 Age
Criterion 2: Age was associated with obesity.
Ageisisassociated
associatedwith
withdementia
dementia(RR=4.0)
(RR=4.0)
 Age
Ageisisassociated
associatedwith
withobesity
obesity(OR=81.0)
(OR=81.0)
Age is not a result of obesity. Again that is not
 Age
Ageisisnot
notaaresult
resultofofobesity
obesity(not
(notfrom
fromdata)
data)
from the data in the study. All 3 criteria were
satisfied. Therefore, yes age was confounding
the observed association between obesity and dementia. It just so happens that the
obese participants in the study were older and that was what accounted for the
observed association with dementia
Slide 34: Controlling Confounding
So really, confounding variables are nuisance
variables that get in the way of the relationship
confounding
confoundingfactor
factor
 e.g.
that we really want to study. So how do we
e.g.matching
matchingon
onage
ageinincase-control
case-controlstudy
study
 Analysis
Analysisphase
phase
control for it? We control for confounding in the
 Stratification
Stratification
 Standardization
design and analysis phases. In design phase we
Standardization
 Adjustment
Adjustment(multivariate
(multivariateanalysis)
analysis)
can group or individually match on the suspected
confounding factor. This is specifically regarding
a case-control study where we can match cases and controls on a variable such as age to
make them similar so they do not differ. In the analysis we can stratify our analyses
based on this confounding variable. Record our data stratified by age for example, young
and old. We can standardize our data. Or what’s most commonly done is conduct
multivariate analysis to adjust for the confounding variable.
 Design
Designphase
phase
 Group
Groupor
orindividual
individualmatching
matchingon
onthe
thesuspected
suspected
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Slide 35: Thoughts on Confounding
Some final thoughts on confounding. Again
confounding variables are these nuisance
 Valid
Validfinding
findingof
ofrelationships
relationshipsbetween
betweenfactors
factors
and
variables that get in the way of examining the
anddisease
disease
relationship that we really want to study. Unlike
 Failure
Failureto
totake
takeinto
intoaccount
accountconfounding
confoundingISISan
an
error
errorand
andcan
canbias
biasthe
theresults!
results!
bias, it is not an error in the study. So these
confounding relationships are really valid
findings of relationships between factors and a
disease. However, failure to take into account confounding or to control for confounding
is an error and will bias the results of your study.
 Not
Notan
anerror
errorininthe
thestudy
study

Slide 36: Association Between Exposure and
Outcome
Exposure
Exposureor
or
Characteristic
Characteristic

Observed
ObservedAssociation
Association
IsIsit:
it:biased,
biased,confounded,
confounded,
or
orcausal?
causal?

Disease
Diseaseor
or
Outcome
Outcome

So we’ve assessed whether the observed
association is biased or confounded. Let’s finally
look at whether our observed association
between our exposure and our outcome is
causal.

Slide 37: Epidemiologic Reasoning
First let’s talk a little about the epidemiologic
reasoning. The primary goal is to determine
 Study
Studyofofgroup
groupcharacteristics
characteristics(ecologic
(ecologicstudies)
studies)
 Study
of
individual
characteristics
(case-control
and
cohort
whether there is a statistical association between
Study of individual characteristics (case-control and cohort
studies)
studies)
our exposure or characteristic and our disease.
 Derive
Deriveinferences
inferencesregarding
regardingpossible
possiblecausal
causal
relationship
relationshipusing
usingpre-determined
pre-determinedcriteria
criteriaor
or
We assess that through various studies. We can
guidelines
guidelines
study group characteristics in an ecological
study, or we can study individual characteristics
in a case-control, cross-sectional or cohort study. The key here is deriving inferences
regarding possible causal relationships using pre-determined criteria or guidelines. Again
we have this observed association, now we need to infer whether this association is
causal or not and we can use pre-determined guidelines to do this.
 Determine
Determinewhether
whetheraastatistical
statisticalassociation
associationexists
exists

between
betweencharacteristics
characteristicsor
orexposures
exposuresand
anddisease
disease
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Slide 38: Causation
However, association between an exposure and
an outcome is not equal to causation. Consider
 Consider
Considerthe
thefollowing
followingstatement:
statement:IfIfthe
therooster
rooster
crows
at
the
break
of
dawn,
then
the
rooster
caused
crows at the break of dawn, then the rooster caused
the following statement: If the rooster crows at
the
thesun
sunto
torise
rise
the break of dawn every morning, then the
 Causation
Causationimplies
impliesthere
thereisisaatrue
truemechanism
mechanismfrom
from
exposure
to
disease
exposure to disease
rooster caused the sun to rise. Again these are
associated but they’re not causal. Causation
implies there is a true mechanism from the
exposure to the disease. More than just an observed association.
 Association
Associationisisnot
notequal
equalto
tocausation
causation

Slide 39: Koch-Henle Postulates (1880s)
So a little history lesson on causation. In this
instance in the context of infectious disease.
2.2. The
Theorganism
organismisisnot
notfound
foundwith
withany
anyother
otherdisease
disease
Jacob Henle and his student Robert Koch in the
(exclusive)
(exclusive)
1880s built a set of postulates on disease
3.3. The
Theorganism,
organism,isolated
isolatedfrom
fromone
onewho
whohas
hasthe
the
disease,
disease,and
andcultured
culturedthrough
throughseveral
severalgenerations,
generations,
causation based on the germ theory. There were
produces
producesthe
thedisease
disease(in
(inexperimental
experimentalanimals)
animals)
3 postulates. 1: the organism is always found
with the disease. This is also known as the
regular postulate. Second: the organism is not found with any other disease. That is, it is
exclusive. Third, the organism, isolated from one who has the disease, and cultured
through several generations, produces the disease. That is, it is reproducible in
experimental animals.
1.1.

The
Theorganism
organismisisalways
alwaysfound
foundwith
withthe
thedisease
disease
(regular)
(regular)

Slide 40: Koch-Henle Postulates (1880s)
Koch added that even when an infectious disease
cannot be transmitted to animals, (the third
postulate) the ‘regular’ and ‘exclusive’ presence
Unknown
Unknownatatthe
thetime
timeof
ofKoch-Henle
Koch-Henle(1840-1880)
(1840-1880)
of the organism (the first two postulates) can
Carrier
Carrierstate
state
Asymptomatic
Asymptomaticinfection
infection
Multifactorial
prove a causal relationship. However, unknown
Multifactorialcausation
causation
Biologic
Biologicspectrum
spectrumofofdisease
disease
at the time of these postulates in the mid 1800s,
was the idea of a carrier state, the idea of
asymptomatic infection, of multifactorial causation, or even the biologic spectrum of
disease. Those were not considered at this time. So causation needed to mature from
this idea of these three postulates.
Koch
Kochadded
addedthat
that“Even
“Evenwhen
whenan
aninfectious
infectiousdisease
disease
cannot
cannotbe
betransmitted
transmittedto
toanimals,
animals,the
the‘regular’
‘regular’and
and
‘exclusive’
‘exclusive’presence
presenceof
ofthe
theorganism
organism[postulates
[postulates11and
and
2]
proves
a
causal
relationship
2] proves a causal relationship

Page
14

Module 2: Fundamentals of Epidemiology – Issues of Interpretation

Transcript
Slide 41: Understanding Causality
 Let’s
Let’ssay
sayyou
youhave
havedetermined:
determined:
 There
Thereisisaareal
realassociation
association
 You
Youbelieve
believeititto
tobe
becausal
causal(ruled
(ruledout
out

confounding)
confounding)

 NOW
NOWhave
haveyou
youproven
provenCAUSALITY?
CAUSALITY?

Let’s say you’ve determined there is a real
association between our exposure and our
outcome. We believe it to be causal. That is
we’ve ruled out bias and confounding. Have we
really proven causality?

Slide 42: Surgeon General’s Guidelines for
Establishing Causality
1.1.
2.2.

Temporal
Temporalrelationship
relationship
Strength
Strengthof
ofthe
theassociation
association
Dose-response
Dose-responserelationship
relationship
Replication
of
the
Replication of thefindings
findings
Biologic
Biologicplausibility
plausibility
Consideration
of
alternate
Consideration of alternateexplanations
explanations
Cessation
Cessationof
ofexposure
exposure
Consistency
Consistencywith
withother
otherknowledge
knowledge
Specificity
Specificityof
ofthe
theassociation
association

So have you proven causality if you’ve ruled out
bias and confounding? Now the Koch-Henle
5.5.
6.6.
postulates are not applicable to chronic disease
7.7.
8.8.
epidemiology. But Doll and Hill in the 1950s were
9.9.
trying to link smoking to lung cancer through a
series of case-control and cohort studies. And
these led to the development of the Surgeon General’s Guidelines for establishing
causality. These have since been through one round of revisions since the 1950s. Here
are the nine guidelines.
3.3.
4.4.

Slide 43: Temporal Relationship
The first guideline is whether there is a temporal
relationship between the exposure and the
disease of interest. That is the exposure must
 Length
Lengthof
ofinterval
intervalbetween
betweenexposure
exposureand
anddisease
disease
very
veryimportant
important
have occurred before the disease developed.
 e.g.
e.g.asbestos
asbestosand
andlung
lungcancer
cancer
 Lung
Lungcancer
cancerfollowed
followedexposure
exposureby
by33or
or20
20years?
years?
This is easiest to establish in a prospective cohort
study in which all participants begin the study
disease free. There are couple considerations
regarding this guideline. The length of the interval between exposure and disease is very
important. For example, asbestos exposure and lung cancer. Did lung cancer follow
exposure by 3 years or 20 years? That is going to have an effect on whether this
guideline is satisfied or not.
 Exposure
Exposureto
tofactor
factormust
musthave
haveoccurred
occurredbefore
before

disease
diseasedeveloped
developed
 Easiest
Easiestto
toestablish
establishininaaprospective
prospectivecohort
cohortstudy
study
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Slide 44: Strength of the Association
The next guideline is the strength of the
association. The stronger the observed
 Example:
Example:RR
RRof
oflung
lungcancer
cancerininsmokers
smokersvs.
vs.nonnonsmokers
smokers==9;9;RR
RRof
oflung
lungcancer
cancerininheavy
heavyvs.
vs.nonnonassociation, the more likely the exposure is
smokers
smokers==20
20
causing the disease. That is, strong association is
more likely to be causal because they are
unlikely to be entirely due to bias and or
confounding. So a weak association may be
causal but it is harder to rule out bias and confounding. So here’s an example of strong
association. Relative risk of lung cancer in smokers vs. non-smokers is 9. The relative risk
in heavy vs. non-smokers is 20. These are strong associations. So it is unlikely that they
are entirely due to bias or confounding.
 The
Thestronger
strongerthe
theassociation,
association,the
themore
morelikely
likelythe
the

exposure
exposureisiscausing
causingthe
thedisease
disease

Slide 45: Strength of the Association
So here are three odds ratios (OR) and the
accompanying 95% confidence intervals (CI).
Which odds ratio would be more likely to infer
OR#1:
95%
OR#1:OR
OR==1.4
1.4
95%CICI==(1.2
(1.2--1.7)
1.7)
OR#2:OR
95%
causation? OR#1 is 1.4 with a very narrow CI.
OR#2:OR==9.8
9.8
95%CICI==(1.8
(1.8--12.3)
12.3)
OR#3:OR
95%
OR#2 is 9.8 with a very wide CI. OR#3 is 6.6 with
OR#3:OR==6.6
6.6
95%CICI==(5.9
(5.9--8.1)
8.1)
a fairly narrow CI. The third OR would give us
the strongest evidence towards an association,
OR of 6.6 with a fairly narrow CI. As compared with an OR of 9.8 which is stronger but
has a very wide CI.
Which
Whichodds
oddsratio
ratio(OR)
(OR)would
wouldyou
yoube
bemore
morelikely
likelyto
toinfer
infer
causation
causationfrom?
from?

Slide 46: Dose-Response Relationship
The next guideline is whether a dose-response
relationship exists. That is, persons who have
 Example:
Example:Lung
Lungcancer
cancerdeath
deathrates
ratesrise
risewith
withthe
the
number
higher exposure should have higher risks of the
numberof
ofcigarettes
cigarettessmoked
smoked
disease. For example, lung cancer death rates
rise with the number of cigarettes smoked. This
is not considered necessary for a causal
relationship but it does provide additional
evidence that a causal relationship exists. The higher the exposure, the higher the risk of
disease.
 Persons
Personswho
whohave
haveincreasingly
increasinglyhigher
higherexposure
exposure

levels
levelshave
haveincreasingly
increasinglyhigher
higherrisks
risksof
ofdisease
disease
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Slide 47: Age-Adjusted Mortality Rates
Here is a figure depicting a dose response
relationship between smoking and lung cancer.
This graph shows the age-adjusted mortality
rates of bronchogenic carcinoma by current
amount of smoking. We have mortality rate by
100,000 person-years on the y-axis and the
amount of smoking on the x-axis. As you can
see, the mortality rate per 100,000 among the ‘never’ smokers was 3.4. And it steadily
increases with the number of packs smoked a day up to ‘2+ packs/day’ where the
mortality rate is 217.3. Clearly a dose response.
Slide 48: Replication of Findings
The next guideline is replication of findings. Your
observed association linking exposure to disease
 Replicating
Replicatingthe
theassociation
associationinindifferent
differentsamples,
samples,with
with
different
differentstudy
studydesigns,
designs,and
anddifferent
differentinvestigators
investigators
should be observed repeatedly in different
gives
givesevidence
evidenceof
ofcausation
causation
persons and populations, places, times, and
 Example:
Example:Smoking
Smokinghas
hasbeen
beenassociated
associatedwith
withlung
lung
cancer
cancerinindozens
dozensof
ofretrospective
retrospectiveand
andprospective
prospective
studies
circumstances, using different study designs, and
studies
different investigators. For example, smoking
has been associated with lung cancer in dozens
of retrospective and prospective studies all around the world using different study
designs and among different populations.
 The
Theassociation
associationisisobserved
observedrepeatedly
repeatedlyinindifferent
different

persons,
persons,places,
places,times,
times,and
andcircumstances
circumstances

Slide 49: Biologic Plausibility
The next guideline is biologic plausibility. There
must be a biological or social model to explain
 Does
Doesnot
notconflict
conflictwith
withcurrent
currentknowledge
knowledgeofofnatural
naturalhistory
history
and
andbiology
biologyofofdisease
disease
your observed association. That is, your
 Example:
Example:Cigarettes
Cigarettescontain
containmany
manycarcinogenic
carcinogenic
substances
substances
observed association should not conflict with the
 Many
Manyepidemiologic
epidemiologicstudies
studieshave
haveidentified
identifiedcausal
causal
relationships
relationshipsbefore
beforebiological
biologicalmechanisms
mechanismswere
were
current knowledge or natural history and biology
identified
identified
of the disease. For example cigarettes contain
many carcinogenic substances. However, many
epidemiologic studies have identified this causal relationship before the biological
mechanisms were identified.
 Biological
Biologicalor
orsocial
socialmodel
modelexists
existsto
toexplain
explainthe
the

association
association
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Slide 50: Considerations of Alternate
Explanations
 Did
Didthe
theinvestigators
investigatorsconsider
considerbias
biasand
andconfounding?
confounding?

Next, the consideration of alternate
explanations. So did investigators rule out bias
 Example:
Example:Did
Didthe
theinvestigators
investigatorsconsider
considerthe
the
and confounding? And these are alternate
associations
associationsbetween
betweensmoking,
smoking,coffee
coffeeconsumption
consumption
and
andpancreatic
pancreaticcancer?
cancer?
explanations. So did investigators consider the
associations between smoking and coffee
consumption and pancreatic cancer? This gets
back to our earlier discussion of bias and confounding. These must be ruled out in order
to determine whether a causal relationship exists.
 Investigators
Investigatorsmust
mustconsider
considerother
otherpossible
possible

explanations
explanations

Slide 51: Cessation of Exposure
Next, cessation of exposure. The risk of
developing the disease should decline when the
 In
Incertain
certaincases,
cases,the
thedamage
damagemay
maybe
beirreversible
irreversible
exposure has been reduced or eliminated.
 Example:
Example:Emphysema
Emphysemaisisnot
notreversed
reversedwith
withthe
the
cessation
of
smoking,
but
its
progression
is
reduced
cessation of smoking, but its progression is reduced
However, in certain cases the damage may be
irreversible. For example, emphysema is not
reversed with the cessation of smoking, but its
progression can be reduced. In the famous
example of John Snow investigating a risk factor of cholera being contaminated water, he
removed the pump handle at the Broad St. pump and found that the risk of disease
decreased after the handle was removed.
 Risk
Riskof
ofdisease
diseaseshould
shoulddecline
declinewhen
whenexposure
exposureto
to

factor
factorisisreduced
reducedor
oreliminated
eliminated

Slide 52: Consistency With Other Knowledge
 IfIfaarelationship
relationshipisiscausal,
causal,the
thefindings
findingsshould
shouldbe
be

consistent
consistentwith
withother
otherdata
data

 IfIflung
lungcancer
cancerincidence
incidenceincreased
increasedas
ascigarette
cigarette

use
usewas
wason
onthe
thedecline,
decline,need
needto
toexplain
explainhow
howthis
this
was
wasconsistent
consistentwith
withaacausal
causalrelationship
relationship

Next, is your observed association consistent
with other knowledge? So if the relationship is
causal, your relationship should be consistent
with other data. So if lung cancer incidence
increased as cigarette use was on the decline,
you need to explain how this was consistent with
a causal relationship because this shouldn’t be

the case.
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Slide 53: Specificity of the Association
Next, specificity of the association. A single
exposure should cause a single disease. This is a
as
asmany
manyother
otherdiseases
diseases
 Lung
Lungcancer
cancerresults
resultsfrom
fromsmoking
smokingas
aswell
wellasasother
otherexposures
exposures
very narrow guideline. For example, smoking is
 When
Whenpresent,
present,provides
providesadditional
additionalsupport
supportfor
forcausal
causal
inference
inference
associated with lung cancer as well as many
 When
Whenabsent,
absent,does
doesnot
notpreclude
precludeaacausal
causalrelationship
relationship
other diseases. And lung cancer results from
smoking as well as many other exposures. So
this guideline is very difficult to satisfy and it has
its roots back in the Koch-Henle postulates. However, when this is present, like other
guidelines, it provides additional support for a causal relationship. However, if this
guideline cannot be satisfied, it does not preclude a causal relationship.
 AAsingle
singleexposure
exposureshould
shouldcause
causeaasingle
singledisease
disease

 Example:
Example:Smoking
Smokingisisassociated
associatedwith
withlung
lungcancer
canceras
aswell
well

Slide 54: Uses of Surgeon General’s Guidelines
for Establishing Causality
 Remembering
Rememberingdistinctions
distinctionsbetween
betweenassociation
associationand
and

How can we use the Surgeon General’s
Guidelines for Establishing Causality? We can use
 Designing
Designingepidemiologic
epidemiologicstudies
studies
these guidelines to remember distinctions
 Interpreting
Interpretingthe
theresults
resultsof
ofyour
yourown
ownstudy
study
between association and causation in
epidemiologic research. It needs to be in the
back of every investigator’s mind that if
association is established it does not confirm
causation. Next, these guidelines are useful when critically evaluating or reading
epidemiologic studies. These guidelines can also be useful for designing epidemiologic
studies. Different study design options or different methods within a study design can be
used so that these guidelines can be satisfied. For example a dose-response or a
temporal relationship between your exposure and your outcome. Next these guidelines
can be useful when interpreting the results of your own study. And finally, overall these
guidelines are not meant to be rigid. If one guideline is not satisfied that does not
preclude a causal relationship. These guidelines are used to essentially build a case for
exposure causing a disease. One study is not going to prove causality. It’s the body of
work or body of knowledge about an exposure and an outcome.
causation
causationininepidemiologic
epidemiologicresearch
research

 Critically
Criticallyreading
readingepidemiologic
epidemiologicstudies
studies
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Slide 55: Does HIV Cause AIDS?


Majority
Majorityof
ofscientists
scientistsbelieve
believeHIV
HIVcauses
causesAIDS
AIDS



Small
Smallgroup
groupbelieves
believesAIDS
AIDSisisaabehavioral
behavioralrather
rather
than
thanan
aninfectious
infectiousdisease
disease



AIDS
AIDSisiscaused
causedby
byuse
useof
ofrecreational
recreationaldrugs
drugsand
and
antiretroviral
antiretroviraldrugs
drugsininthe
theU.S.
U.S.and
andEurope,
Europe,and
andby
by
malnutrition
in
Africa
malnutrition in Africa

Let’s look at an example: Does HIV cause AIDS?
The vast majority of scientists believe that HIV
causes AIDS however; there is a small group that
believes AIDS is a behavioral rather than an
infectious disease. They believe that AIDS is
caused by the use of recreational drugs and the
treatment drugs offered in the U.S. and Europe,

and by malnutrition in Africa.

Slide 56: Does HIV Cause AIDS?
Let’s look back at the Koch-Henle Postulates.
Regular and exclusive? Yes. Gallo et al. routinely
found HIV in people with AIDS and failed to find

HIV among people who either lacked AIDS
 33lab
labworkers
workersaccidentally
accidentallyinfected
infectedininearly
early1990s
1990swith
with
purely
molecularly
cloned
strain
of
HIV
purely molecularly cloned strain of HIV
symptoms or the AIDS-associated risk factors.
 One
Onedeveloped
developedpneumonia
pneumonia(AIDS-defining
(AIDS-definingdisease)
disease)
before
beforestarted
startedantiretroviral
antiretroviraltherapy
therapy
Regarding the experimental model with the 3rd
postulate, 3 lab workers were accidentally
infected in the early 1990s with purely molecularly cloned HIV. One developed
pneumonia (an AIDS-defining disease) before starting antiretroviral therapy. That would
negate the argument that the therapy is causing the disease.



Regular
Regularand
andexclusive
exclusive
Gallo
Galloet
etal.
al.routinely
routinelyfound
foundHIV
HIVininpeople
peoplewith
withAIDS
AIDS
symptoms
and
symptoms andfailed
failedto
tofind
findHIV
HIVamong
amongpeople
people
who
either
lacked
AIDS
symptoms
or
AIDSwho either lacked AIDS symptoms or AIDSassociated
associatedrisk
riskfactors
factors
Experimental
Experimentalmodel
model

Slide 57: Does HIV Cause AIDS?
Let’s look at the guidelines. There have been
numerous epidemiological studies which have

established a temporal relationship. That is


infection with the virus precedes the

development of AIDS-related symptoms. There


is a strong association between the virus and the
symptoms. There is a dose-response and
replication of findings. This is biologically plausible. Cessation of exposure: there is a
decrease in deaths associated with AIDS after the advent of antiretroviral therapy. This is
a very specific association. And it’s consistent with other knowledge.


Epidemiologic
Epidemiologicstudies
studieshave
haveestablished:
established:




Temporal
Temporalrelationship
relationship
Strong
Strongassociation
association
Dose
response
Dose response
Replication
Replicationofoffindings
findings
Biologic
Biologicplausibility
plausibility
Cessation
Cessationofofexposure
exposure(decrease
(decreaseinindeaths
deathsafter
after
antiretroviral
antiretroviraltherapy)
therapy)
Specificity
Specificity
Consistency
Consistencywith
withother
otherknowledge
knowledge
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Slide 58: Causation
A few final words on causation. Remember
associations are observed, and causation is
 ItItisisimportant
importantto
toremember
rememberthat
thatthese
thesecriteria
criteria
provide
inferred. So it’s important to remember that
provideevidence
evidencefor
forcausal
causalrelationships
relationships
 All
these guidelines provide evidence for causal
Allof
ofthe
theevidence
evidencemust
mustbe
beconsidered
consideredand
andthe
the
criteria
criteriaweighed
weighedagainst
againsteach
eachother
otherto
toinfer
inferthe
the
causal
relationship
causal relationship
relationships. They don’t really prove a causal
relationship. Next, all of the evidence must be
considered and the criteria weighed against each
other to infer that there is a causal relationship.
Associations
Associationsare
areobserved
observed
Causation
Causationisisinferred
inferred

Slide 59: Summary
In summary, we discussed three aspects of an
association. Whether the association is biased:
 Selection
Selectionand
andinformation
informationbias
bias
was there a systematic error that resulted in a
 Confounding
Confoundingisisan
analternate
alternateexplanation
explanationwhich
whichcan
can
be
becontrolled
controlled
flawed or incorrect estimate of association? We
 Design
Designand
andanalysis
analysisphases
phases
 Causation
Causationmust
mustbe
beinferred
inferred
talked about selection and information bias.
Next we talked about whether this observed
association was confounded, that there was an
alternate explanation, which resulted in this observed association. We talked about
controlling confounding in the design and analysis phases. Lastly, if bias and confounding
can be ruled out, is the observed association causal? It’s important to remember
causation must be inferred, whereas associations are observed. Thank you and that
concludes Module 2: Issues of Interpretation in Epidemiologic Studies.
 Bias
Biasisisaasystematic
systematicerror
errorthat
thatresults
resultsininan
anincorrect
incorrect

estimate
estimateof
ofassociation
association
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