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Cause
Exposure

Effect
Outcome

The simple universe from the 
perspective of an epidemiologist

The association between E og O is estimated

The association measure may describe a CAUSAL relation, 
however may also be
A chance finding: random variation
False: as a result of bias
True but non-causal: as a result of confounding
Dependent of other factors: interaction, effect measure  
modification
Non-generalizable: unique to the study population
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Precision

• Random error

• Precision increases with increasing sample size

• PRIOR to the study: Power calculations, where the α-
level (level of significance) and the desired power are 
set, and the necessary sample size is determined
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Type I error

An association is demonstrated, although
no association exists

With an α-level of 5%, the risk of Type I 
error is 5%

If the α-level is diminished (eg. 1%), the 
risk of Type II error increases
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Type II error

• No association is demonstrated, although a such 
actually exists

• The power: the ability to avoid Type II errors. I.e. A 
power of 80% means that we have a 80% chance of 
demonstration a specific true association
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Bias

Systematic deviation of results or inferences from the 
truth or processes leading to such deviations Porta M: A 

Dictionary of Epidemiology. OUP, 2009

• Systematic errors in measurements

• Systematic errors of statistical associations resulting 
from measurement errors, design errors, or errors in 
analysis

• Errornous interpretations of statistical associations 

• at fremme fejlagtige resultater
Selection bias Information bias
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Selection bias

A situation where the selection or participation pattern 
in a study implies a systematic deviation of it’s results

Occurs when participation is associeted with BOTH 
exposure status and outcome status

Case-control: OC and DVT : The hypothesis is known and 
exposure increases the probability of getting a diagnosis

Cohort: Eg. the Thule workers: All ill and exposed 
participated, non-participation in other groups
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Selectionsbias

Probability of being 
a participant

Exposure

Outcome

Will create an association between exposure and outcome that reflects 
the data collection procedures
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Selectionsbias

Terms

Self-selection bias eller
volunteer bias

There are reasons ……   semen quality studies

Self-selection bias eller
motivation bias

In non-randomised studies  lack of exchangability

Healthy worker effect E.g. Low back pain studies, fertility studies

Non-response bias 

Reverse causality Selection to exposure due to outcome

Differential loss-to-follow-up Dependent on disease status
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Berkson’s bias described by the American statistician Joseph Berkson (1899–1982)

(Berkson’s paradox,  ~ Simpson’s paradox)
A form of selection bias that causes hospital cases and controls in a case 
control study to be systematically different from one another, because the 
combination of exposure to risk and occurrence of disease increases the 
likelihood of being admitted to the hospital. 

This produces a systematically higher exposure risk among hospital 
patients, so it distorts the odds ratio

Examples:

Oral contraceptives and DVT

Disease-disease associations in hospital data  
individuals with two or more diseases have a higher 
probability of being hospitalized than persons with only 
one disease—even if these reasons are independent

Epi 
forelæsning 1

Dias 
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What to do ……..

Data collection:

Avoid loss to follow-up or non-participation

Data analysis:

Drop-out analyses: Are participants equal to non-
participants?

Intention-to-treat analyses: keep the random allocation to 
intervention and reference group despite compliance
problems.
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Information bias

Imprecise measurement of exposure: time, intensity, 
proxy measure

outcome: diagnostic imprecision, incomplete 
registration

Eg: recall bias, interviewer bias, respondent bias, 
instrument problems, uneven collection of data



Misclassification

Some study subjects
are categorized in the 
wrong category

Non-differential misclassification: 

The same magnitude of outcome
misclassification among exposed and 
unexposed

or

The same magnitude of exposure
misclassification among cases and non-
cases

Leads to an underestimation of the 
association

Differential misclassification: 

Validity of outcome status is dependent on 
exposure status

Estimate unpredictable



Bias and Misclassification

TRUE + mesotheliom - mesotheliom 

+ asbest 50 10 

- asbest 50 90 

 

An example: Asbestos and mesothelioma

OR = (ad) / (bc) = 9

 + mesotheliom - mesotheliom 

+ asbest 25 5 

- asbest 25 45 

 

Loss-to-follow-up: 50% in all categories

OR = (ad) / (bc) = 9

Loss-to-follow-up: 50% among cases 

 + mesotheliom - mesotheliom 

+ asbest 25 10 

- asbest 25 90 

 

OR = (ad) / (bc) = 9



Bias and Misclassification

TRUE + mesotheliom - mesotheliom 

+ asbest 50 10 

- asbest 50 90 

 

An example: Asbestos and mesothelioma 

OR = (ad) / (bc) = 9

 + mesotheliom - mesotheliom 

+ asbest 25 5 

- asbest 75 95 

 

50% under reporting of exposure: NON-DIFFERENTIAL MISCLASSIFICATION

OR = (ad) / (bc) = 6.3

 + mesotheliom - mesotheliom 

+ asbest 50 5 

- asbest 50 95 

 

OR = (ad) / (bc) = 19

50% under reporting among healthy subjects: DIFFERENTIAL MISCLASSIFICATION

Non-Differerential misclassification leads to underestimation of estimate
Differential misclassification leads to unpredictable bias
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Warning: Not always true ….

• More than two 
exposure categories

• Exposure misclassified 
in a non-adjacent 
category 

• Example: Alcoholics 
claiming to be non-
drinkers

17
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Examples of bias sources

Healthy worker bias: A selection bias (being at the labour marked requires 
good health) or the opposite

Interviewer bias: Interviewer may influence data

Recall bias: Imbalanced rememberance, imprecision

Reporting bias: misclassification, social values

Withdrawal bias: ….. and continue in a study

Ascertainment bias: Imbalance in types of persones in a sample

Design bias: e.g. Un-controlled studies, where the effect of two processes 
are mixed

Detection bias: e.g. a disease is more likely to be diagnosed in one setting 
than in another

Digit preference bias: may produce false threshold values

Publication bias: which results are published?

Etc…… Not the name, but the contents are important!
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Types of bias in different study designs (1)

RCTs:

Selective inclusion (not neccesarily selection bias).

Selective participation.

Differential loss-to – follow-up.

Differential compliance.

Blinding decreases information bias.

Cohort studies:

Selective inclusion (not neccesarily selection bias).

Selective participation.

Differential loss-to – follow-up.

Known risk factors may increase probability of 
being diagnosed.

Known risk factors may influence exposure profile
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Types of bias in different study designs (2)

X-sectional studies:

Selective participation

Reverse causality

Healthy worker effect

Information bias, incl. recall bias

Length-sample-bias

Case-control undersøgelser

Selective participation

Recall bias – case status is known and may
influence exposure information

Selection of controls dependent of exposure



Tekst starter uden 

dato og ”Enhedens 

Bias in systematic reviews and meta analyses

• Selection of included 
studies

• Publication bias

• Other bias types

• … systematic reviews 
may be  biased, 
despite being in the 
top of the evidence 
hierarchy

Epi 
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Small study effects

Publication bias is one type of small study effect, where
small studies can create bias, e.g.

• Publication bias: small studies are more likely to get
published if they have statistically significant results

• Outcome reporting bias: Small studies select outcomes
that are significant to increase publication chances

• Clinical heterogeneity: Small studies will often have 
more selected populations than larger studies. This is 
well known from RCTs

• Chance has a bigger influence on small studies than
larger ones.

28/01/2023 22



Funnel plot for detection of publication bias

28/01/2023 23



Funnel plot: Expected
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Simulated ORs and SEs



Funnel plot: Observed
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ORs and SEs from a metananlysis on NSAID and acute pain



Publication bias in a literature review:? 
Maternal toxoplasmosis and schizophrenia  
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Another example ……
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Every result should be critical evaluated with
respect to bias

• Bias can not be (easily) adjusted for in the analyses

• Direction and magnitude of bias should be considered

• Quanitative bias analyses are warranted

• Every study has it’s own bias risks

WORK

Which sources of bias may affect your study and how
can you address these potential biases?

Work 10 minutes with each project



Quick Overview



Confounding

Learning objectives:

What is confounding?

Methods to prevent confounding

Methods to evaluate confounding



What is confounding ?

• A situation in which effects of two risk factors for the 
disease under study are mixed, or

• An association between an exposure and an outcome 
is mixed up with the real effect of another exposure 
on the same outcome

Dictionary of epidemiology



Evidence 
hierachy

Intervention

Cohort

Case-control

Correlation studies

X-sectional studies

Case series

The higher in the 

pyramid, the better

opportunity to assess

CAUSAL RELATIONS, 

not just assocations

Less risk of 

CONFOUNDING
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Prevalence of Down Syndrom 
according to birth order

Fra: K Rothman: Epidemiology – An Introduction 2002
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Prevalence of Down Syndrom 
according to maternal age 

Fra: K Rothman: Epidemiology – An Introduction 2002
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Prevalence af Down Syndrom according to 
birth order and maternal age 

Fra: K Rothman: Epidemiology – An Introduction 2002

Stratification



Birth order
Exposure

Down Syndrom
Outcome

In the epidemiologic universe

Maternal age

Confounder



Characteristics of a confounder

1. An independent risk factor for outcome (i.e. among 
non-exposed)

2. Statistical associated with exposure

3. Not an intermediate between  exposure and 
outcome



Exposure Outcome

In the epidemiologic universe

Confounder



Confounding example:
Paternal age and spontaneous abortion

Hypothesis:

Old fathers are a risk 
factor for abortion

Data:

Cohort of 100.000 
children and 
information about 
parental age

What is the obvious 
confounding factor?





Correlation between 

maternal and paternal age





New analyses

Dias 
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Work in progress: respect confidentiality, please



Residual confounding

Dias 
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Work in progress: respect confidentiality, please



Confounding

Paternal age Fetal death

Maternal age



What does confounding?

Over-estimation of causal associations

Under-estimering of causal associations

May flop the causal association around

But even a confounded estimate may inform about risk 
markers or risk groups

The special role of SES and e.g. ethnicity
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Identification af confounding

Is a theoretical piece of work, not a empirical ,

i.e. potential confounders are selected a priori

Overadjustment is just as bad as confounding 
(underadjustment)

Causal diagrams are helpful! To be drawn…….
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Directed Acyclic 
Graphs

Greenland et al, Epidemiology 1999;10:37 ff
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Exposure

Outcome

Intermediates

Confounders

Which variables are available?

How are the arrows (according to you)

How does your causal diagram look 
like?



Tekst starter uden 

dato og ”Enhedens 

Randomization

Restriction
Balance, exchangeability

Matchning
Matching variable cannot be 

assessed

Twin- and sibling designs

Natural experiments

Replication in populations 
with different confounder 
structure

Compare plausible and 
implausible associations

Control of confounding

DESIGN

Standardisation
Indirect

(one population is the standard)

Direct

(external standard population)

Stratified analyses
Few covariates

Multiple regression
Many covariates

ANALYSES
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Paracetamol during pregnancy: Paracetamol
Confounding by indication

• 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

Dias 
51
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Are the observed association due to chance, 
error (bias), non-causal due to confonding 
or causal?

• Chance?

Power of the study?

P-values/ confidence intervals

• Biased

• Causal?

Bradford Hill criteria, critical challenges
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Bradford Hill criteria for causality

• Temporal relationship

• Biological plausibility (however, ….)

• Consistency (however, ….)

• Strength (however, ….)

• Exposure-response relationship (however, ….)

• Specificity (however, ….)

• (Reversibility)

• Coherence  (however, ….)
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Validity and generalizability

Validity: Credibility of results according to the aim of the 
study (= internal validity)

Generalizability: Credibility of results in other 
populations (=external validity) 
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General comments

Rare that one study alone provide enough ”proof” that 
a certain exposure affects the risk of disease

• Re-analysis in other settings

• Meta-analysis

Remember that we live in a confounded world



Quick Overview


