
Inference  



Disease+ Disease-

exposed A B

Unexposed C D

• RR=A/A+B / C/C+D  

• OR=A/B/C/D=AD/BC

2
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Calculation of the OR when there are 
more then two exposure categories

• To calculate the OR for different exposure 
categories , one is chosen as the reference category 
(biologically or largest sample size)

4



Cases of Craniosynostosis and normal Control 
according to maternal age

Maternal 

age

Cases Controls Odds 

exp in 

case

Odds 

exp in 

control

OR

<20 12 89 12/12 89/89 1

20-24 47 242 47/12 242/89 1.44

25-29 56 255 56/12 255/89 1.63

>29 58 173 58/12 173/89 2.49

5
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Attributable Risk 

• The attributable risk is a measure of association based on the 
absolute difference between two risk estimates. 

• The attributable risk estimates the absolute excess risk associated 
with a given exposure. 

• Because the attributable risk is often used to imply a cause-effect 
relationship, it should be interpreted as a true etiologic fraction 
only when there is reasonable certainty of a causal connection 
between exposure and outcome. 

• The term excess fraction has been suggested as an alternative 
term when causality has not been firmly established. 



7

Attributable Risk in Exposed 
Individuals
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observed results are due to chance

• Bias (Systematic error)
• must be considered in the design of the study

• Confounding
• can be dealt with during both the design and the analysis 

of the study

• Causation
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Random error vs. Systematic error
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Dealing with chance error

• During design of study
• Sample size

• Power

• During analysis (Statistical measures of chance)
• Test of statistical significance (P value)

• Confidence intervals



Statistical measures of chance I
(Test of statistical significance)

Observed association

Association in Reality

Yes No

Yes

No

Type I error

Type II error



P-value

• the probability the observed results occurred by 
chance

• the probability that an effect at least as extreme as 
that observed could have occurred by chance 
alone, given there is truly no relationship between 
exposure and disease (Ho)

• statistically non-significant results are not 
necessarily attributable to chance due to small 
sample size



Statistical Power

• Power = 1 – type II error

• Power = 1 - ß



P value

0.00001

Clinical Importance
VS

Statistical Significance



Statistical measures of chance II
(Confidence intervals)



Question?

• 20 out of 100 participants: 20%

• 200 out of 1000 participants: 20%

• 2000 out of 10000 participants: 20%

• What is the difference?



Answer: Confidence Interval

• Definition: A range of values for a variable of interest 
constructed so that this range has a specified probability of 
including the true value of the variable for the population

• Characteristics:
• a measure of the precision (stability) of an observed effect
• the range within which the true magnitude of effect lies with a 

particular degree of certainty
• 95% C.I. means that true estimate of effect (mean, risk, rate) lies within 

2 standard errors of the population mean 95 times out of 100
• Confidence intervals get smaller (i.e. more precise or more certain) if 

the underlying data have less variation/scatter
• Confidence intervals get smaller if there are more people in your 

sample



95% Confidence Interval (95% CI)

• 20 out of 100 participants: 20%

95% CI: 12 to 28

• 80 out of 400 participants: 20%

95% CI: 16 to 24

• 2000 out of 10000 participants: 20%

95% CI: 19.2 to 20.8



Confidence Interval 

vs 

P value
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Bias

• Any systematic error that results in an incorrect 
estimate of the association between risk factors 
and outcome



BIAS: threats to validity and 
interpretation

• Bias is the result of systematic error in the design or 
conduct of a study; a tendency toward erroneous 
results

• Systematic error results from flaws in either the (1) 
method of selection of study participants, or

(2)  in the procedures for gathering relevant 
exposure and/or disease information

• Hence - the observed study results will tend to be 
different from the true results



Bias results from systematic flaws

• study design, 

• data collection, 

• analysis

• interpretation of results 



Types of Bias

• Selection bias – identification of individual subjects 
for inclusion in study on the basis of either 
exposure or disease status depends in some way on 
the other axis of interest

• Observation (information) bias – results from 
systematic differences in the way data on exposure 
or outcome are obtained from the various study 
groups



Selection bias

• is present when individuals 
have different probabilities of 
being included in the study 
sample according to relevant 
study characteristics-namely, 
the exposure and the outcome 
of interest. 



Observation (information) bias

• results from a systematic 
tendency for individuals 
selected for inclusion in the 
study to be erroneously placed 
in different exposure/outcome 
categories, thus leading to 
misclassification. 



Selection Bias

• Selection bias occurs when a systematic 
error in the ascertainment of study 
subjects- cases or controls in case-control 
studies, or exposed or unexposed 
subjects in cohort studies-results in a 
tendency toward distorting the measure 
expressing the association between 
exposure and outcome. 









Selection bias in cohort

• Healthy worker effect: In a cohort study, because 
study participants (exposed or unexposed) are 
selected before the disease actually occurs, 
differential selection according to disease status is 
less likely to occur. Nevertheless, selection bias 
may occur at the outset of a cohort study when, 
for example, a group of persons exposed to an 
occupational hazard is compared with a sample of 
the general population.

• Differential losses to follow-up



Avoiding and detecting selection bias

• In case-control studies, Choose controls from the 
same “study-base” as cases. 

• In cohort studies, the rate of loss to follow-up 
indicates the potential for selection bias.  Comparison 
of the characteristics of those lost to follow-up with 
those persons remaining under follow-up, may 
indicate the potential consequences of any selection 
bias.



Information Bias

• Information bias in epidemiologic studies results from 
either imperfect definitions of study variables or flawed 
data collection procedures. These errors may result in 
misclassification of exposure and/or outcome status for a 
significant proportion of study participants.

• Information Bias: results from a systematic error in 
measurement thus leading to misclassification (in exposure 
or outcome category).

• A classic example is:  recall bias, in which the ability to 
recall past exposure is dependent on case or control status.  
Cases may be more likely than controls to overstate past 
exposure



Diseased

Exposed

+              -

+

-

REFERENCE 

POPULATION

STUDY SAMPLE

The direction of the association is a 

function of which cell(s) are subjected to 

a higher or lower probability

Eg...unexposed cases in this

example tend to mistakenly 

report past exposure to a greater

extent than do controls

Cases      Control

Misclassification of EXPOSURE



Diseased

Exposed

+              -

+

-

REFERENCE 

POPULATION

STUDY SAMPLEEg…cases in this are mistakenly 

classified as controls due to low 

sensitivity on a screening test

Cases      Control

Misclassification of OUTCOME



The result of information bias: 
Misclassification

• Nondifferential misclassification

• Differential misclassification



Nondifferential misclassification of exposure: effects of sensitivity and 
specificity of exposure identification and of exposure prevalence in controls on 
a study’s OR (true OR=4.0)

Sensitivity Specificity Prev of Exp in 
controls

Observed OR

0.90 0.85 0.20 2.6

0.60 0.85 0.20 1.9

0.90 0.95 0.20 3.2

0.90 0.60 0.20 1.9

0.90 0.90 0.368 3.0

0.90 0.90 0.20 2.8

0.90 0.90 0.077 2.2

Table 4-5
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Confounding

• Confounding results when the effect of an exposure 
on the disease (or outcome) is distorted because of 
the association of exposure with other factor(s) 
that influence the outcome under study. 



Confounding

Coffee Pancreatic 

cancer

Smoking

Observed association, presumed causation

Observed association

True association



Properties of a confounder

• A confounding factor must be a risk factor for the 
disease.

• The confounding factor must be causally or non 
causally associated with the exposure under study 
in the source population.

• A confounding factor must not be affected by the 
exposure or the disease.
• The confounder cannot be an intermediate step in the 

causal path between the exposure and the disease.

















Statistical Significance in Assessing 
Confounding 

• It is inappropriate to rely on statistical significance 
to identify confounding, especially when either the 
exposure (in case-control studies) or the outcome 
(in cohort studies) varies markedly according to the 
confounding variable. 



Control of Confounding

• During design of study
• Restriction 

• Matching

• Randomization

• During analysis
• Stratified analysis

• Multivariate analysis
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DETERMINATION OF CAUSATION

• The general QUESTION:Is there a cause and effect 
relationship between the presence of factor X and 
the development of disease Y?

• One way of determining causation is personal 
experience by directly observing a sequence of 
events. 



Nature of Evidence:

1. Replication of Findings –
• consistent  in  populations

2. Strength of Association –
• significant high risk

3. Temporal Sequence –
• exposure precede disease



Nature of Evidence:

4. Dose-Response –
• higher dose exposure, higher risk 

5.  Biologic Credibility –
• exposure linked to pathogenesis 

6. Consideration of alternative explanations –
• the extent to which other explanations have been 

considered.  



Nature of Evidence

7.  Cessation of exposure (Dynamics) –
• removal of exposure – reduces risk

8.  Specificity  
• specific exposure is associated with only one disease

9. Experimental evidence



SMOKING AND LUNG CANCER

1.  Strength of Association: 
• The relative risks for the association of smoking and lung 

cancer are very high 

2.  Biologic Credibility: 
• The burning of tobacco produces carcinogenic compounds 

which are inhaled and come into contact with pulmonary 
tissue.



SMOKING AND LUNG CANCER

3. Replication of findings: 
• The association of cigarette smoke and lung cancer is found in 

both sexes in all races, in all socioeconomic classes, etc.

4. Temporal Sequence:  
• Cohort studies clearly demonstrate that smoking precedes lung 

cancer and that lung cancer does not cause an individual to 
become a cigarette smoker.



SMOKING AND LUNG CANCER

5.  Dose-Response: 
• The more cigarette smoke an individual inhales, over a life-

time, the greater the risk of developing lung cancer.

6.  Dynamics (cessation of exposure): 
• Reduction in cigarette smoking reduces the risk of 

developing lung cancer.



• Smoking is cited as a cause of lung cancer, however. . .
• . . . smoking is not necessary (is not a prerequisite) to get lung cancer.  

Some people get lung cancer who have never smoked.

• . . . smoking alone does not cause lung cancer.  Some smokers never get 
lung cancer.

• Smoking is a member of a set of factors (i.e., web of 
causation) which cause lung cancer.  

• The identity of all the other factors in the set are unknown.  (One factor in 
the web of causation is probably genetic susceptibility.)







necessary / sufficient

D

E A

B

C F

B

AH

G

F

C

AJ

I

“A” is necessary – since it appears in each sufficient causal complex

“A” is not sufficient –

Disease Not Present Disease Present Disease Present
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Hierarchy in Establishing Causality

• trials
• randomized, double-blind, placebo-controlled with 

sufficient power and appropriate analysis

• cohort studies & case-control studies
• hypothesis specified prior to analysis

• case-series
• no comparison groups


