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Introduction

Epidemiology in its modern form is a relatively new discipline and uses
quantitative methods to study diseases in human populations to inform
prevention and control efforts [7]. Causation is an essential concept in
epidemiology (Figure 1) [7] yet there is no single, clearly articulated
definition for the discipline [1]. Causal inference may be viewed as a
special case of the more general process of scientific reasoning, about
which there is substantial scholarly debate among scientists and
philosophers [2].
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Concept of Causation:

Definitions of causation from the epidemiological
literature:-

1. Production: Causes are conditions that play essential parts in
producing the occurrence of disease.

2. Necessary causes: A necessary cause is a condition without
which the effect cannot occur.

3. Sufficient-component causes: A sufficient cause guarantees
that its effect will occur; when the cause is present, the effect
must occur.

4. Probabilistic cause: A probabilistic cause increases the
probability of its effect occurring.

5. Counterfactual causes: A counterfactual cause makes a
difference in the outcome (or the probability of the outcome)
when it is present, compared with when it is absent, while all
else is held constant [1].

Recently however, the term ‘causal inference’ has come to designate a
specific set of tools and attitudes [3].

Epidemiological studies

The tools or research study designs used by epidemiologists are varied
[6]. (Figure 2) [4]
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Classification of study designs (Version 8)
(Qualitative studies are not included in this scheme; categories shown are not necessarily mutually
exclusive, hybrid and mixed designs are possible)

Jescriptive studies

)

Study Designs

Analytic studies
- designed to examine

- designed to describe

occurrence of disease by
time, place and person

etiology and causal
associations

[

[
l

Experimental
(intervention studies)
- Investigator intentionally
alters one or more factors to
study the effects of so doing

Quasi-experimental
- Investigator lacks full
control over the intervention
but conducts the study as if it
were an experiment

investigator observes without intervention
other than to record, count, and analyze

Non-experimental

(observational studies)
- Does not involve intervention;

CooD

results
I I
Uncontrolled trials Controlled trials Q  Cohort
- experimental trials - trials with control groups (e.g. phase ITT (retrospective and
without control or clinical trials) prospective)
comparison groups (e.g. - controlled trials can be clinical trials 0 Case-control
phase /1T clinical trials) (unit of randomization is an individual) 0 Cross-sectional
or community/field trials (unit of O Ecological
randomization is a community or 0 Case-case or case
cluster) only
\ 0O  Hybrid designs (e.g.
Prevalence surveys nested case-control,
Casc-§cncs case-cohort, case-
Surveillance data ) crossover, serial
Desgnptlve analyses of cross-sectional)
routinely collected data

(registries, mortality
data, etc.)

4

Randomized (RCTs)

- interventions allocated
randomly (all
participants or clusters
have the same chance of
being allocated to each
of the study groups)

Quasi-randomized
- allocation done using schemes such as:
according to date of birth (odd or even).
number of the hospital record, date at
which they are invited to participate in
the study (odd or even), or alternatively
into the different study groups

Non-randomized
- allocation to different
groups done arbitrarily
(without any underlying
random process)

Note: Systematic reviews and meta-analyses involve the secondary analysis and synthesis of original studies

and are not considered in this classification system

Madhukar Pai. McGill University, Montreal (madhukar pai@megill ca)
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Figure 2

In all epidemiological studies it is essential to have a clear definition of a
case of the disease being investigated by delineating the symptoms, signs

definitions of disease and exposure, it is very difficult to interpret the data
from an epidemiological study [7].

or other characteristics indicating that a person has the disease. A clear
definition of an exposed person is also necessary. In the absence of clear
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The hallmark of good research is the rigor with which it is conducted. A
checklist of the key points in any study irrespective of the basic design is
given in box 1 [8].
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Study purpose

Sample

which it is drawn.

The sampling metho
size should be justified.
Entry criteria and

explonations given.

Control group

The control
and confou nding.

other investioi;ators?
Reproduc:il:)i i

Blinded
subject/control allocation?
Quality control—has the
adhered to?

Completeness

Drop outs —how many faile
Deaths

Distorting influences

affected
Con Founding
influence the results?

used?

Validity

The aim of the study should be -::|ca(:|r|)gr stated.

The 5c|mp|e should oc:c:urolely reflect the populolion from

The source of the sample should be stated.
dpshould be described and the sclmple

exclusions should be stated and justified.
The number of patients lost to follow up should be stated and

roup should be easily identifiable.

The source of the contrels should be exploined—cnre ﬂ'\ey frem
the same populc:ltion as the sclmple?

Are the contrels matched or randemised —to minimise bias

Quality of measurements and cutcomes

Walidity —are the measurements used regarded as valid by
hy—can the results be repeated or is there a rea-
son to suspect they may be a “one oft”?

—were the investigators or 5Ubiects aware of their

meth odology been

Compliance —did all patients comply with the study?
to complete

Missing data—how much are unavailable and why?
Extraneocus treatments—other interventions that mary have
some but not all of the subjects.

factors — Are there other wvariables that might

Appropriate analysis— Have appropriate statistical tests been
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rigoroushy

e 5Iudy?

All studies should be internally valid. That is, the conclusions
can be logically drawn from the results preduced by an
appropriate methodol v. For a study to be regarded as valid
it must be shown that it has indeed demonstrated what it says
it has. A study that is not internally wvalid should not be
published because the findings cannot be accepted.

The question of external wvalidi relates to the wvalue of the
results of the study to other populations—that is, the generalis-
ability of the results. For example, a study showing that 80%
of the Swedish population has blond hair, mi ht%e used to
make a sensible prediction of the incidence of blond hair in
other Scandinavian countries, but would be invalid if applied

te most other populations.

Cohort, cross sectional, and case-control studies are collectively referred
to as observational studies. Often these studies are the only practicable
method of studying various problems [8].

Cohort study:

These are the best method for determining the incidence and natural
history of a condition [8]. The cohort or follow-up study can be either
retrospective or prospective, and sometimes a combination retrospective—
prospective approach is used [9].

Prospective cohort studies: A group of people is chosen who do not have
the outcome of interest (for example, myocardial infarction). Over a
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period of time the people in the sample are observed to see whether they
develop the outcome of interest [8].

Retrospective cohort studies: The methodology is the same but the study
is performed posthoc. The cohort is “followed up” retrospectively [8].

When the objective of a cohort study is to investigate the causal effect of
an exposure on a health outcome, that effect is usually quantified in terms
of a relative risk (also called a risk ratio) [13].
Relative risk = risk in exposed people
risk in unexposed people

Design of a Cohort study: [7]
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Because the data on exposure and disease refer to different points in time,
cohort studies are longitudinal. Although conceptually simple, cohort
studies are major undertakings and may require long periods of follow-up
since disease may occur a long time after exposure [7].

Cross-sectional studies

Like cohort studies, cross-sectional studies conceptually begin with a

population base. But unlike cohort studies, in cross-sectional studies we
do not follow individuals over time. Instead, we only look at the
prevalence of disease and/or exposure at one moment in time. Cross-
sectional studies begin by selecting a sample population and then
obtaining data to classify all individuals in the sample as either having or
not having the health outcome [10].

Study design for cross sectional study: [8]

Population

Selected sample

Risk factor

Risk factor

MNo risk factor

Mo risk factor

Mo disease

Disease present

Mo disease

Disease present

A cross sectional study is particularly suitable for estimating the
prevalence of a behavior or disease in a population [11].
Prevalencel® = cases / total population

Cross-sectional studies are used both descriptively and analytically.

Descriptive cross-sectional studies simply characterize the prevalence of
a health outcome in a specified population.

Analytical cross-sectional studies, data on the prevalence of both
exposure and a health outcome are obtained for the purpose of comparing
health outcome differences between exposed and unexposed [10].

Cross sectional studies are generally quick, easy, and cheap to perform.
They are often based on a questionnaire survey. There will be no loss to
follow-up because participants are interviewed only once. However, a
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cross sectional study may be prone to non-response bias if participants
who consent to take part in the study differ from those who do not,
resulting in a sample that is not representative of the population [11].

Case control studies

Case-control studies provide a relatively simple way to investigate causes
of diseases, especially rare diseases. They include people with a disease
(or other outcome variable) of interest and a suitable control (comparison
or reference) group of people unaffected by the disease or outcome
variable. The study compares the occurrence of the possible cause in cases
and in controls. The investigators collect data on disease occurrence at
one point in time and exposures at a previous point in time. Case-control
studies are longitudinal, in contrast to cross-sectional studies (Figure 3)

[71.
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‘ Mot exposed ‘ [OR— -

Population

‘ Exposed ‘ R

g Controls

1 (people without disease)
‘ Mot exposed ‘ DR

Figure 3

Exposure

An important aspect of case-control studies is the determination of the
start and duration of exposure for cases and controls [7].

Odds ratio

The association of an exposure and a disease (relative risk) in a case-
control study is measured by calculating the odds ratio (OR) [7].

Odds of exposure in the cases

Odds (of exposure) ratio'? = Odds of exposure in the controls

The hard part of designing case-control studies is deciding how to find
controls that satisfy the requirement of having been sampled from the
whole population without regard to exposure. Most (not all) case-control
studies are conducted retrospectively. A particular problem arises when
participants are asked to recall past exposures because cases may be more
likely than non-cases to have reflected on, and therefore recall, past
exposures. This can be a serious source of bias [13].

Randomized control trial

A Randomized controlled trial is an epidemiological experiment designed
to study the effects of a particular intervention, usually a treatment for a
specific disease (clinical trial) [7].

Randomized controlled trials (RCTSs) are the gold standard for evaluating
interventions to treat or prevent adverse health events, when it is feasible
and ethical to use this study design. In a RCT, the investigator randomly
allocates study units from a study population to two or more intervention
groups. Randomized controlled trials are hypothesis-testing studies, and
therefore, it is essential that a concurrent comparison group be used. An
outcome may improve, stay the same or decline over time, with or without
an intervention. Therefore, without a concurrent comparison group, it is
not possible to determine the extent to which any changes in the outcome
are the result of the intervention.

An important consideration with randomization is the ethics of the
intervention(s) administered to the comparison group(s). Control or
comparison groups fall into two broad categories. Positive controls:
commonly used in RCTs where there is an existing intervention and
failure to provide that intervention is not ethically acceptable. Positive
controls allow the investigator to comment on the efficacy of the
intervention of interest relative to a current intervention in the form of ‘as
good as’ or ‘better than’. Negative controls: untreated although they
should receive a placebo or sham intervention to when it is possible to do
so [14].

Overview of conducting RCT (Figure 4) [15]

1. Specify intervention,
programme theory, and
outcomes

6. Collect endline data
from both groups.
Calculate impact.
Prepare final report and
recommendations
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2. Establish unit of
assignment and eligible
population

5. Collect data about
implementation (and
possibly mid-term
outcomes). Prepare
midline report

3. Randomly assign a
sample of eligible
population to treatment
and control groups

4. Collect baseline data
from both groups.
Prepare baseline report
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Potential errors in epidemiological studies
Random error

Random error is when a value of the sample measurement diverges — due
to chance alone — from that of the true population value

Sample size

The sample size must be large enough for the study to have sufficient
statistical power to detect the differences deemed important.

Systematic error

Systematic error (or bias) occurs in epidemiology when results differ in a
systematic manner from the true values. A study with a small systematic
error is said to have a high accuracy. Accuracy is not affected by sample
size.

Selection bias

Selection bias occurs when there is a systematic difference between the
characteristics of the people selected for a study and the characteristics of
those who are not.

Measurement bias

Measurement bias occurs when the individual measurements or
classifications of disease or exposure are inaccurate — that is, they do not
measure correctly what they are supposed to measure.

Ethical issues

Ethical issues are those involving actions and policies that are right or
wrong, fair or unfair, just or unjust [7].

Conclusion:

All study designs inherently acknowledge time and represent alternative
approaches for sampling populations as exposed and non-exposed
persons develop disease over time.5 Epidemiological associations may be
causal; however, before causality can be assessed, each study must be
evaluated to determine whether its design is appropriate, the study size is
adequate and systematic bias has not influenced the observed association.
In addition, the association should be consistent with prior hypotheses and
previous study results, and its magnitude should be moderately large [9].
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