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The article gives an overview of traditional cldissition of epidemiological study designs as weallstudy
designs based on modern epidemiology. Epidemiocieglye study of the distribution and determinarfts o
disease frequency in human populations and thdcagiph of this study to control health problembe
choice is often between validity, i.e. obtaining tmost accurate answer, and feasibility, i.e. obtgian
answer.When the individual is the unit of analysis and thgease outcome under study is dichotomous
then epidemiological study designs can best besified according to two criteria: (i) the type aftoome

under study (incidence or prevalence) and (ii) Waethere is sampling on the basis of the outcddmee

this two-dimensional classification system has baedwpted, then there are only four basic studygdesi)

incidence studies; (ii) incidence case - contrabes; (iii) prevalence studies; and (iv) prevakewrase -
control studies (Rothmamst al). Continuous outcome measures using longitudimal eross sectional

-
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INTRODUCTION

Epidemiology is the study of the distribution and
determinants of disease frequency in human
populations and the application of this study to
control health problems. Classical epidemiology is
primarily concerned with the statistical relatioipsh
between disease agents, both infectious and non-
infectious;ecological epidemiology studies describe
(often mathematically) the ecological interactions
between populations of hosts and infectious agents.
Other sub-categories, e.g. molecular epidemiology,
clinical epidemiology or environmental
epidemiology, relate to the techniques and domains
in which the quantitative tools are being applied.
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Often the techniques and approaches will be
different, but the two ubiquitous components are a
population-based approach and quantification
These epidemiological studies are frequently called
observational studies because the researcher
observes what is happening or has happened without
intervening in the natural progression of disease
events.
Choice of study design
Having settled on a study hypothesis and/or the
required measure of disease occurrence, the
subsequent decision is which type of study is
appropriate. The decision will be based not only on
methodological but also on practical considerations
For example, the most appropriate study may be too
expensive or take too long to provide an answer. In
such circumstances a compromise will require to be
made - to undertake a study which can be conducted
within the budget and time available and which
delivers information which is suitable for answerin
a hypothesis or provides a useful measure of d#seas
occurrencé The choice is often between validity,
i.e. obtaining the most accurate answer, and
feasibility, i.e. obtaining an answer.
There are a number of broad considerations
1. Ecologic and migrant studies are primarily
used to generate hypotheses about the
aetiology of disease. |If appropriate
information is routinely collected, they can
be conducted quickly and at low cost.
2. Cross-sectional studies generally are able to

9.

be lacking on possible confounders that need
to be considered.

The prospective cohort approach, in theory,
also permits setting up systems to notify
change in exposure status during the follow-
up period, an option that may be lacking in a
retrospectively derived cohort with only
‘point’ data on exposure.

Prospective cohort studies suffer from the
problems of potential and unknown loss-to-
follow-up rates: it is increasingly to track
down individuals after a time interval.
Assessment of disease status may then be
impossible from within the study.

Cohort studies are substantially more
expensive than the smaller case control
approach. The rarer the disease the more
impracticable the cohort approach becomes.
Studies that involve population screening to
derive either current or future cases are more
expensive than those that can utlize an
existing morbidity recording system, such as
a population-based cancer register.

Time is relevant in so far as public health
qguestions that require an immediate answer,
for example regarding risks from current
occupational exposure, might not be able to
wait for the 10 years it might take for a
prospective study to reach an answer.

The availability of data may dictate the
choice available

determine only associations between risk Design and Analysis of Observational Studies
factor and disease. They can also be theln observational studies a series of steps are
method through which other types of study undertaken (Frankena and Thrusfield, 1897)

are conducted.

1. The objectives of the study are defined

3. The cohort approach allows identification of 2. The target population is described
multiple disease outcomes from a single 3. The sampling method is selected and sample size
exposure, whereas the case-control approactcalculated
allows identification of multiple exposures 4. Disease and exposure factors are measured in the

associated with a single disease entity.

sample

4. The lack of quality control of data from a 5. Bias (selection, misclassification, information
retrospective cohort study, particularly on recall bias and confounding) is evaluated
exposure status, would support a prospective6. Data is validated
approach. Similarly, data may be sufficient 7. Data is analysed
for the primary exposure of interest, but may 8. Findings are reported
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If care is taken in the planning, implementatio an where the source population has been defined but a
analysis of observational studies, risk factors loan cohort has not been formally enumerated by the
identified to allow preventive measures to be investigator, e.g. ‘descriptive’ studies of natibna
instigated. death rates. Furthermore, there is no fundamental
Each type of observational study is useful underdistinction between incidence studies based on a
different circumstances. The following Table No.1 broad population (e.g. all workers at a particular
provides a guide to the advantages and disadvantagdactory or all persons living in a particular
of each type of study and may help in understandinggeographical area) and incidence studies involving
the decisions researchers make in designing arsampling on the basis of exposure, since the latter
epidemiological study. procedure merely redefines the study population
The Four Basic Study Designs (cohort). Three measures of disease occurrence are
When the individual is the unit of analysis and the commonly used in incidence studieBerhaps the
disease outcome under study is dichotomous, thetmost common measure is the person - time
epidemiological study designs can best be classifie ‘incidence rate’; a second measure is the ‘incidenc
according to two criteria: (i) the type of outcome proportion’ (average risk), which is the proportioih
under study (incidence or prevalence) and (ii) study subjects who experience the outcome of
whether there is sampling on the basis of theinterest at any time during the follow-up period. A
outcome. This classification system has previouslythird possible measure is the ‘incidence odds’,civhi
been proposed by neil pierce (2f1@reenland and s the ratio of the number of subjects who expeegen
Morgenstern (1988)and Morgenstern and Thomas the outcome to the number of subjects who do not
(1993%, all of whom followed previous authors® experience the outcome. These three measures of
in rejecting directionality (i.e. prospective/ disease occurrence all involve the same numerator:
retrospective or from exposure to outcome vs fromthe number of incident cases of disease. Theyrdiffe
outcome to exposure) as a key feature forin whether their denominators represent person -
distinguishing study designs. Once this two- time at risk, persons at risk or survivors.
dimensional classification system has been adoptedCorresponding to these three measures of disease
then there are only four basic study designs (i)occurrence, the three ratio measures of effect used
incidence studies; (ii) incidence case - control incidence studies are the ‘rate ratio’, ‘risk raamd
studies; (iii) prevalence studies; and (iv) premake  ‘odds ratio®.

case - control studies (Rothman et™all should Incidence case - control studies

first be emphasized that all epidemiological stadie Incidence studies are usually the preferred approac
are (or should be) based on a particular populationto studying the causes of disease, because they use
(the ‘source population’) followed over a partiaula all of the available information on the source
period of time (the ‘risk period’). Within this population over the risk period. However, they are
framework, the most fundamental distinction is often very expensive in terms of time and resoyrces
between studies of disease ‘incidence’ and stugfies and the equivalent results may be achieved more
disease ‘prevalence’. Once this distinction hambee efficiently by using an incidence case - controldst
drawn, then the different epidemiological study design. In incidence case - control studies, the
designs differ primarily in the manner in which relative risk measure is the ‘odds ratio’. The efffe
information is drawn from the source population and measure that the odds ratio (OR) obtained from this
risk period. case - control study will estimate depends on the
Incidence studies manner in which controls are selected. Once again,
Incidence studies ideally measure exposuresthere are three main options that define three
confounders and outcome times of all population subtypes of incidence case - control studies. One
members. Incidence studies also include studiesoption is to select controls at random from those w
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do not experience the outcome during the follow-up because survival for motor neurone disease is so
period, i.e. the ‘survivors’ (those who did not short.

develop the outcome at any time during the follow- Prevalence case - control studies

up period). In this instance, a sample of controlsJust as an incidence case - control study can ée us
chosen by ‘cumulative sampling’ (or exclusive to obtain the same findings as a full cohort stualy,
sampling) will estimate the exposure odds of the prevalence case - control study can be used tanobta
survivors, and the OR obtained in the case - cbntrothe same findings as a full prevalence study in a
study will therefore estimate the incidence ORhi@t more efficient manner. In particular, if obtaining
base population. Early descriptions of the case -exposure information is difficult or costly, thet i
control approach were usually of this type. may be more efficient to conduct a prevalence ease
These descriptions emphasized that the OR wagontrol study by obtaining exposure information on
approximately equal to the risk ratio when the some or all of the prevalent cases and a sample of
disease was rare. It was later recognized thataisnt controls selected from the non-cdses

can be sampled at random from the entire ‘sourceContinuous outcome measures

population’ (those at risk at the beginning of da¥t Cross-sectional studies

up) rather than just from the survivors (thoseisk r In the presentation of prevalence studies abowe, th
at the end of follow-up). This approach, which has health outcome under study was a ‘state’ (e.g.nwavi
been reinvented several times since it was firstor not having hypertension). Studies could involve
proposed by Thomas, has more recently been termedbserving the incidence of the ‘event’ of acquiring
‘case - cohort sampling’ (or inclusive sampling). the disease state (e.g. the incidence of being
Prevalence studies diagnosed with hypertension), or the prevalence of
Incidence studies are usually the preferred approacthe disease state (e.g. the prevalence of
to studying the causes of disease, but they ofterhypertension). More generally, the health stateeund
involve lengthy periods of follow-up and large study may have multiple categories (e.g. non-
resource¥. Also, for some diseases (e.g. asthma andhypertensive, mild  hypertension, moderate
diabetes), incidence may be difficult to measure hypertension and severe hypertension) or may be
without very intensive follow-up. Thus, it is often represented by a continuous measurement (e.g. blood
more practical to study the ‘prevalence’ of diseaise pressure). Since these measurements are taken at a
a particular point in time. This approach has oneparticular point in time, such studies are often
major potential shortcoming, since disease referred to as ‘cross-sectional studies’. Prevaenc
prevalence may differ between two groups becausestudies are a subgroup of cross-sectional studies i
of differences in age-specific disease incidence,which the disease outcome is dichotonfous

disease duration or other population parametersiongitudinal studies

thus, it is much more difficult to assess causationLongitudinal studies (cohort studies) involve
(.,e. whether an exposure increases disease@epeated observation of study participants ovee.tim
incidence) in prevalence studies. They represent the most comprehensive approach
Nevertheless, for many common diseases, studyingince they use all of the available informationtoa
prevalence is often the only practical option arayym source population over the risk period. Incidence
be an important first step in the research processstudies are a subgroup of longitudinal study inchhi
furthermore, prevalence may be of interest infitsel the outcome measure is dichotomous. More
e.g. because it measures the population burden ofienerally, longitudinal studies may involve repédate
disease. For example, motor neurone disease andssessment of categorical or continuous outcome
multiple sclerosis have similar incidence and measures over time (e.g. a series of linked cross-
mortality rates, but multiple sclerosis represeats sectional studies in the same population). A simple
greater burden of morbidity for the health services longitudinal study may involve comparing the
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disease outcome measure or more usually changes way of harvesting the necessary information. The
the measure, over time, between exposed and norselection of one design over another depends on the
exposed groups. For example, rather than comparingesearch question and takes into account validity,
the incidence of hypertension (as in an incidenceefficiency, and ethical concerns. The figures (Fégu
study) or the prevalence at a particular time faa i No.1 and 2) presented here involve ‘ideal typeat th
prevalence study), or the mean blood pressure at are followed in Practice. The modern
particular point in time (as in a cross-sectional epidemiological classification presented here it no
study), a longitudinal study might involve measgrin familiar, which are not followed in practice
baseline blood pressure in exposed and non-exposefitequently. Thus, undoubtedly some readers willl fin
persons and then comparing changes in bloodthe scheme presented here simplistic. Nonetheless,
pressure (i.e. the change from the baseline meéasurahis 4-fold classification of study types has saler
over time in the two groups. One special type of advantages over other classification schemes, Eirst
longitudinal study is that of ‘time series’ captures the important distinction between incigenc
comparisons in which variations in exposure levelsand prevalence studies; in doing so it clarifies th
and symptom levels are assessed over time with eacHistinctive feature of cross-sectional (prevalence)

individual serving as their own compari§on studies, namely that they involve prevalence data
rather than incidence data. Secondly, it captunes t
DISCUSSION important distinction between studies that involve

There is no definitive approach in classifying type collecting data on all members of a population and
of epidemiological studies, and different studies that involve sampling on outcome (thihes t
classification schemes may be useful for different widely accepted distinction between cohort and case
purposes. Each type of design represents a ditferen control studies).

Table No.1: Advantages and Disadvantages of four gs of observational studies

S.Nc | Type of study Definition Advantage: Disadvantage

Difficult to determine temporal
relationship between exposure ard
outcome (lacks time element)
May have excess prevalence fro
long duration cases (such as cas
that last longer than usual but may

not be serious)

. . . Less time-consuming than case-control
Examines relationship between exposure

. . - cohort studies, Inexpensive, Good, quid
1 Cross-sectional and outcome prevalence in a defined .
. . S picture of prevalence of exposure and
population at a single point in time

prevalence of outcome

_‘
~ O

=
=1

D
(2]

Subject to recall bias (based on
subjects’ memory and reports)
'Inefficient for rare exposures (suc|

Relatively inexpensive
Examines multiple exposures in relatign Less time-consuming than cohort studie
to an outcome; subjects are defined as Can evaluate effects of multiple

2]
=

2 Case-control cases and controls, and exposure exposures, - as
O - L Difficult to establish clear
histories are compared Efficient for rare outcomes or outcomes
. . . . chronology of exposure and
with long induction or latency periods
outcome
Can evaluate multiple effects of a single
Examines multiple health effects of a exposure. More efficient for rare e Expensive
Cohort exnosure: subiects are defined according . &XPOsUres and outcomes with long . T .
3 (specifically P hei ' ) level d followed $hduction and latency periods Can directly o Ime-consuming )
o) | e cncurincs. | o aeCste Tidence " | et arecucomes i
Clear chronological relationship betweein long induction or latency periods
exposure and outcor
. Subject to thexological fallacy,
. . . Inexpensive Sh o
Examines relationship between exposure . . which infers association at the
q ith lation-level rath Less time-consuming lation level wh
4 Ecological and outcome with population-level rather Simple and easy to understand population level whereas one may
than individual-level data (usually not exist at the individual level

Examines community-, group-, or

national-level data and trends Difficult to detect complicated

exposure-outcome relationships

defines groups by place, time, or both
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Study designs
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Figure No.1: Major Epidemiologic Study Design
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Figure No.2: Algorithm for classification of typesof clinical research
Available online: www.uptodateresearchpublicatiomc April - June



DivaV J et al./ Asian Journal of Research in Biological and Pharmaceutical Sciences. 3(2), 2015, 52 - 58.

CONCLUSION

The article gives an overview of traditional
classification of epidemiological study designs as
well as
epidemiology.

study designs based on modern
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