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This article describes cohort and case-control studies, differences between the two study types and biases that observational research may be susceptible

to.

Objectives:

1. Define cohort and case-control
studies

2. Describe the differences between
cohort and case-control studies

3. Describe different types of bias that
observational research is susceptible
to

bservational studies

are often warranted

and necessary when a

randomized control trial

is unethical to perform,
when the outcome or condition of interest
is rare, or as a hypothesis generating study
to determine if future randomized control
trials are warranted.! Cohort and case-
control studies are two commonly used
observational study designs. In cohort
studies, participants with an exposure
of interest (e.g., a medication or lifestyle
modification) are monitored over time
for development of a particular outcome
(the dependent variable such as heart
attack, stroke, development of disease,
side effect, etc.). In contrast, case control
studies identify individuals with a particular
outcome of interest and researchers
retrospectively compare exposures between
the two groups. However, the results of
these studies should be interpreted with
caution as these studies are subject to several
biases.

Cohort Studies

Cohort studies divide participants
into groups based on whether they have
experienced an exposure of interest.!
Participants are followed over time to
determine whether they develop the disease
or outcome of interest. An example of an
ongoing cohort study is the Millennium
Family Cohort.? The study is evaluating
the impact of military service on family
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members with a 21 year follow up

period. Families are grouped based on the
deployment status of service members

and outcomes of interest include the
mental health, coping skills and well-being
of military personnel and their family
members.

Cohort studies are the best design for
exploring potential relationships between
rare exposures and development of an
outcome (or disease), but are also widely
used for common exposures as well. Cohort
studies can be prospective or retrospective.
Prospective studies follow participants from
exposure until the outcome of interest
occurs or the end of the observation period,
while retrospective studies often utilize chart
review from past patient records. Prospective
studies are subject to less bias, but require

TABLE 2. Comparison of Observational Study Designs

Participant Groups

LD (independent variable)

Scenario: A researcher is investigating the association between smoking and cancer

more time and resources than retrospective
evaluations. The relationships between
exposure and outcomes are often reported as
a relative risk for experiencing the outcome
between exposure groups (see part 2 of this
series for a review of relative risk).!
Temporal effects (effects which may
develop over time) can be evaluated in
cohort studies as the exposures precede
the outcome, which is one important
aspect of determining causality. However,
given the risk of confounding variables in
cohort studies, results should be interpreted
cautiously as there are many other aspects
of causality which need to be considered.?
Given that this temporal relationship
exists and that research on risk factors
through randomized control trials are
often considered unethical (e.g., smoking),

Study Outcome
(dependent variable)

Prospective vs
Retrospective

Participant groups based on
whether patient has encountered
exposure of interest (e.g.,
grouped as smokers and
nonsmokers)

Cohort Study

Compares the rates of
development of cancer
between the two groups
(e.g., would determine the
relative risk of developing
cancer between the
smoking and nonsmoking
groups.

Prospective or
retrospective

Participant groups based on

Case-Control whether or not patient has the

Study based on having cancer or not

having cancer)

outcome of interest (e.g., grouped

Compares the risk of
exposure in the outcome
group compared to the
control group (e.g., would
determine the odds of
having been exposed to
smoking)

Retrospective

Participant groups based on
whether or not patient has the
outcome of interest within a
cohort study (e.g., grouped based
on having cancer or not having
cancer but all participants are
taken from the same cohort)

Nested Case-
Control Study

Can be
prospective within
a cohort study

Same as case-control
study

WWW.pswi.org



cohort studies are often utilized in this
area.! An example of a large, cohort study
now in its third generation of participants
is the Framingham Heart Study in which
researchers are looking to establish the
effects of diet, exercise and medications on
heart disease.*

Case-Control Studies

In case-control studies, participants with
an outcome of interest are retrospectively
matched with control group participants
who have not experienced the outcome.!
Researchers retrospectively determine
the risk of exposure for the participants
in each group through the collection of
past exposure data, and then evaluate how
frequently they occur in each group. Choice
of the control group is extremely important
in case-control studies and can introduce
bias if not chosen correctly. Everyone in the
control group should have the opportunity
to develop the outcome of interest; for
example, men should not be included in
a study of risk factors leading to ovarian
cancer. Case-control studies can be used to
help decide whether a specific exposure may
have a relationship to the development of
the outcome of interest .interest, or even
to a rare side effect.! However, given their
weaker study design they are often primarily
considered to be hypothesis-generating
studies. hypothesis-generating studies.

In some instances, case-control studies
may be the only option for ethical reasons
when studying rare outcomes or if there is
a large time period between the exposures
and the outcomes of interest. One example
of such an occurrence involves the case-
control study of the relationship between
Creutzfeldt-Jakob disease and dietary risk
factors.” This four year study separated
participants based on whether or not
Creutzfeldt-Jakob disease was diagnosed and
utilized a participant survey to examine the
consumption of various types of meats. This
survey was used to verify the increased risk
of Creutzfeldt-Jakob disease associated with
the meat consumption.

Given that case-control studies are
retrospective, these studies cannot be used
to calculate relative risk directly; instead odd
ratios are used to demonstrate relationships
between the outcome and the exposure.®
Relative risk cannot be directly calculated
because these studies do not determine the
risk of an outcome; rather the likelihood of
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TABLE 1. Bias in Observational Research

Type of Bias

Brief Description of Bias

The manner in which groups
Selection Bias
groups differing at baseline

are determined results in study

Example situation when the bias could be
present

A prospective cohort study is conducted
investigating the relationship between
ipratropium use and arrhythmias; however,
patients who utilized ipratropium had more
severe COPD.

Information Bias data prompts a researcher to

cause of the disease

Unequal collection of exposure

more preferentially search for a

A case-control study is investigating
potential risk factors for a resistant
infection. However, researchers collect
exposure data face to face in a hospital for
the infection group and over the phone for
the control group.

Recall Bias

without the disease

Patients with a disease have more
“may be better able to remember
past exposures a possible cause
of the disease versus patients

A case-control study is investigating
potential relationships between OTC
medications and birth defects. Women who
have children with birth defects may be
more likely to remember medications that
took than those with healthy children

being exposed is calculated.!

An odds ratio in a case-control
study is interpreted differently from the
traditional definition. An odds ratio from
a randomized control trial determines the
odds of developing an outcome amongst
those in an exposure group compared to
the odds in a control. In a case-control
study, the odds ratio determines the odds of
exposure amongst a group of participants
with an outcome compared to the odds
in a control without the outcome of
interest. For example, an odds ratio from
a hypothetical case-control study about
deep vein thrombosis may find that a
sedentary lifestyle is four times as frequent
in participants who developed a thrombus
compared to participants with an active
lifestyle.

Although case-control studies are
typically retrospective, an exception is
the nested case-control design. A nested
case-control is usually a sub-study “nested”
within a cohort study.” Both outcome
and control group participants are drawn
from the original cohort study, and
participants are prospectively followed
from exposure to outcome. The benefit of
conducting a nested case-control study is
the minimization of recall bias (described in
the following section) or errors in medical
records data extraction.

Biases
Selection bias occurs in an observational
study when the two study groups differ

in some measured or unmeasured
characteristics at baseline, or in the
opportunity to develop the outcome being
studied. Selection bias undermines the
internal validity of an observational study,
as it creates the question of whether the
association found was truly due to what
is being studied or due to a confounding
variable such as differences between groups
at baseline.

Information bias stems from
inconsistent data collection between
study groups.® For example in a case-
control study, exposure information from
those with the disease may be gathered
bedside while a participant is hospitalized,
whereas control group information may be
gathered via telephone conversations. This
difference in information gathering may
trigger an observer to more thoroughly and
preferentially research diseased participants
for a cause. To prevent information bias,
data collection in both cohort and case-
control studies should be performed by
a blinded observer who is unaware of the
group allocations for each participant.

Another potential data collection bias
is recall bias. Since retrospective studies
utilizing interviews often rely on the
memory of participants or family members
to recall an exposure, those participants
who have the outcome often have more
incentive to try to recall more possibilities”
to “tend to be more likely to recall potential
exposures.® For example, a researcher might
interview two groups of patients: those with
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and without active ulcers. Patients with
ulcers may be more likely to propose several
contributing factors for their ulcer such as
stress, NSAID use, or alcohol consumption.
In contrast, patients without ulcers may
not note these exposures as they did not
experience the ulcers themselves. Both
information and recall bias reduce internal
validity as they call into question whether
the observed differences between the two
groups were due to differences in how the
data were gathered.

Threats to external validity, can also
be present in observational research and
involve selection of the participant sample.®
If inclusion criteria are too restrictive, the
ability to generalize of the results to a larger
population decreases. Other common biases
that can occur in observational studies are
attrition bias and potential confounding
factors, which were defined in part 6 of this
series.

Conclusion

This article reviewed definitions and
examples of case-control and cohort studies,
and the different biases that can affect
the internal and external validity of these
observational studies.

Practice Question

1. Observational studies are useful in which
types of situations?
a. Unethical exposure risks
b. Rare disease states
c. Lengthy study time requirements
d. All of the above

2. Participants grouped by an outcome of
interest and then have exposure risks
retrospectively determined is an example
of which type of study?

a. Cross-over Study

b. Cohort Study

c. Case-Control Study

d. Randomized Control Trial

3. A researcher who collects exposure data
inconsistently between patient groups in a
case-control study places the study at risk
for which bias?

a. Information bias

b. Selection bias

c. Recall bias

d. A decrease in external
validity

Answers:

1. d. All of the reasons given are situations in

which observational studies are useful
and other study designs may not be
appropriate.

2. c. Case-control studies group each patient
set together based on the absence or
presence of the outcome of interest.
Exposure risks for each group are then
retrospectively determined to produce an
odds ratio.

3. a. Information bias becomes a risk when a
data collector in an observational study
is prompted or gives preference to more
thoroughly searching for exposure data
based on inconsistent data collection
settings.
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