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The Case Control Study Design Epidemiology: A Comprehensive Guide

case control study design epidemiology is a cornerstone of observational
research, providing a powerful yet distinct methodology for investigating the
relationship between exposures and diseases. This retrospective approach
allows researchers to identify potential risk factors for a specific outcome
by comparing individuals who have the condition (cases) with those who do not
(controls). Understanding the nuances of this design is crucial for public
health professionals, epidemiologists, and medical researchers alike, as it
informs disease prevention strategies and the development of targeted
interventions. This article will delve deeply into the case-control study,
exploring its fundamental principles, its strengths and weaknesses, the
critical steps involved in its implementation, and its vital role in the
broader field of epidemiology. We will examine how this design helps uncover
associations, the challenges in selecting appropriate cohorts, and the
interpretation of its findings.
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Understanding the Case-Control Study Design in
Epidemiology

The case-control study design is a fundamental tool in epidemiology for
investigating potential causes or risk factors for a disease or health
outcome. It is characterized by its retrospective nature, meaning it looks
backward in time to identify exposures that may have led to the development
of a specific condition. This design is particularly useful when studying
rare diseases or outcomes with long latency periods, where following a large
cohort forward in time would be impractical or cost-prohibitive.



At its core, a case-control study begins by identifying individuals who have
a particular disease or condition of interest – these are termed 'cases.'
Concurrently, a group of individuals who do not have the disease are selected
as 'controls.' The primary objective then becomes to determine if there is a
statistically significant difference in the frequency of exposure to certain
factors between the cases and the controls. This comparative approach allows
researchers to infer whether a particular exposure is associated with an
increased or decreased risk of developing the disease.

The Fundamental Principles of Case-Control
Studies

The underlying principle of a case-control study is to ascertain past
exposures in relation to a present outcome. Unlike cohort studies that follow
exposed and unexposed groups forward, case-control studies start with the
outcome and look backward for the exposure. This is a crucial distinction
that dictates how the study is designed, conducted, and analyzed.

Identifying Cases and Controls

The first crucial step in any case-control study is the precise definition
and identification of both cases and controls. Cases are individuals who
manifest the disease or outcome under investigation. It is imperative that
the criteria for defining a case are clear, objective, and consistently
applied to ensure accuracy and comparability. Similarly, controls must be
selected from the same source population as the cases, meaning they should
represent individuals who, had they developed the disease, would have been
eligible to be included as cases. This ensures that any observed differences
in exposure are attributable to the disease itself, not to underlying
differences in the population from which the participants were drawn.

Retrospective Exposure Assessment

A defining characteristic of the case-control design is its retrospective
assessment of exposure. Researchers collect information about past exposures
from both case and control groups. This can be achieved through various
methods, including interviews, questionnaires, medical records, or laboratory
tests. The accuracy and completeness of this exposure data are critical for
the validity of the study findings. Inaccuracies can lead to
misclassification of exposure, which is a significant source of bias.



Comparing Exposure Frequencies

Once exposure data has been collected, the next step is to compare the
proportion of individuals exposed to a specific factor in the case group
versus the control group. If the exposure is a risk factor for the disease, a
higher proportion of cases will report past exposure to that factor compared
to the controls. Conversely, if the exposure is protective, a lower
proportion of cases will report exposure.

Key Components of a Case-Control Study Design

Successful implementation of a case-control study hinges on several critical
components that must be meticulously planned and executed. These elements
ensure the study’s integrity, validity, and the reliability of its
conclusions.

Defining the Research Question

A well-defined research question is paramount. It should clearly state the
disease or outcome of interest and the specific exposure(s) being
investigated. A focused question guides the entire study, from case and
control selection to data collection and analysis. For example, "Is there an
association between smoking and the risk of developing lung cancer?" is a
clear and specific research question suitable for a case-control study.

Source Population Selection

The choice of the source population from which cases and controls are drawn
is fundamental. This population should be clearly defined and representative
of the population to which the study findings will be generalized. The
accessibility and representativeness of the source population directly impact
the generalizability of the study results. For instance, if studying a
disease prevalent in a specific geographic region, the source population
should ideally be limited to that region to minimize confounding from
environmental or genetic factors unique to other areas.

Matching Strategies

In an effort to control for potential confounding variables – factors that
could influence both the exposure and the outcome – matching is often
employed. Matching involves selecting controls who are similar to cases on



one or more characteristics, such as age, sex, socioeconomic status, or
geographic location. There are two main types of matching: individual
matching, where each control is matched to a specific case, and frequency
matching, where the distribution of matching characteristics is similar in
both groups. While matching can increase the efficiency of a study, it can
also be complex to implement and may limit the ability to study the effect of
the matched variables themselves.

Strengths of the Case-Control Study Design

The case-control study design, despite its limitations, offers several
significant advantages, making it an indispensable tool in epidemiological
research.

Efficiency for Rare Diseases

One of the most prominent strengths of case-control studies is their
efficiency in investigating rare diseases. Identifying and following a large
cohort of individuals over time to wait for a rare event to occur can be
logistically challenging and prohibitively expensive. Case-control studies,
by starting with individuals who already have the disease, bypass this
hurdle, making them an ideal choice for studying uncommon conditions.

Reduced Time and Cost

Compared to longitudinal or cohort studies, case-control studies are
generally less time-consuming and less expensive to conduct. Because they are
retrospective, they do not require lengthy follow-up periods. This allows
researchers to obtain results more quickly, which can be crucial for
informing public health interventions or policy decisions in a timely manner.

Investigating Multiple Exposures

A single case-control study can efficiently examine the relationship between
a disease and multiple potential exposures. Once cases and controls are
identified, researchers can collect data on a wide range of past exposures
simultaneously. This makes the design versatile for exploring various
hypotheses about disease etiology without needing to initiate separate
studies for each potential risk factor.



Suitable for Diseases with Long Latency Periods

For diseases that develop over many years or even decades after exposure,
case-control studies are particularly advantageous. It would be impractical
to follow a cohort for such extended periods. By starting with cases who have
the disease, researchers can investigate exposures that may have occurred
many years prior, making it feasible to study conditions like certain cancers
or chronic degenerative diseases.

Limitations and Potential Biases in Case-
Control Studies

While valuable, case-control studies are susceptible to several limitations
and biases that can affect the validity of their findings. Awareness and
mitigation of these issues are crucial for accurate interpretation.

Recall Bias

Recall bias is a significant concern in case-control studies, particularly
when information is gathered through self-report. Individuals who are ill
(cases) may have a heightened awareness of potential causes for their
condition and may recall past exposures more thoroughly or with greater
detail than healthy individuals (controls). This differential recall can lead
to an overestimation or underestimation of the association between an
exposure and the disease. For example, a patient with lung cancer might be
more inclined to remember every instance of smoking than someone without the
disease.

Selection Bias

Selection bias can arise if the cases and controls are not selected from the
same underlying population or if the selection process is influenced by the
exposure status. If the control group does not accurately represent the
population that would have produced the cases had they developed the disease,
the results can be distorted. For instance, if controls are recruited from a
hospital setting for a disease that is also treated in that hospital, they
might have different underlying health characteristics or lifestyles than the
general population, leading to biased estimates.



Information Bias (Misclassification Bias)

This type of bias occurs when there are systematic errors in the measurement
of exposure or outcome. For example, if exposure is assessed using interviews
and cases tend to overreport their exposure while controls underreport it,
this is misclassification. Similarly, if diagnostic criteria for the disease
vary in accuracy between the groups, misclassification can occur. This can
lead to an inaccurate assessment of the association between the exposure and
the disease.

Inability to Determine Incidence Rates

Case-control studies, by their retrospective nature, cannot directly
calculate incidence rates (the rate of new cases in a population over a
specific period). They can only determine the odds of exposure among cases
compared to controls. This means they can assess association but not the
absolute risk or the incidence of the disease in exposed and unexposed groups
directly.

Conducting a Case-Control Study: A Step-by-Step
Approach

The execution of a case-control study involves a structured, systematic
process to ensure the collection of accurate data and the generation of valid
results. Each step requires careful consideration and planning.

Step 1: Formulating the Research Hypothesis and
Defining the Study Population

The initial phase involves developing a clear, testable hypothesis about the
relationship between a specific exposure and a health outcome. Following
this, the target population for the study must be precisely defined. This
includes specifying geographical boundaries, age ranges, and any other
relevant demographic characteristics. This definition forms the basis for
identifying potential cases and controls.

Step 2: Identifying and Recruiting Cases

Cases are individuals who have been diagnosed with the disease or condition
of interest. Recruitment typically involves identifying potential cases from



sources such as hospitals, clinics, disease registries, or population-based
surveys. It is crucial to have clearly defined diagnostic criteria to ensure
that only eligible individuals are included. The selection of cases should be
based on their occurrence during a specific time period and from the defined
source population.

Step 3: Selecting and Recruiting Controls

The selection of controls is as critical as the selection of cases. Controls
should be individuals from the same source population as the cases who do not
have the disease under study. They should be representative of the population
that would have generated the cases had they developed the disease. Common
sources for controls include hospital-based controls (individuals admitted
for conditions unrelated to the exposure of interest), community controls
(randomly selected from the general population), or friends/relatives of
cases. The method of control selection can significantly influence the
potential for bias.

Step 4: Collecting Exposure Data

Once cases and controls are identified, data on past exposures is
systematically collected. This can be done through various methods:

Interviews: Structured or semi-structured interviews with participants.

Questionnaires: Self-administered or interviewer-administered
questionnaires.

Medical Records Review: Extracting information from existing patient
charts.

Biological Samples: Analyzing blood, urine, or tissue samples for
markers of exposure.

Surveys: Utilizing data from existing population surveys.

The method chosen should be appropriate for the type of exposure being
investigated and should aim to minimize recall bias and misclassification.

Step 5: Data Analysis and Interpretation

The collected data is then analyzed to compare the frequency of exposure
between cases and controls. The primary measure of association in case-



control studies is the odds ratio (OR), which estimates the odds of exposure
among cases compared to the odds of exposure among controls. Statistical
tests are used to determine if the observed association is statistically
significant. Interpretation involves considering the magnitude of the odds
ratio, its confidence interval, and potential sources of bias or confounding.

Selecting Cases: Criteria and Considerations

The accurate and precise selection of cases is the bedrock upon which a
reliable case-control study is built. Without well-defined and appropriately
identified cases, the subsequent comparison with controls will be flawed,
rendering the study’s conclusions invalid.

Clarity of Case Definition

A rigorous and unambiguous definition of a "case" is paramount. This
definition must specify the diagnostic criteria for the disease or outcome
under investigation. It should be based on established medical
classifications, laboratory findings, or clinical signs and symptoms. The
definition should be detailed enough to distinguish individuals with the
disease from those who are healthy or have unrelated conditions, minimizing
the inclusion of individuals with misdiagnoses or less severe forms of the
condition.

Source of Cases

The source from which cases are identified is a critical consideration.
Common sources include:

Hospital-based registries: For diseases that require hospitalization,
cancer registries, or specific disease registries maintained by
healthcare institutions.

Clinics and healthcare providers: Referrals from physicians or
specialized clinics.

Population-based surveys: For conditions that may not always require
medical attention or are widespread.

Disease registries: Official databases that track specific conditions.

The chosen source should be representative of the broader population at risk
for the disease.



Inclusion and Exclusion Criteria

Beyond the primary case definition, specific inclusion and exclusion criteria
are vital. Inclusion criteria might specify that the individual must have had
their diagnosis confirmed by a specific test or within a certain timeframe.
Exclusion criteria might involve individuals who have received certain
treatments that could confound the exposure-outcome relationship or those who
are unable to provide reliable information due to severe illness.

Timing of Case Ascertainment

The temporal relationship between diagnosis and exposure ascertainment is
important. Ideally, exposure information should be collected as close in time
as possible to the diagnosis to minimize recall bias and changes in exposure
patterns that might occur after the disease onset. However, due to the
retrospective nature of these studies, this is not always fully achievable.

Selecting Controls: Strategies and Challenges

The selection of controls is arguably the most challenging aspect of
designing a case-control study, as an inappropriate control group can
introduce significant bias and invalidate the study’s findings.

Representativeness of the Source Population

The most critical principle for control selection is that controls must be
drawn from the same source population as the cases. This means that, had they
developed the disease, they would have been eligible to be included as a
case. This ensures that the underlying characteristics of the groups, apart
from the disease, are comparable. If controls are not representative,
selection bias can occur.

Common Sources of Controls

Several common strategies are used for selecting controls:

Hospital-based controls: Patients admitted to the same hospital for
conditions other than the disease under study. These are convenient and
often readily available, but may have different underlying health status
or lifestyle factors than the general population.



Population-based controls: Individuals randomly selected from the
general population of the study area. This is considered the ideal
source for ensuring representativeness, but can be more challenging and
costly to recruit.

Neighborhood controls: Individuals living in the same geographic area as
the cases.

Friend or relative controls: Individuals nominated by the cases. While
easy to recruit and often matched for socioeconomic status and
lifestyle, they may share unmeasured genetic or environmental factors
with the cases, potentially biasing results.

Matching Controls to Cases

Matching is a technique used to reduce confounding by ensuring that the
distribution of certain characteristics (e.g., age, sex, socioeconomic
status) is similar in the control group as in the case group. This can be
done on an individual basis (each control is matched to a specific case) or
on a group basis (frequency matching, where the proportions of individuals
with a certain characteristic are similar in both groups). While matching can
increase study efficiency and reduce confounding, it can also make it
difficult to study the effect of the matched variables and can limit
generalizability if the matching criteria are too restrictive.

Challenges in Control Selection

Key challenges include:

Difficulty in defining and accessing the appropriate source population
for controls.

Higher cost and effort required to recruit and interview population-
based controls.

Potential for participation bias, where individuals who agree to
participate in a study may differ systematically from those who do not.

The challenge of ensuring comparability across all relevant factors,
both measured and unmeasured.



Measuring Exposure: Methods and Accuracy

Accurate measurement of past exposures is fundamental to the validity of a
case-control study. The reliability of the findings directly depends on the
precision and objectivity of the exposure data collected.

Methods of Exposure Assessment

Various methods can be employed to assess past exposures, each with its own
advantages and disadvantages:

Interviews and Questionnaires: These are common methods where
participants are asked about their past behaviors, environmental
exposures, or lifestyle factors. Structured questionnaires can improve
consistency, while interviews allow for clarification and probing.
However, these methods are prone to recall bias and social desirability
bias.

Medical and Employment Records: Reviewing existing records can provide
objective information about past medical treatments, occupational
exposures, or environmental conditions. This method can reduce recall
bias but may be subject to missing information or incomplete
documentation.

Biomarkers: Measuring biological indicators of exposure in biological
samples (e.g., blood, urine, hair) can provide objective evidence of
past exposure. For instance, measuring cotinine levels in blood can
confirm recent smoking. However, biomarkers may only reflect recent
exposures and can be costly to measure.

Environmental Monitoring Data: For environmental exposures, data from
air quality monitoring, water testing, or soil analysis can be used to
estimate exposure levels for individuals residing in specific areas.

Minimizing Misclassification Bias in Exposure
Assessment

To reduce misclassification bias during exposure assessment, researchers
should:

Use standardized protocols for data collection.

Train interviewers thoroughly to ensure consistency.



Employ validated questionnaires and instruments.

Where possible, use multiple sources of exposure information to cross-
validate findings.

Consider the temporal relationship between exposure and disease onset.

The Role of Latency Period

The latency period, the time between initial exposure and the onset of a
detectable disease, is a crucial consideration. For exposures with a long
latency period, retrospective exposure assessment must be able to accurately
capture exposures that occurred many years prior. This often necessitates
relying on historical records or well-established recall periods.

Data Analysis in Case-Control Studies

The analysis of data from a case-control study focuses on comparing the
frequency of past exposures between individuals with the disease (cases) and
those without (controls). The primary goal is to determine if an exposure is
associated with an increased or decreased risk of the disease.

Contingency Tables

Data is typically organized in a 2x2 contingency table. This table displays
the number of individuals in each of the four categories:

Exposed Cases: Individuals who have the disease and were exposed.

Unexposed Cases: Individuals who have the disease but were not exposed.

Exposed Controls: Individuals who do not have the disease but were
exposed.

Unexposed Controls: Individuals who do not have the disease and were not
exposed.

This structure allows for the calculation of various measures of association.



Calculating the Odds Ratio (OR)

The odds ratio (OR) is the primary measure of association in case-control
studies. It is calculated as follows:

OR = (Odds of exposure among cases) / (Odds of exposure among controls)

In terms of the 2x2 table (a, b, c, d, where a = exposed cases, b = unexposed
cases, c = exposed controls, d = unexposed controls):

OR = (a/b) / (c/d) = (ad) / (bc)

The OR provides an estimate of the relative odds of having been exposed in
the past among those who developed the disease compared to those who did not.
It is an approximation of the relative risk, especially for rare diseases.

Confidence Intervals and Statistical Significance

To assess the statistical significance and precision of the odds ratio, a
confidence interval (CI) is calculated. A 95% CI for the OR indicates the
range of values within which the true odds ratio is likely to lie 95% of the
time. If the 95% CI does not include 1.0, the association is considered
statistically significant at the 5% level. This means that the observed
association is unlikely to be due to random chance alone.

Controlling for Confounding Variables

In the analysis phase, it is crucial to account for potential confounding
variables. These are factors that are associated with both the exposure and
the outcome and can distort the observed association. Statistical techniques
such as conditional logistic regression are commonly used to adjust for
confounding variables, providing an adjusted odds ratio that reflects the
association between the exposure and the disease, independent of the effects
of the confounders.

Interpreting Results: Odds Ratios and
Association Strength

Interpreting the findings from a case-control study involves understanding
the odds ratio and its implications for the relationship between an exposure
and a disease. This interpretation must be done cautiously, considering the
potential for bias and confounding.



Understanding the Odds Ratio

The odds ratio quantifies the strength and direction of the association
between an exposure and a disease. Several interpretations are possible:

OR = 1.0: Indicates no association between the exposure and the disease.
The odds of exposure are the same in cases and controls.

OR > 1.0: Suggests a positive association. The odds of exposure are
higher among cases than among controls, implying the exposure may be a
risk factor for the disease. The larger the OR, the stronger the
association.

OR < 1.0: Suggests a negative association. The odds of exposure are
lower among cases than among controls, implying the exposure may be
protective against the disease.

Assessing Statistical Significance

The statistical significance of the odds ratio is determined by its
confidence interval (CI). If the 95% CI for the OR does not include 1.0, the
association is considered statistically significant. This implies that the
observed association is unlikely to be due to random variation. A narrow CI
indicates a precise estimate of the OR, while a wide CI suggests more
uncertainty. A statistically significant OR greater than 1.0 indicates that
the exposure is associated with a significantly increased risk of the
disease.

Considering Bias and Confounding

Even if a statistically significant association is found, it is crucial to
consider potential sources of bias and confounding that might have influenced
the results. These include recall bias, selection bias, and misclassification
bias. If these biases are suspected, they can lead to an overestimation or
underestimation of the true association. The presence of confounders that
were not adequately controlled for in the analysis can also lead to erroneous
conclusions about the specific effect of the exposure.

Causality Assessment

It is important to remember that a case-control study can demonstrate
association but cannot definitively prove causation. Establishing causality



requires considering multiple factors, including the strength of the
association (OR), consistency of findings across studies, temporality
(exposure preceding disease), biological plausibility, and dose-response
relationships. Case-control studies contribute valuable evidence to the
overall assessment of causality.

When to Use a Case-Control Study: Applications
in Epidemiology

The case-control study design is a versatile epidemiological tool, employed
in a wide array of scenarios where its unique strengths are most beneficial
for investigating health outcomes.

Investigating Rare Diseases

As previously highlighted, case-control studies are exceptionally well-suited
for studying rare diseases. It is logistically challenging and resource-
intensive to identify and follow a large enough cohort to observe a
sufficient number of rare disease events. By selecting cases who already have
the rare condition, researchers can efficiently examine potential risk
factors that might have contributed to its development.

Studying Diseases with Long Latency Periods

Many chronic diseases, such as certain types of cancer, cardiovascular
diseases, and neurodegenerative disorders, develop over many years or even
decades after the initial exposure to a causal agent. Case-control studies
are invaluable in these situations because they allow researchers to
retrospectively investigate exposures that may have occurred many years
before the diagnosis. This retrospective approach circumvents the need for
extremely long and expensive prospective follow-up.

Exploring Multiple Potential Risk Factors

The design allows for the simultaneous investigation of multiple potential
risk factors for a single disease. Once cases and controls are identified,
researchers can collect data on a broad range of exposures, such as lifestyle
habits, occupational exposures, dietary patterns, and environmental factors.
This makes it an efficient method for generating hypotheses and identifying
several plausible contributors to a disease etiology within a single study.



When Experimental Studies are Not Feasible or
Ethical

In many epidemiological contexts, it is not possible or ethical to conduct
randomized controlled trials (RCTs). For example, one cannot ethically assign
individuals to smoke or not smoke to study lung cancer. In such situations,
observational study designs like case-control studies become the primary
means of investigating associations between exposures and diseases. They
allow researchers to examine real-world associations without intervening in
individuals' lives.

Resource-Limited Settings

Due to their relative efficiency in terms of time and cost compared to cohort
studies, case-control studies can be a more practical choice in settings with
limited financial or personnel resources. This allows researchers in various
environments to conduct important epidemiological investigations and
contribute to public health knowledge.

The Importance of Case-Control Studies in
Public Health

Case-control studies play an indispensable role in public health by providing
crucial insights that inform prevention strategies, policy development, and
resource allocation. Their ability to investigate potential causes of
diseases, particularly rare and chronic conditions, makes them a vital tool
for understanding disease burden and mitigating its impact on populations.

These studies help identify modifiable risk factors, such as smoking, poor
diet, lack of physical activity, or occupational hazards. By pinpointing
these associations, public health professionals can design targeted
interventions, educational campaigns, and policy changes aimed at reducing
exposure to these risk factors, thereby preventing disease incidence. For
example, early case-control studies were instrumental in linking smoking to
lung cancer, which has had profound implications for public health policy and
smoking cessation programs worldwide.

Furthermore, case-control research is essential for understanding the
etiology of emerging diseases or outbreaks. When a new health concern arises,
a case-control study can be rapidly designed to investigate potential common
exposures among affected individuals, helping to quickly identify the source
and implement control measures. The efficiency of this design in such
situations is invaluable for public health response.



Ultimately, the findings derived from case-control studies empower public
health agencies to make evidence-based decisions, allocate resources
effectively, and develop effective strategies for disease prevention and
health promotion. They form a critical part of the evidence base that
underpins our understanding of disease and guides efforts to improve
population health.

Frequently Asked Questions about Case Control Study
Design Epidemiology

Q: What is the primary difference between a case-
control study and a cohort study in epidemiology?
A: The primary difference lies in their starting point and direction. A case-
control study begins with the outcome (disease) and looks backward for
exposures, while a cohort study begins with exposures and follows individuals
forward in time to observe the development of the outcome. Case-control
studies are retrospective, whereas cohort studies are generally prospective.

Q: When is a case-control study the most appropriate
design to use?
A: Case-control studies are most appropriate for studying rare diseases,
diseases with long latency periods, when the exposure of interest is rare, or
when it is unethical or impractical to conduct experimental studies. They are
also efficient for exploring multiple potential risk factors for a single
disease.

Q: What is the main measure of association in a
case-control study, and what does it represent?
A: The main measure of association is the odds ratio (OR). It represents the
ratio of the odds of exposure among individuals with the disease (cases) to
the odds of exposure among individuals without the disease (controls). It
estimates the relative odds of having been exposed in the past for those with
the disease compared to those without.

Q: What is recall bias, and why is it a concern in
case-control studies?
A: Recall bias is a systematic error that occurs when individuals with a
disease (cases) remember or report past exposures differently than
individuals without the disease (controls). Cases may have a greater



incentive or ability to recall exposures they believe may have caused their
illness, leading to an overestimation of the association between the exposure
and the disease.

Q: How can selection bias be minimized in a case-
control study?
A: Selection bias can be minimized by carefully defining the source
population from which both cases and controls are drawn, ensuring that
controls are representative of this source population, and using standardized
recruitment procedures for both groups. It is crucial that individuals who
develop the disease would have had an equal chance of being selected as
controls.

Q: Can a case-control study establish causality?
A: No, a case-control study can demonstrate association between an exposure
and a disease, but it cannot definitively establish causality on its own.
Causality is inferred by considering multiple factors, including the strength
of the association, consistency of findings across different studies,
temporality, biological plausibility, and dose-response relationships, which
are often assessed using the Bradford Hill criteria.

Q: What is the role of matching in case-control
studies?
A: Matching is a technique used to control for confounding variables by
selecting controls who are similar to cases on specific characteristics, such
as age, sex, or socioeconomic status. This helps to ensure that observed
differences in exposure are more likely due to the disease and not to these
matching factors.
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