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The goal of a clinical study is to determine the factors associated with a disease and to assess
the efficacy and safety of an investigational drug, procedure, or device. Since clinical study de-
signs vary due to unique requirements of individual studies, the aims of this report are to edu-
cate researchers on the different types of studies and to assist researchers in choosing the opti-
mal study type to fulfill their individual requirements. Clinical studies are classified into the two
main types, observational studies and clinical trials, depending on the presence or absence of an
intervention. Observational studies include case-control studies, cohort studies, and cross-sec-
tional studies. Case-control and cohort studies may be prospective or retrospective, and
case-control studies may be nested or not. Clinical trials may be pragmatic and may be con-
trolled or noncontrolled; randomized or nonrandomized; open label or blinded; and parallel,
crossover, or factorial. These observational and clinical trial designs are reviewed. Each type of
clinical study has advantages and disadvantages. Therefore, researchers must consider these in
choosing the design best suited for achieving their study objectives.
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INTRODUCTION

Clinical studies are medical studies of groups of individuals. The goals of clinical studies are to
determine associated disease factors and to assess the efficacy and safety of an investigational
drug, procedure, or device for preventing, diagnosing, and treating disease. Clinical studies may
test for the long-term effects or cost-effectiveness of an investigational treatment. There are
two main types of clinical study, observational studies and clinical trials. In observational studies,
investigators gather information on broad characteristics. For example, investigators may collect
data through medical exams or questionnaires on the effects of lifestyle on cognitive health.
Observational studies provide valuable information and may assist in identifying topics for clini-
cal trials. Clinical trials test the safety and efficacy of medical, surgical, or behavioral interven-

What is already known
Multiple study designs exist to help determine the factors associated with a
disease and to assess the efficacy and safety of an intervention.

Capsule
Summary

What is new in the current study
In this paper we review multiple study designs and discuss their advantages
and disadvantages.
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tions in individuals. Clinical study results have clinical, public, and
economic impacts and need to be well-planned to provide valid
study results.

Since study designs vary due to unique individual requirements,
choosing the optimal study design is important. The aims of this
article are to educate researchers on the different study designs
and to assist those researchers in choosing optimal designs for
fulfilling their research needs.

OBSERVATIONAL STUDY DESIGNS

Observational studies are those in which groups of individuals are
monitored or outcomes are measured without manipulation or
intervention to affect the result. Observational studies include
case-control, cohort, and cross-sectional studies. Advantages and
disadvantages of each type of observational study are listed in
Table 1.

Case-control study

Case-control studies compare groups, such as subjects with a
disease or condition under study (cases) to subjects without the
disease or condition (controls). Investigators study the medical or
lifestyle histories of those in each group to determine factors that
may be associated with the disease or condition (Fig. 1). If a fac-
tor is found more commonly in the cases than in the controls, the
investigator may hypothesize that the exposure is linked to the
disease. For example, in the investigation of risk factors for de-
pression in intensive care unit (ICU) patients, the patients with
depression were defined as cases; and sex, age, length of ICU
stay, and individual medications were considered as risk factors
associated with depression [1].

Clinical study designs

Advantages and disadvantages

The main advantages of a case-control study are low cost and
low time consumption. The case-control approach allows for
study of rare diseases that require lengthy study periods. The
case-control study design allows assessment of multiple factors
at once.

A disadvantage is that bias is inherent in case-control studies.
Case-control studies have the potential for recall bias, the in-
creased likelihood that those with the outcome will recall and re-
port exposures more frequently than those without the outcome.
Recall bias may lead to conclusion of false associations between
exposure and disease.

One of the aspects that is often overlooked is the selection of
cases and controls. Appropriate selection of cases and controls to
obtain a meaningful and scientifically sound conclusion is im-
portant and can be achieved by matching. Matching assists in
risk factor or etiological identification that cannot be explained
by other differences between the groups. Thus, choosing a control
group that bolsters the strength of the case-control study and
enhances the researcher's ability to find valid potential correla-
tions between exposures and disease states is important.

In addition to bias, the investigator must recognize the poten-
tial for confounding factors that result when a variable that is
not being accounted for is related to both the exposure and the
outcome. The potential for confounding is another disadvantage
of case-control studies.

Cohort study

Cohort studies are a type of longitudinal study, an approach that
follows study participants over time. Specifically, cohort studies re-
cruit and follow study participants who share common character-
istics. Baseline information on the individual cohort members are

Table 1. Advantages and disadvantages of a case-control study, cohort study, case-control study within a defined cohort, and cross-sectional study

Study type Advantage

Disadvantage

Case-control study Less expensive, less time-consuming
Good for the study of rare disease
Can assess multiple risk factors at once

Cohort study Effective to establish cause and effect

Vulnerable to bias (recall bias, selection bias, confounding bias)

Possibility of selection bias, information bias

Useful to identify the timelines over which certain exposures can More expensive, more time-consuming (prospective cohort study)

contribution to outcome
Can collect a wide variety of data
Nested case-control study ~ Can reduce the cost to perform the study
Confounders can be matched in matching process
Case-cohort study
Cross-sectional study Useful to assess the prevalence of disease

Can suggest a natural progression with less cost

The ability to study several diseases using the same subcohort

Risk bias in sampling the cohort (retrospective cohort study)
Require the selection of a new set of controls for each distinct disease

Require a more complicated statistical analysis
Cannot infer causality

Cannot estimate incidence rate

Not good for studying rare disease

Susceptible to nonresponse bias and recall bias
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Case-control study
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Fig. 1. Case-control study, prospective cohort study, and retrospective cohort study.

gathered first to get detailed picture of the cohort. Then, investiga-
tors collect data from different time points in the study. Investiga-
tors compare the development of disease between two groups, the
exposed and the nonexposed groups, generated from the baseline
information. Also, by comparing data from the follow-up points,
investigators can evaluate the effects of factors on health.

Prospective cohort study and retrospective cohort study

Cohort studies can be prospective or retrospective. A prospective
cohort study investigates an event, for example, a disease, yet to
occur in the group. A retrospective study investigates an event
that has already occurred (Fig. 1).

Prospective cohort studies require recruitment of groups of
participants to follow over time to gather new data. For expo-
suredisease correlations, investigators follow the participants
from presence of exposure to development of disease. One pro-
spective cohort study of syncope prognosis based on emergency
department (ED) diagnosis generated a cohort from a group of
adult patients with ED visits for syncope. The patients were fol-
lowed for 30 days to investigate the frequency of serious out-
comes and determine the factors associated with the outcome [2].

Retrospective cohort studies involve analysis of preexisting
data. For exposure-disease investigations, retrospective cohort
studies identify populations with and without an exposure based
on past records and then assess disease development by the time
of study. For example, to determine the effects of three aspects of
care provided by primary physicians (physician specialty, continu-
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ity of care, and comprehensiveness of care) on patient use of the
ED, investigators created a retrospective cohort of adults aged 18
years and older using provincial administrative databases that
covered a 3-year span. The primary care variable and covariables
were measured during an initial baseline period (the first 2 years
of the study); visits to the ED for the primary outcome were mea-
sured during the last year of the study [3].

Advantages and disadvantages

One of the advantages of cohort studies is their effectiveness in
establishing cause and effect. Cohorts are usually large, allowing
investigators to draw relatively confident conclusions regarding
the links between risk factors and disease. In many cases, because
participants are often free of disease at the commencement of
the study, cohort studies are particularly useful at identifying the
timelines over which behaviors contribute to disease develop-
ment. Another advantage is that investigators can collect a wide
variety of data in cohort studies that can be used in multiple
ways. A study on the impact of smoking, for example, might re-
veal links with multiple types of diseases. Investigators can also
compare degrees of risk among risk factors.

Like case-control studies, cohort studies are subject to bias.
Some of the biases observed with cohort studies include selection
bias and information bias. Selection bias results when exposure is
linked to study participation. Individuals with an exposure may
refuse to participate in the study at a higher rate than those
without the exposure. Selection bias also occurs when the ex-
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posed are lost to follow-up. Because of selection bias, interpreta-
tion of associations between exposures and outcomes is difficult.
Information bias occurs when the data in past records are inac-
curate in the evaluation of exposure status creating interpreta-
tion difficulties. Causal inference problems also result in prospec-
tive cohort studies when participants who are aware of their par-
ticipation in a cohort alter their behavior during follow-up. In ad-
dition to bias, disadvantages of prospective cohort studies include
their time consumption and expense compared to case-control
studies. Retrospective cohort studies are more pragmatic; the use
of historical data decreases time and expense requirements.
However, retrospective approaches increase the risk of bias in
sampling of the cohort due to missing data. Retrospective cohort
studies are also weakened by the data fields available not being
designed with the study in mind.

Case-control studies based within a defined cohort

This type of study combines some of the features of a cohort
study with those of a case-control study design. When a defined
cohort is embedded in a case-control study design, all baseline
information is collected before the onset of disease, and the co-
hort is followed until onset of disease. One of the advantages of
this design is the elimination of recall bias as the information re-
garding risk factors is collected before onset of disease. Case-con-
trol studies based within a defined cohort can be further classified
into nested case-control studies and case-cohort studies.

Nested case-control study

This type of study design involves the selection of several controls
for each case, typically from those still under observation at the
time when the case developed the disease. A nested case-control
study consists of a defined cohort with suspected risk factors and

® Case —4 Censored ® Control

)
b o |

)
)

Time

Clinical study designs

assignment of controls within the cohort to cases, subjects who
develop the disease [4]. Over a period, cases and controls are
identified and followed as per the study protocol. Hence, the case
and control are matched in time and length of follow-up (Fig.
2A). When this study design is implemented, controls may be-
come cases. The procedures for sampling in a nested case-control
study follow. Select all those who become cases. Select controls
randomly from those still at risk at time of case development (risk
set), selection of five controls typically maximizes efficiency. Con-
trols are time-matched to cases. Individuals can be controls more
than once, and an individual selected as a control may later be-
come a case. In the matching process, additional matching on
confounders is often involved. One such study examined the as-
sociation between incident injury after prescription opioid initia-
tion and subsequent risk of opioid-related adverse events (ORAEs).
The nested case-control study was conducted in a cohort of indi-
viduals 65 years and older. This assessment was of the association
of prescription opioid use with recency of injury among older pa-
tients. ORAE cases were identified as patients who became inpa-
tients or outpatients with a diagnosis code for opioid misuse, de-
pendence, or poisoning. Using 1:4 matching, controls were ran-
domly selected using incidence density sampling with matching
criteria that included the year of cohort entry date and a disease
risk score [5].

Nested case-control studies have some limitations. When more
than one disease outcome is considered, a strict implementation
of the nested case-control design requires selection of a new set
of controls for each distinct disease outcome. Estimation of risk is
not possible because the at-risk period is unknown. We can esti-
mate rate, however, if the size and fraction of each risk set are
known; but this is not a trivial matter, especially if there are
time-dependent effects.

Select subcohort, P%
at start of follow-up

® Case — Censored = Subcohort

Time

Fig. 2. Case-control study based within a defined cohort. (A) Nested case-control study. Controls are time-matched to the cases. (B) Case-cohort study.

Subcohort is not time-matched to the cases.
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Case-cohort study

Case-cohort study designs were proposed as an alternative to the
nested case-control study design. This design requires only selec-
tion of a subcohort random sample and all cases. Cases are de-
fined as those participants of the cohort who developed the dis-
ease of interest, but controls are identified before the cases de-
velop (Fig. 2B). Controls are randomly chosen from all cohort par-
ticipants regardless of disease of interest status, allowing for early
collection of baseline data. Case-cohort studies are similar to
nested case-control studies; the main difference between the
two study types is the way in which controls are chosen. A
case-cohort study was conducted to examine the association be-
tween the risk factors and hospitalization in a cohort of dog bite
victims requiring ED visits. The risk factors included infection,
complicated injury, host defense abnormality, number of previous
evaluations for the injury, and anatomic location of the bite. The
case-cohort design was chosen because cases could be identified
in a well-defined administrative cohort, medical record review
was required for each study patient, and the risk ratio was the
effect measure of interest. Cases were cohort members who were
admitted as inpatients directly from the ED. From the cohort, a
simple random sample was selected for the subcohort compari-
son group. Some patients were included into both subcohort and
case groups [6].

Compared to the nested case-control studies, a major advan-
tage of the case-cohort design is the ability to study several dis-
ease outcomes using the same subcohort. For example, investiga-
tors interested in determining if smoking is a risk factor for both
diabetes and lung cancer would require two control groups with
a nested case-control design, while a case-cohort design only re-
quires one subcohort. Unlike the nested case-control study, the
case-cohort study can estimate rate or risk, since the measure-
ment in the subcohort can be observed for any time up to vari-
able event onset.

A case-cohort study has some limitations. Information bias can
be increased when the subcohort is established after baseline.
With much censoring, the subcohort becomes “thin" and may not
be representative of the cohort. Also, statistical analysis is more
complicated than with a nested case-control study.

Cross-sectional study

A cross-sectional study is a type of observational study that in-
volves data collected at a defined time; a cross-sectional study
analyzes data from a population, or a representative subset, at a
specific point in time. These studies are often used to assess the

Clin Exp Emerg Med 2024;11(1):33-42
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prevalence of acute or chronic conditions but cannot be used to
answer questions about the causes of disease or the results of in-
terventions. That is, cross-sectional data cannot be used to infer
causality because temporality is not known. Cross-sectional stud-
ies may involve special data collection, including questions about
the past, but often rely on data originally collected for other pur-
poses.

Advantages and disadvantages

The use of routinely collected data allows large cross-sectional
studies to be conducted at little or no expense. A natural progres-
sion has been suggested from cross-sectional studies of routinely
collected data that suggest hypotheses, to case-control studies
that test these hypotheses more specifically, to more costly and
time-consuming cohort studies and trials that provide stronger
evidence.

Temporal association cannot be established as the information
is collected at the same time point. If a study involves a question-
naire, the investigator can ask questions about onset of symp-
toms or risk factors in relation to onset of disease. The prevalence
of a disease can be determined; the incidence cannot. Cross-sec-
tional studies are not suited for studying rare diseases and are
susceptible to biases such as nonresponse bias and recall bias.

CLINICAL TRIAL

A clinical trial is a prospective study of the effects of interven-
tions or manipulations of interest. Since this type of study can
provide the most convincing demonstration of evidence of cau-
sality, the design requires meticulous planning and resources to
provide an accurate result.

General considerations

When designing a clinical trial, selecting a representative popula-
tion that assures generalizability to the target population is of
paramount importance, as is selection of appropriate endpoints.
Endpoints need to be well-defined, reproducible, clinically rele-
vant, and achievable. The types of endpoints are continuous, ordi-
nal, nominal, and time-to-event; and the endpoint is typically
classified as primary, secondary, or tertiary. An ideal endpoint is a
purely clinical outcome; for example, cure or survival, and clinical
trials can be long and expensive. Surrogate endpoints may be bi-
ologically related to the ideal endpoint and need to be reproduc-
ible, easily measured, related to the clinical outcome, affected by
treatment, and occur earlier than the clinical outcome.
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Controlled vs. noncontrolled trials

Clinical trials are divided into controlled versus noncontrolled
clinical trials depending on the presence or absence of a control
group for the investigational treatment of interest.

Uncontrolled trials

Uncontrolled trials are often used in the early phases of drug re-
search, phases | and Il, to determine pharmacokinetic properties
or to investigate tolerated dose ranges. Uncontrolled trials can
also be useful to study side effects, biochemical changes in long-
term therapies, tolerance, interaction, or efficacy of drugs. Un-
controlled trials produce higher estimates of the mean effect
than those obtained in a controlled trial since, by not having a
control group acting as a reference, uncontrolled trials can in-
duce erroneous impressions of the investigated drug [7]. Sine
these trials generate bias, the results of uncontrolled trials are
considered less valid than those of controlled trials.

Controlled trials
The design of these trials includes at least one treatment group
that is compared with a control group. The control group receives
placebo or another active treatment. Both groups are studied si-
multaneously, except when the control group is derived from his-
torical data or when some adaptive designs are used. Controlled
trials are the most common in clinical phase Ill. Controlled trials
allow the participant's outcome to be discriminated from an out-
come caused by other factors, such as the natural history of the
disease or the expectations of the participant or the investigator.
Common controls are placebo control, active treatment con-
trol, control with dose comparison, and historical control. Partic-
ular care is required when attempting to use placebo control and
historical control.

Placebo control

Placebo is defined as “an inert or innocuous substance used espe-
cially in a controlled experiment testing the efficacy of another
substance (such as a drug)" [8]. This is especially useful if the
outcome measured is subjective and should only be used if no
permanent harm (death or irreversible morbidity) occurs by de-
laying available active treatment for the duration of the trial. The
ethics of placebo-controlled studies is complex and continues to
create a debate in the medical research community. According to
the Declaration of Helsinki on the use of placebo released in Oc-
tober 2013, "the benefits, risks, burdens, and effectiveness of a
new intervention must be tested against those of the best proven
intervention(s), except in the following circumstances: where no
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proven intervention exists; the use of placebo, or no intervention,
is acceptable; or where for compelling and scientifically sound
methodological reasons the use of any intervention less effective
than the best proven one, the use of placebo, or no intervention
is necessary to determine the efficacy or safety of an intervention
and the participants who receive any intervention less effective
than the best proved one, placebo, or no intervention will not be
subject to additional risks of serious or irreversible harm as a re-
sult of not receiving the best proven intervention. Extreme care
must be taken to avoid abuse of this option” [9]. Hence, while
designing a research study, both the scientific validity and ethical
aspects of the study will need to be thoroughly evaluated.

Active treatment control

This design involves comparing a new drug with a standard drug
or comparing the combination of new and standard therapies
versus standard therapy alone. This design is more ethical than
the placebo control, provided that approved drugs are available
for the disease under study.

Control with dose comparison

Different doses or regimens of the same treatment are used as
the active arm and control arm. The purpose is to establish a re-
lationship between the dose and the efficacy and safety of the
intervention. This design can include active and placebo groups in
addition to the different dose groups. The design may be ineffec-
tive if the therapeutic range of the drug is not known.

Historical control (external and nonconcurrent)

In this design, the information from the controls is not obtained
during the study but is from subjects who were treated at an ear-
lier time or in a different setting. This design has an advantage
when studying rare conditions in which difficulty arises in gener-
ating a sample size. This design is also cost-effective and
time-saving. However, the design has many disadvantages. Ran-
domization and blinding are not possible, and the comparability
of the current intervention with the historical control is difficult
due to the differences in baseline characteristics of the subjects.
The comparability problem can be addressed to some extent by
statistical methods, but the information obtained may not be ac-
curate or reliable and may lack uniformity and/or completeness.

Randomized vs. nonrandomized clinical trials
Clinical trials are randomized or nonrandomized based on the
method used to allocate a participant to a treatment or control

group.
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Randomized clinical trials

A randomized clinical trial involves randomizing participants with
similar characteristics to one of two or multiple groups, the
group(s) that receives the intervention/experimental therapy and
the other group(s) that received the placebo or standard of care.
Randomization is typically performed using a computer software
package. Hence, we can measure the outcomes and efficacy of
the intervention or experimental therapy being studied without
bias as participants with similar baseline characteristics have
been randomized to their respective groups. Randomized con-
trolled trials are the gold standard for clinical study. However, this
study design is generally not applicable to rare and serious dis-
ease processes due to the ethics involved in treating affected in-
dividuals with a placebo.

Nonrandomized trials

A nonrandomized trial involves an approach of selecting controls
without randomization, usually allocation of participants into
groups by the investigator. This may also result from selection of
participants and controls based on day of the week presentation
or assignment to a particular clinician. This type of participant
and control selection becomes predictable. Therefore, there is bias
introduced that can impact the validity of the results.

Open-label vs. blind trials

Clinical trials are divided into open-label versus blind trial based
on participants' or investigators' awareness of the treatment
group to which participants have been allocated.

Open-label trials

Certain treatments cannot be blinded such as surgeries or if the
treatment group requires an assessment of the effect of interven-
tion. In this case, open-label trials are planned in which both trial
participants and investigators know the group assignment of the
participants.

Blind trials

This is a method used in clinical trials to reduce the risk of inten-
tional or unintentional bias. There are three forms of blinding:
single, double, and triple blind. In a single-blind study, only the

CEEM

participants do not know their group assignment until the trial is
over. In double-blind studies, both the study participants and the
investigator are unaware of the group to which subjects were al-
located. Double-blind studies are typically used in clinical trials to
test the safety and efficacy of drugs. In triple-blind studies, par-
ticipants, investigators, and data analysts are unaware of the
group allocation. Those who are directly or indirectly involved in
the trial, such as caregivers and data recorders, should also be
blinded to the group allocation of the trial participant in order to
increase the effect of blinding.

Parallel, crossover, and factorial design trials

Based on the treatment structure, clinical trial designs are classi-
fied into parallel, crossover, and factorial designs. A summary of
the advantages and disadvantages of each design is provided in
Table 2.

Parallel design trials
A parallel design of a clinical trial is a design in which two or
more groups of participants receive different interventions. Par-
ticipants are assigned to one of the treatment arms at the begin-
ning of the trial and continue in that arm throughout the length
of the trial (Fig. 3). This is the most common clinical trial design.
Parallel design has two advantages over the crossover design
described later. All other conditions being the same, the duration
of the study is shorter and the visits required are fewer, which re-
sults in a study that is less burdensome for the participant. The
statistical analysis requires fewer assumptions, which, if not veri-
fied, would reduce the reliability of the conclusions. The weakness
of the parallel design is that it requires a larger sample size than
the crossover design.

Crossover design trial

The crossover clinical trial is a design in which all participants re-
ceive the same two or more treatments, but the order of receipt
depends on the group of assignment. Hence, in this type of de-
sign, there are two groups that undergo the same intervention/
experiment at different time periods. That is, each group serves as
a control while the other is undergoing the intervention/experi-
ment. A "washout" period is recommended in order to eliminate

Table 2. Advantages and disadvantages of parallel, crossover, factorial design trials

Trial design Advantage Disadvantage
Parallel Shorter duration of the study and less burdensome for the participant Require a larger sample size comparing to crossover design
Require fewer assumption for the statistical analysis
Crossover A smaller sample size comparing to parallel design Possibility of carryover effect
Factorial Efficiency from fewer participants than separately performed trials Difficulty for experimenting with more than one factors, or many levels

Clin Exp Emerg Med 2024;11(1):33-42
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Parallel

Treatment A only

Crossover

" No treatment A
Treatment B only
== No treatment B

== Both treatment A and treatment B

= Neither treatment A nor treatment B

Factorial

Fig. 3. Parallel design trial, crossover design trial, and factorial design trial.

residual effects of the intervention or experiment (carryover ef-
fect) when the experiment group transitions to the control group,
or vice versa (Fig. 3).

The main advantage of the crossover design is that each sub-
ject acts as a their own control. Therefore, a smaller number of
subjects is required in comparison to parallel group studies be-
cause of removing of participant variation in this way. This type
of trial can only be considered when the disease persists for a rel-
atively long period. Hence, crossover trials are mostly used in
studying chronic diseases. The main disadvantage is that the car-
ryover effect may be aliased (confounded) with direct treatment
effects as they cannot be estimated separately.

Factorial trial

In a factorial trial, two or more intervention comparisons are car-
ried out simultaneously. For example, participants may be ran-
domized to receive aspirin or placebo and randomized to receive
a behavioral intervention or standard care. This factorial trial
has two factors, each of which has two levels; there are called
2 x 2 factorial trials (Fig. 3). Whenc designing a factorial trial,
the main intention of investigators is to achieve “two trials for
the price of one"; and the assumptions are that the effects of
the different active interventions are independent, and that
there is no interaction (no synergy or antagonism) between the
treatments. The interaction effect between the two treatments
can be tested by a proper methodology. Since a 2x 2 factorial
trial can be seen as two trials addressing different questions, it
is important that both parts of the trial are reported as if they
were part of a two-arm parallel group trial. Thus, in the exam-
ple given, we would expect to view the results for aspirin versus
placebo, including all participants regardless of whether they
had behavioral intervention or standard care, and likewise of

40

the behavioral intervention. An evaluation of the interaction
between the two treatments based on the factorial design may
also be available.

The factorial design allows investigators to obtain evidence
about efficacy from fewer patients than would be needed if
treatment A and B were individually tested in two separate trials.
The main disadvantage is the difficulty of experimenting with
more than one factor or level. A factorial design must be planned
meticulously, as an error in one of the levels, or in the general
operationalization, will jeopardize a vast amount of work.

Pragmatic clinical trial design

A classical clinical trial may not be adequately reflective of prac-
tice because the trial may have been optimized to determine in-
tervention efficacy. Because such trials were also performed with
a relatively small size of highly selected participants at sites with
experienced investigators, the trials could overestimate benefits
and underestimate harm of the intervention. These concerns cre-
ate the need for more pragmatic trials designed to demonstrate
the actual effectiveness of the intervention in more generalized
settings. Trial design can be more pragmatic when considering
four domains: the study population, the setting of the trial, oper-
ationalization of the intervention, and the outcome measures
[10,11]. In order to provide the comprehensive evaluation of com-
parative clinical effects of 0.9% saline and balanced crystalloids
across the full spectrum of diseases typical for hospitalized adults,
a pragmatic trial was conducted among noncritically ill adults
who were subsequently hospitalized outside an ICU. This trial was
designed to consider broad eligibility criteria, large sample size,
study procedures that included routine care, and execution of the
trial by clinical personnel [12,13].
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CONCLUSION

The different types of clinical studies are used for different rea-
sons. Selecting the best design for a given study is critical to a
successful outcome. In terms of the quality of evidence, a clinical
trial is superior to an observational study. Observational studies
are, however, conducted much more frequently than clinical trials.
Ethical considerations and cost are main reasons that observa-
tional studies are frequently employed. A case-control study is a
valuable tool for exploring risk factors for rare diseases or when
other types of study are not feasible. Investigators explore possible
associations between exposure and disease through case-control
studies, and data from case-control studies can provide a focus for
future studies. Then, through cohort studies or clinical trials, the
evidence of an association between exposure and disease can be
increased. Cohort studies are often complex, large, and long in du-
ration. However, with careful planning and implementation, co-
hort studies are valuable in providing healthcare evidence. To re-
duce cost and achieve the same goal as a cohort study, nested
case-control and case-cohort study are alternatives. These types
of studies are based on large cohorts and can be useful in "big
data" analysis [14]. Nested case-control and case-cohort study
designs are efficient in terms of cost and can be used to evaluate
the relationship between exposure and disease. Compared to a
nested case-control design, the case-cohort design is more effi-
cient and allows an investigator to study several disease outcomes
using the same random sample [15]. While there are some advan-
tages in observational studies, biases are inherent and should be
addressed. Recently, as studies using “big data" have become pos-
sible, well-designed historical control studies have increased. In
clinical trials, appropriate control group selection is vital. The clini-
cal trial study should be planned so that those involved in the
study, including participants, are blinded to the maximum extent
possible. The classical trial designs are parallel, crossover, and fac-
torial designs. In addition, although not applicable to all diseases
or clinical trials, new methodologies such as adaptive designs can
shorten the duration of a clinical trial. Investigators should also
consider pragmatic clinical trials that are more efficient, pa-
tient-centered, and empirical and are conducted in order to pro-
vide more valuable clinical and policymaking information.
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