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How to conduct well-designed clinical research
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Clinicians and healthcare decision-makers conduct their clinical practice based on the results of clinical trials. However, some health
problems remain unresolved; in such cases, further research is required. To ensure reliable research results, it is important to under-
stand the study design and conduct well-designed clinical trials. Many study designs can be chosen within the two broad categories
of observational and interventional. Clinical studies have a variety of designs, including case series, case-control, cross-sectional, and
prospective and retrospective cohort studies. Well-designed clinical studies can clarify important differences between treatment op-
tions and provide data on long-term drug efficacy and safety. Interpreting the results of clinical trials can be difficult because weak-
nesses in research design, data collection methods, analytic methods, and reporting can compromise their value and usefulness.
However, although randomized controlled trials are limited owing to ethical and practical issues, they are optimal for investigating the
effects of therapy and establishing causality. Here we present an overview of different clinical research designs and review their ad-

vantages and limitations.
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Introduction

In the era of evidence-based medicine, clinicians and
healthcare decision-makers treat patients based on the
results of clinical trials [1]. However, information presented
in clinical trials is only useful if the trial is well planned.
Thus, well-designed study plans and appropriate defini-
tions of eligible participants are required to minimize con-
fusion and other biases [2]. An accurate understanding of
the research design is critical to the professional interpreta-
tion and determination of the validity and generalizability
of the results [2]. Trial participants are randomized to ex-
perimental or control regimens [3].

In a real clinical setting, researchers frequently encounter
situations lacking exact solutions to patients’ health prob-

lems. Although many studies have investigated various dis-
eases, some health problems remain unsolved. As a result,
physicians and researchers have started reviewing related
clinical trials to find applicable solutions. If useful results
have not yet been published, a major conference may be a
source of valuable information. However, if a definite solu-
tion is unavailable, further clinical research is desirable.
Similar study designs can be found at clinicaltrials.gov. If a
newly conceived clinical study has not yet been published,
the potential new study may have sufficient value. Thus,
one can create a simple synopsis of the proposed clini-
cal research, contact pharmaceutical companies for new
drugs, and obtain research funding. The proposed clinical
research is reviewed by the global review committee. The
proposed clinical study will proceed upon receiving ap-
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proval. However, various difficulties can be encountered in
the process of obtaining valuable research results.

This study aimed to help researchers who have started
clinical studies present their research results more effec-
tively. It provides an overview of different research designs
and comments on the strengths and limitations of each.
The characteristics of the study designs used in the clinical
trials are summarized in Table 1.

Retrospective study

It is difficult for novice researchers to start prospective
studies such as randomized controlled trials (RCTs) [4].
Therefore, retrospective studies are more suitable for these
researchers as they are easily conducted. This involves col-

Table 1. Characteristics of study designs used in clinical research

lecting information from previously treated patients and
deriving results through statistical analyses of the content.
Retrospective studies can be divided into case reports or
case series, cross-sectional, case-control, and cohort stud-
ies according to the data collection method [5].

1. Case reports and case series

Case reports and case series have a profound impact on
the literature in medicine and continue to advance our
medical knowledge [6]. The authors reported a possible as-
sociation between specific exposure and the observed re-
sults on the clinical records of one or more subjects. These
studies may be the first to reveal a new disease or adverse
treatment effects. The results of cost-effective studies help
generate hypotheses that may later be explored using more

Study design Characteristics

Advantage

Limitation

Retrospective study designs

Case series Detailed description of cases

Cross-sectional study Exposure and outcome measured at

the same time point

Subjects with and without outcomes
are compared

Cases (those with the outcome of
interest) are compared with con-
trols (those without the outcome of
interest) with respect to exposure

Case-control study

Retrospective cohort study A cohort of subjects free of the
outcome is followed and compared

based on the exposure

Prospective study designs
Prospective cohort study

Randomized controlled trial ~ Randomization: allocation of subjects
to experimental or control group by

chance

Fast and inexpensive
Hypothesis-generating

Useful for describing disease
prevalence

Fast and inexpensive
Hypothesis-generating
Efficient

Suitable for studying rare outcomes
and multiple exposures

Relatively inexpensive
Hypothesis-generating

Suitable for studying multiple
exposures, rare exposures, and
multiple outcomes

Hypothesis-generating

High generalizability

The most accurate and objective
method of collecting information
from numerous patients

Gold standard in establishing causal
effects in studies on therapy

Suitable for studying more than one
intervention

Very limited potential to establish
causal effects

Selection bias

Very limited potential to establish
causal effects

Selection bias
Survival bias

Some potential to establish causal
effects

Can only study one outcome

Choice of the control group can be
difficult

Selection bias
Recall bias

Some potential to establish causal
effects

Selection bias

Can take a long time
Can be expensive

Very expensive

Can take a long time

Not suitable for studying rare events
Can be unethical

Often low generalizability due to
strict selection criteria

Each study design may suffer from a specific type of bias. These are explained in the manuscript.
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advanced research designs; however, causality is seldom
established [5]. However, owing to the potential existence
of weak inferences and the bias associated with such case
reports, researchers are not passionate about developing
frameworks for assessing, evaluating, synthesizing, and ap-
plying the evidence derived from the results of case reports
or case series [6].

2. Cross-sectional studies

Most cross-sectional studies using descriptive methods
based on data from a population or representative group
aim to estimate a prevalence [7]. Most cross-sectional stud-
ies account for the prevalence of disease in a population
or treatment in specific patient groups [5]. However, since
exposures and outcomes are identified simultaneously,
authors and readers should not infer causality unless it can
be safely assumed that the exposure is stable over time and
unaffected by the outcome [7].

3. Case-control studies

Case-control studies can achieve significant scientific find-
ings with little cost, time, and effort relative to other study
designs. This fast road to research results attracts many
young researchers [8]. This study type selects participants
based on outcome variables and compares participants
with conditions (cases) to participants without conditions
(controls). Previous studies compared cases and controls
based on exposure [5]. However, case-control studies tend
to be more sensitive to bias than other comparative studies

[8].

4. Retrospective cohort studies

Cohort studies are observational studies in which a cohort
of individuals sharing some characteristics is followed
over time and the outcomes are measured at certain time
points. Cohort studies can be categorized as prospective or
retrospective [9]. A cohort study allows researchers to in-
vestigate multiple outcomes and exposure variables [5]. A
major advantage of a cohort study is its ability to examine
multiple results that can be related to single or multiple ex-
posures in a single study [9]. In longitudinal cohort studies,
measuring changes in exposure levels and outcomes over
time can provide insight into the dynamic relationship
between exposure and outcomes [9]. In addition, registry
cohort studies collect data retrospectively and prospec-

tively. Several retrospective cohort studies have used data
collected previously for other purposes. As a result, inves-
tigators have little control over the data collection process.
Thus, the measurement of variables may be inaccurate or
inconsistent, resulting in information bias. However, this
research method is useful for analyzing the results of un-
usual or occupational exposure [9].

Retrospective cohort studies use big data from health-
care companies. The potential of big data in the healthcare
field depends on the ability to detect specific patterns and
convert high volumes of data into practical knowledge for
decision-makers and precision medicine [10]. In health-
care systems, big data and data collection are valuable.
The establishment of a big data platform will enable easy
operation, remote consultation, and low cost; strengthen
global cooperation to improve clinical practice, education,
and scientific research; and support the global application
of precision medicine and emerging health management
models [11]. However, the major drawbacks of relying on
large datasets to guide healthcare decision making have
been well documented. The sensitive nature of stored and
analyzed big healthcare data poses a unique challenge [12].

Prospective study

Since retrospective studies use previously collected data,
it is necessary to recognize the possibility of selection bias
and acknowledge the limitations of accepting data based
on statistical results. RCTs are considered the gold standard
for evaluating treatments and other interventions. A defi-
nite advantage of RCTs over observational studies is that
they provide evidence of causality and are unlikely to have
selection bias and prognostic selection [13,14].

1. Prospective cohort studies

A prospective registry cohort study is the most accurate
and objective method to collect information from numer-
ous patients. However, it requires a long follow-up period
of waiting for events to occur; thus, it features a high risk of
loss to follow-up.

2. Phases of clinical trials
Clinical trials can be divided into stages at which a new
drug is tested [4].
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1) Phase I trial

A phase I trial, which is usually conducted in healthy vol-
unteers [15], aims to test the safety of a new drug in hu-
mans and determine its ideal administration method. A
phase I trial is usually not randomized or controlled and
does not include a control group. It mainly consists of a
series of cases in which participants are administered the
drug progressively while being monitored carefully by the
research team [1].

2) Phase II trial

Once a drug’s safety has been evaluated in a phase I trial,
a phase II trial attempts to determine the efficacy of vari-
ous doses and frequencies of its administration in a small,
non-randomized group [16]. If the drug is ineffective or
excessively virulent in a small group of patients, no further
testing is performed. If the drug is effective and its side ef-
fects are tolerable, the researcher can proceed to a phase
II1 trial [1,16].

3) Phase III trial

A phase III trial, which is usually considered a full-scale
RCT, is a comparative definitive study that compares the
effectiveness of a new drug with that of a standard drug
[16,17]. Phase I trials enr oll a large number of patients,
often in the thousands, to determine whether the new
treatment is more effective and less toxic than the standard
treatment [17,18]. Because it requires reliable results from
earlier clinical trials, a phase I trial is the ultimate test of
a new treatment [5]. Although RCTs have powerful study
designs, they are costly because of the large number of en-
rolled patients and interventions. Moreover, it is unethical
to expose patients to an intervention considered inferior to
the standard treatment [4].

4) Phase IV trial

A phase IV trial, usually called post-marketing surveillance,
is a large-scale study that attempts to monitor the adverse
effects of a new treatment after marketing approval. How-
ever, the sample size is often insufficient to identify rare
adverse reactions [19]. Also, since this is a non-interven-
tional study lacking close monitoring, reports of adverse
reactions may be omitted.
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Tips for conducting well-designed
clinical research

We offer young researchers the following tips for designing
clinical trials: when you have an idea about a study, check
clinicaltrials.gov to see if similar studies are already un-
derway. Examine how other researchers have planned and
conducted their studies. If a newly conceived clinical study
has not yet been published, the potential new study has
sufficient value.

- Researchers initially perform a retrospective study. From
case reports or case series to cohort studies, an appro-
priate study design is chosen based on the available data
and research ideas.

- Meaningful results are often obtained from multicenter
prospective studies. Start by participating in multicenter
studies, then lead a multicenter study.

- Combining clinical research and cell line-based experi-
mental research compensates for the limitations of this
research. When confirming the results of clinical research
using clinical data alone, the results are best supplement-
ed with cell line research. A factor that influences good
clinical research is the researcher’s ability to improve
upon basic experimental research or collaborate with a
basic researcher for a study [20].

Conclusion

For successful clinical research, it is important that one
starts with a retrospective study, advances to a prospective
study, participates in and then leads multicenter studies,
and finally cooperates with experimental research teams.
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