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Abstract
Adequate design is an essential condition for conducting a successful study. This review describes the most common types 
of research design in medicine. We discuss the differences between different types of observational and interventional stud-
ies, their advantages and limitations providing examples for each study design. The concept of bias and its potential sources 
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Аннотация
Адекватный дизайн является необходимым условием для проведения успешного научного исследования. В настоя-
щем обзоре представлены основные типы дизайна научных исследований в области медицины. Авторы обсуждают 
основные различия между несколькими видами наблюдательных и интервенционных исследований, а также их пре-
имущества и недостатки на примере опубликованных статей. В обзоре представлена концепция систематических 
ошибок и их возможные причины. Обсуждаются подходы к выбору дизайна исследования в зависимости от задач 
исследования, а также методы описания результатов. В тексте даны ссылки на рекомендации по организации и 
представлению результатов различных типов исследований, которые были предложены за последние годы.
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Scientific studies in medicine can be described as ‘a 
planned and systematic effort based on evidence for the 
solution of any health problems using data with high de-
gree of accuracy’ [1]. Thus, the aim of medical research 
is not limited to the acquisition of pure scientific knowl-
edge, but also implies beneficial contribution to the 
wellbeing of individual patients and public health. This 
imposes great responsibility on scientists and physicians 
organising and undertaking medical studies. Chances 
for conducting a successful research and obtaining high-
quality data depend on the adequacy of the study de-
sign – a concept which is often underestimated and over-
looked. However, in contrast to the errors in application 
of the statistical methods it is almost impossible to cor-
rect failures of study design after the research has been 
conducted. Poor planning of the research design is one 
the most common causes of manuscript rejection by sci-
entific journals [2]. Unfortunately, inadequate research 
design is one of the major problems in studies conducted 
by postgraduate students in Russia.

Designing a study includes two key considerations 
that are often overlooked. The first and most important 
step is the proper formulation of the research question, 
followed by a thorough scientific literature search and 
defining the existing gaps in knowledge [3]. The stud-
ied problem should be ethical, researchable, novel 
and clinically significant. Quite often the researchers 
waste their time, effort and resources on the problems 
that have already been studied or, on the opposite, for-
mulate a research hypothesis that can hardly be tested 
properly in the real-life setting. In some cases, the au-
thors do not give sufficient attention to the ethics of 
study conduction and its reporting.

The second step in research planning is study design 
type selection. The potential objectives of medical research 
include risk factors and disease aetiology, their prevalence 
and incidence rates, patients’ survival, quality of screen-
ing procedures, diagnostic methods, efficacy and safety 
of treatment, prevention measures and patient-reported 
outcome measures, all of which may require different ap-
proach to study planning. Some types of study design are 
more accessible and easier to organise while others require 
significant resources and planning. The aim of this review 
is to provide basic information regarding approaches to re-
search planning, highlighting differences between the most 
common types of study design, their possible application 
and limitations, as well as current standards of conducting 
and reporting research in clinical medicine.

DEFINITIONS
There are several terms used throughout this review, 

which require definition.
Subject is an individual (patient) participating in the 

study.

Prospective and retrospective studies. In prospec-
tive studies a group of subjects is actively followed 
by the researchers for predefined period of time to de-
termine the outcomes that will happen in the future. 
In retrospective studies, the authors have information 
about existing outcomes and collect data on past ex-
posures (e.g., from medical records). To complicate 
things even more, there are also ambidirectional stud-
ies that include both retrospective and prospective 
phases.

Prevalence is the proportion of a population who 
have a specific characteristic at a specific time point 
or in a given time period, regardless of when they 
first developed the characteristic. Prevalence is re-
ported as a percentage (e.g., 10%, or 10 people out of 
100), or as the number of cases per 1000 (or any oth-
er number of people, for example 10 000 or 100 000) 
people.

Incidence indicates the number of new cases of a dis-
ease or condition that develop in a population in a speci-
fied time period. Incidence is reported as a number of 
new cases per 1000 (or 10 000, or 100 000) people per 
a  certain time period, for example 10 cases per 1000 
people per year.

Association is a statistical relationship between two 
variables (e.g., exposure and outcome), however it does 
not necessarily mean that there is a cause-effect relation-
ship between them.

Causation means that the exposure produces the 
effect.

Bias is a systematic error in the interpretation of the 
data due to a factor that has not been accounted for in 
statistical analysis. In other words, bias is a tendency to 
overestimate or underestimate a studied parameter. Bias 
exists in all types of research design and can occur at any 
stage of the research process – from data accumulation to 
statistical analysis [4].

Confounding is a distortion of the true relationship 
between exposure and outcome by the influence of one 
or more factors, called confounders. Confounders are 
connected both with the cause and the outcome (Fig. 1). 
Failure to control for confounding factors can lead to so-
called confounding bias.

Selection bias occurs when systematic differences 
exist between baseline characteristics of the groups 
that are compared. As a result, the difference in base-
line characteristics of the groups (but not the studied 
exposure or intervention) can play a major role in pro-
ducing the different outcomes. Randomisation helps 
to prevent this via random allocation of interventions 
to participants.

Performance bias is specific to differences that occur 
due to knowledge of interventions allocation, in either 
the researcher or the participant.
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Measurement bias occurs when individual mea-
surements, for example biochemical, are inaccurate.

Recall bias occurs in retrospective studies when 
participants do not remember previous events or ex-
periences accurately or omit details.

Observer bias occurs if the investigator knows the 
exposure status of the subject  – this knowledge can 
influence measurements (in other words the researcher 
sees what he wants to see). Only double-blinded stud-
ies are not prone to observer bias, because neither the 
subjects nor the investigators know the exposure sta-
tus.

Information bias results from imperfect definitions 
of study variables of flawed data collection. An ex-
ample could be accidental misclassification of people 
with the disease as controls thus affecting the discrim-
ination (sensitivity and specificity) of the diagnostic 
test in case-control studies.

Temporal bias occurs when the researchers assume 
a wrong sequence of events which misleads the rea-
soning about causality. Study designs where partici-
pants are not followed over time are prone to temporal 
bias.

Attrition bias occurs when participants leave dur-
ing a study. Different rates of loss to follow-up in 
the exposure or control groups, or losses of different 
types of participants, whether at similar or different 

frequencies, may change the characteristics of the 
groups, irrespective of the exposure or intervention. 
Schulz and Grimes [5] considered that loss of 5% of 
participants is unlikely to introduce bias, loss of be-
tween 5% and 20% might be a source of bias, and loss 
of 20% of patients or more gives concerns about the 
bias.

Publication bias occurs when the outcome of a 
study influences the decision whether to publish it. 
For example, studies with statistically significant 
results are more likely to be published than those 
without.

STUDY CLASSIFICATION
There are several ways to classify study design in 

medicine based on the data collection technique, cau-
sality, relationship with time, descriptive or analytical 
(inferential) approach and several other parameters 
(Fig. 2).

Basic studies
Basic studies, also known as experimental research, 

are designed to assess cause-outcome relationships be-
tween the variation of the independent variable and its 
effect on dependent variable in a highly controlled set-
ting. This type of research is required to develop and im-
prove analytical procedures, including biochemical and 

FIG. 1. Illustration of confounding.
РИС. 1. Пример конфаундинга.

Note: statistical analysis showed that coffee consumption is a significant risk factor for heart disease occurrence. However, available evidence suggests 
that many subjects who regularly drink coffee are also smokers. In reality, smoking is the true risk factor of heart diseases development, but if the results 
of the study would not be adjusted for a potential confounder this may lead to significant bias – and the effect of coffee consumption on the occurrence 
of the heart diseases would be overestimated.

Примечание: представим, что по результатам некоторого статистического анализа чрезмерное употребление кофе является достоверным 
фактором риска сердечно-сосудистых заболеваний (ССЗ). При этом известно, что многие люди, регулярно употребляющие кофе, также явля-
ются курильщиками. Курение – один из истинных факторов риска ССЗ. Таким образом, если при статистическом анализе не сделать поправку 
на курение (стандартизацию по курению), можно допустить систематическую ошибку и влияние употребления кофе на развитие ССЗ будет 
переоценено.

True
association

Сonfounded
association

Association
between exposures

Сonfounder
(smoking)
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Outcome
(heart disease)
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FIG. 2. Classification of study design in medicine.
РИС. 2. Классификация медицинских исследований.

genetical tests, imaging techniques, statistical methods 
and models. It also includes animal experiments, cell 
culture studies, genetic, biochemical, pharmacologi-
cal and physiological evaluations (see example [6] in 
Table 1). Basic studies require precise specification and 
implementation of the procedures and experimental de-
sign, e.g. the studied animal species, number of groups 
and cases, conditions of the experiments, dosages of 
the studied medications etc. [7]. This allows control-
ling for potential confounding and achieving high in-
ternal validity of the study (low risk of bias). However, 
the results of the basic studies often cannot be directly 
implemented in the clinical setting, in other words their 
external validity is sometimes limited. The standards of 
conducting and reporting the results of the basic stud-
ies have been developed, for example the ARRIVE1 
(Animal Research: Reporting of In Vivo Experiments) 
guidelines for animal experiments [8].

Observational studies
Observational studies do not utilise any experi-

ments or interventions. The investigated factors 
cannot be controlled in observational studies; how-
ever, their results are closer to real-life setting. 
Observational studies are classified as descriptive, 
which report separate disease cases or cohorts, or an-
alytical, which investigate the associations between 
the characteristics of patients and outcomes (Fig. 1). 
Quite often observational studies combine descrip-
tive and analytical approaches. Observational studies 
include case reports, case series, case-control, cross-
sectional, cohort and ecological studies.

Case report and case series
Case report describe rare or remarkable patient 

and disease characteristics in a single patient (see ex-
ample [9] in Table 1). If the study includes more than 

one patient it is called a case series (see example [10] 
in Table 1). Case reports and case series represent the 
simplest type of research because they do not require 
a control group for comparison. However, the authors 
should provide a clear and detailed description of a 
well-defined condition in each case to ensure the read-
ers recognise it in clinical practice. In case series the 
characteristics of all patients must be provided in a 
similar fashion. The report of the case series usually 
includes only descriptive statistics  – proportions for 
discrete variables (characteristics which can be defined 
only as ‘present’ [yes] or ‘not present’ [no]) and means 
with standard deviations or medians with interquartile 
ranges for continuous variables (numeric, e.g. systolic 
blood pressure or serum creatinine concentration).

These types of research are required to generate hy-
potheses and to plan further, more complicated stud-
ies, as well as to inform the professional community 
about new emerging diseases. They are simple, cheap 
and easy to perform in clinical setting, and the data 
may be collected retrospectively. The cons of case re-
ports and case series include the lack of a comparison 
group and biased selection of cases which are all iden-
tified in clinical practice and usually represent either 
the most typical or the most atypical examples of the 
disease. This leads to a poor generalizability of the 
study results (low external validity). And any associa-
tions discovered in these types of research are prone 
to potentially unmeasured confounding not identified 
by the investigators.

The CARE2 (standing for CAse REports) guide-
lines were developed to increase the accuracy, trans-
parency and usefulness of case reports [11].

Cross-sectional studies
Cross-sectional studies (also known as prevalence 

studies) investigate the prevalence of diseases, risk 
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factors, outcomes or any other health-related charac-
teristics in a particular population in a certain moment 
of time (see example [12] in Table 1). The main param-
eter assessed in this type of studies is prevalence of a 
condition of interest that is the proportion of individu-
als with the condition (e.g., chronic kidney disease) at 
some moment of time among all the people at risk. To 
conduct a cross-sectional study, the researchers need 
to define the studied population, to create the sample 
population and to determine the presence or absence 
of the condition of interest in each individual of the 
sample population. Sampling should be performed 
in such a way that each combination of individuals 
in the general population has an equal probability of 
being selected to achieve adequate representation in 
the study sample. This is usually achieved by random 
sampling. However, in some situations convenience 
sampling (when the sample is taken from a group 
of people easy to contact or to reach) is also valid. 
Another requirement is the strict and clear definition 
of the studied condition and methods of its diagnosis. 
Algorithms of data acquisition should be similar in 
all individuals (e.g., questionnaires, electronic docu-
mentation, imaging techniques, etc.). The results of 
the cross-sectional studies report the prevalence of 
the studied condition as a percentage or the number 
of cases per some number of individuals (e.g., 1000 
or 100 000 adults) with 95% confidence interval (CI).

In many cases, the researchers in cross-sectional 
studies (surveys) also acquire data on the prevalence 
of exposure to factors that can be associated with dis-
ease outcome [13]. For example, the scientists can 
gather information about smoking habit (exposure) 
and the evidence of cardiovascular diseases (outcome) 
from each individual in the sample population. In that 
case each participant will fall into one of the four 
groups: (a) people who have been exposed and have 
the disease, (b) people who have been exposed, but 
do not have the disease, (c) people who have not been 
exposed, but have the disease and (d) people who have 
not been exposed and do not have the disease. These 
groups can be represented in 2 × 2 contingency table 
(crosstab), where rows indicate exposure and columns 
indicate outcomes or disease occurrence (Table 2).

Knowing these four numbers we can calculate the 
following parameters:
•	 	the number of all individuals exposed: a + b;
•	 	the number of all individuals unexposed: c + d;
•	 	the number of all individuals with disease (outcome): 

a + c;
•	 	the number of all individuals without disease 

(outcome): b + d;
•	 	the total number of the studied individuals (N): a + b 

+ c + d;
•	 	the prevalence of disease in exposed and unexposed 

individuals:  and  respectively;

•	 	the prevalence of exposure in patients with and 
without disease:  and  respectively.

To analyse the association between exposure and dis-
ease occurrence (outcome) one can calculate either the 
odds ratio (OR) or the relative risk (RR) with 95% CI 
using logistic regression. OR and RR calculation will be 
described in a separate review. It can be performed us-
ing statistical software (R, SPSS, etc.) and online-calcu-
lators3,4.

Cross-sectional studies are useful for public health 
planning, understanding risk factors and aetiology of 
common diseases, and generating hypotheses for fur-
ther investigations. However, they provide no data 
about causal relationships and only describe associa-
tions. Cross-sectional studies are less prone to the po-
tential bias that is common in case series and allow the 
researchers to obtain representative results, because the 
sample is often taken from the general population or cer-
tain population of interest (e.g., heavy industry workers). 
But as a result, the generalizability of the conclusions is 
limited to the certain sampled population, and there is 
always a risk for selection bias.

Additionally, since cross-sectional studies may assess 
both exposures and outcomes simultaneously, they are 
prone to temporal bias meaning that the results of these 
studies do not enable the researchers to discern whether 
the exposure happened before the outcome, or after. This 
is one of the major limitations of cross-sectional studies; 
however, it can be alleviated if we use a questionnaire 
for data collection where one can specify the timeline 

Table 2. 2 × 2 contingency table
Таблица 2. Четырехпольная таблица
Disease No disease Total

Exposed a b a + b
Not exposed c d c + d
Total a + c b + d N

3	 https://www.medcalc.org/calc/odds_ratio.php
4	 https://medstatistic.ru/calculators/calcrisk.html
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of exposure and outcome. Nevertheless, there is no loss 
to follow-up which is a common problem in longitudi-
nal studies. Cross-sectional studies can be relatively in-
expensive and take limited time to conduct, however, it 
is true only for common conditions and outcomes. Rare 
diseases (their definition varies worldwide, on average, 
40 to 50 cases per 100 000 population [14] in Russia – 10 
cases per 100 000 population5) require extremely large 
sample sizes, that makes cross-sectional studies less suit-
able for their investigation than case-control studies. The 
same is true about common diseases with low duration 
like respiratory infections, that are better characterised 
by their incidence (number of new cases occurring dur-
ing some time frame), that cannot be assessed in cross-
sectional studies.

The standards of reporting cross-sectional studies 
are guided by the STROBE6 (The Strengthening the 
Reporting of Observational Studies in Epidemiology) 
guidelines for cross-sectional studies [15].

Ecological studies
Ecological (correlation) studies investigate asso-

ciations between disease occurrence and exposure to 
potential risk factor. However, incidence and expo-
sures are measured not in individual patients, but in 
several populations or communities (see example [16] 
in Table 1). Ecological studies utilise the data, that 
have already been collected in populational studies or 
reports and assess associations between different pa-
rameters. They are cheap and easy to perform, include 
large samples and help to generate hypotheses about 
etiological relationships. However, ecological studies 
do not provide the data on exposure and outcomes in 
each individual. As a result, they can lead to interpre-
tation errors, when conclusions are inappropriately 
inferred about individuals from the study results. This 
phenomenon is called ecological fallacy. It is also not 
possible to control for confounders in ecological stud-
ies, and without additional research no conclusions 
about true associations can be made.

Case-control studies
Case-control studies are conducted retrospectively 

and analyse participants identified on the basis of their 
case status, i.e., presence or absence of the disease 
or another outcome (see example [17] in Table  1). 
Subjects with the disease of interest form the case 
group, and the control group consists of subjects with-
out disease (Figure 3). The groups are compared by the 
presence of one or several potential risk factors. The 
underlying principle is to identify the significant dif-
ference in the frequency (or intensity) of the risk fac-
tors between the case and control groups. Both groups 

should be matched for as many parameters (factors) as 
possible, except those under investigation, to control 
for potential confounders. However, there are several 
assumptions that can be a source of bias in case-con-
trol studies. The first is that all cases are representa-
tive for the patients with studied condition. For ex-
ample, the cases chosen among the patients admitted 
to hospital might be different from the patients who 
are treated in out-patient facilities. The second is that 
controls are representative of the healthy population. 
This can theoretically be achieved by randomisation; 
however, it is often impractical. In some cases, it is 
easier to alleviate the differences between the groups 
by enrolling patients and controls from the similar 
setting. For example, if cases are chosen among the 
patients admitted to hospital, the controls can be cho-
sen from the patients admitted to the same hospital for 
reasons other than the studied condition. Lastly, the 
approach to data collection should be similar in both 
groups and the definitions of disease (outcome) and 
risk factor must be unambiguous.

Case-control studies are the most efficient way 
to investigate risk factors of rare diseases, because 
other study designs would require enormous sample 
sizes. Several potential risk factors can be studied at 
the same time. In case-control studies the scientists 
are capable of controlling for several confounders if 
all the important assumptions are satisfied. However, 
in real-life setting it is often hard to obtain reliable 
information about individual’s exposure status over a 
large period of time. Case-control studies are prone to 
recall and sampling bias and other potential sources 
of systematic errors which can lead to confounding. 
Nevertheless, well-designed case-control studies pro-
vide evidence for the causal nature of associations. 
Unlike cross-sectional design case-control studies are 
unsuitable for the assessment of disease prevalence. 
Reporting of case-control studies is guided by the 
STROBE statement for case-control studies [15].

A nested case-control study is a variation of a case-
control study in which cases and controls are drawn 
from the population in a large cohort study (see cohort 
studies section). The researchers minimise time and 
cost of the study utilising the previously collected data.

Another type of research design similar to case-
control studies is a diagnostic accuracy study, in 
which the efficacy of a novel diagnostic method is 
compared to the gold standard. The conducting and 
reporting of diagnostic accuracy studies are guided 
by the STARD7 (STAndards for Reporting Diagnostic 
Accuracy) statement [18].

5	 https://minzdrav.gov.ru/documents/7025-federalnyy-zakon-323-fz-ot-21-noyabrya-2011-g
6	 https://www.strobe-statement.org/
7	 https://www.equator-network.org/reporting-guidelines/stard/
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Cohort studies
Cohort is a group of subjects, selected on the ba-

sis of some certain characteristics, risk factors or 
outcomes. In cohort studies the researchers identify 
study participants based on their exposure status and 
either follow them over time (prospective setting) 
to identify which participants will develop the out-
come, or looking back at data created in the past (ret-
rospective setting) prior to the development of the 
outcome (see examples [19, 20] in Table 1). Thus, 
cohort studies assess the effect of the potential prog-
nostic factor on the disease occurrence (outcome). 
Opposite to case-control studies in cohort studies the 
subjects are divided on the basis of the exposure, not 
the outcome (Fig. 4).

Prospective cohort studies are the gold standard of 
observational studies. Similar to the other types of re-
search design exposure and outcome should be clearly 
and identically defined in all cases, and the studied 
cohort should be representative. The problem is that 
prospective studies might take years to conduct, and 
during this time frame the diagnostic criteria for the 
studied conditions might change. Another assumption 
which can lead to bias is that the exposure would not 
change during the study period, which is often not true 

in real-world setting. For example, cholesterol levels, 
blood pressure, smoking status might change over 
time, and require adjustment to avoid potential bias. 
Retrospective cohort studies (historical cohort stud-
ies) can be performed if the researchers have access to 
the detailed and reliable medical documentation of the 
large groups of individuals. In that case the course of 
the disease from exposure to outcome can be studied 
at one time. However, there is a high a risk of bias due 
to discrepancies of the medical records.

The association between exposures and outcomes 
can be measured by using 2×2 contingency tables and 
calculating the odds ratio or relative risk. In cohort 
studies the time to event is known in each case, that al-
lows to calculate not only disease prevalence, but also 
incidence rates and hazard ratio with 95% CI, which 
cannot be measured in case-control studies. Cohort 
studies are less prone to systematic bias and allow the 
investigation of multiple exposures and outcomes in a 
single study. However, prospective cohort studies are 
expensive and time consuming. They are less suitable 
to study rare diseases, but the role of rare exposures 
can be investigated in cohort studies. The reporting 
of the cohort studies is guided by the STROBE5 state-
ment for cohort studies [15].

Direction of data collection – ‘look back’   

PAST  PRESENT  

Study
population 

Study begins here  

 

Factor absent

Factor present

Factor absent

Factor present

Cases
Outcome/Disease

Controls
No outcome/No disease

FIG. 3. Schematic diagram of a case-control study design.
РИС. 3. Схема исследования «случай-контроль».

Note: data analysis in case-control studies is usually performed in a similar way to cross-sectional surveys, where all subjects are divided into four 
groups depending on the presence of diseases (outcomes) and potential risk factors (see cross-sectional studies section). The association between risk 
factors and outcomes is represented by the odds ratio or relative risk with 95% confidence interval.

Примечание: в исследованиях «случай-контроль» (как и в одномоментных исследованиях) все участники распределяются по четырем груп-
пам в зависимости от наличия заболевания (исхода) и потенциального фактора риска (см. раздел «Одномоментные исследования»). Взаи-
мосвязь между фактором риска и исходом выражается в виде ОШ или ОР с 95% ДИ.
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Interventional studies
Interventional (experimental) studies compare the 

effect of the studied treatment (intervention) in the ex-
perimental group with a control group of subjects, who 
receive either placebo or a different treatment. They can 
be used to define causative relationships. Sometimes a 
term ‘trial’ is used to describe the interventional studies. 
There are several types of interventional study design. 
The guidance on the design, conduct, analysis and evalu-
ation of clinical trials is provided in ICH guidelines (The 
International Council for Harmonisation of Technical 
Requirements for Pharmaceuticals for Human Use)8.

Pre-post (self-controlled, before-and-after study) 
studies

Pre-post studies (PPS) measure the occurrence of an 
outcome before and after the implementation of a par-
ticular intervention (see example [21] in Table 1). PPS 
can include a single group (arm) of patients, in which the 
outcome is measured before and after the intervention. 
Thus, to define the effect of treatment the patients are 
used as their own controls. The difference in the discrete 
and continuous parameters before and after intervention 
can be analysed. The temporality of PPS studies allows 
the researchers to suggest cause-effect relationships be-
tween the intervention and outcome. However, the re-
searchers cannot control the other factors that might pre-
determine the outcome and change unpredictably at the 
same time frame.

Non-randomised controlled studies
Non-randomised trials (NRT) compare the out-

comes in the experimental group of subjects, who 

undergo the studied intervention, with a control group 
where there is no intervention (see example [22] in 
Table 1). The participants are not assigned to the 
groups by chance (i.e., without randomisation). The 
assignment is either performed by the researchers, or 
in some cases the patients choose whether they want 
to receive intervention or not. NRT are easy to con-
duct and can suggest causative relationships between 
intervention and outcome. However, they are prone to 
different types of bias resulting from the lack of ran-
domisation.

Randomised controlled trials
In randomised controlled trials (RCT) a homog-

enous group of subjects is randomly (by chance) di-
vided into two separate groups. After that the stud-
ied intervention is implemented in one group and the 
outcomes are compared between the groups (see ex-
ample [23] in Table 1). Successful randomisation is 
one the critical conditions to achieve adequate results. 
Theoretically the two groups should be identical in 
all respects including potential confounders (i.e., age, 
sex, concomitant medications, disease severity and 
duration, etc.), the only exception being the studied 
intervention. However, it is very hard to achieve in 
real-world setting.

There are several other methods, besides randomi-
sation, which help to improve the quality of the RCTs, 
such as allocation concealment, blinding, intention to 
treat concept, simultaneous assessment of all study 
arms, etc. RCTs are expensive, time- and resource-
consuming, and require significant numbers of trained 

  

FUTURE   

 

Exposed group

Study begins here  

Unexposed group

 

 
 

 

 

Outcome/Disease

No outcome/No disease

No outcome/No disease

Outcome/Disease

Direction of data collection – ‘look ahead’

PRESENT

Study
population

FIG. 4. Schematic diagram of a prospective cohort study design.
РИС. 4. Схема проспективного когортного исследования.

8	 https://www.ema.europa.eu/en/ich-e9-statistical-principles-clinical-trials
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research personnel, but if conducted properly they 
provide the highest level of evidence about cause-
effect relationships among all types of clinical trials. 
As a result, RCTs have become the gold standard of 
clinical trials design. The CONSORT9 (CONsolidated 
Standards of Reporting Trials) statement was devel-
oped to improve the quality and transparency of the 
RCTs [24]. The SPIRIT10 (Standard Protocol Items: 
Recommendations for Interventional Trials) Statement 
provides evidence-based recommendations for the 
minimum content of a clinical trial protocol.

Systematic review and meta-analysis
Sometimes several cohort studies or RCT are con-

ducted over time to investigate the same problem. More 
often than not their conditions and results are different. 
Systematic reviews evaluate and interpret the results of 
all published studies in the clinical area (see example 
[25] in Table 1). In contrast to traditional review articles, 
in which the authors may choose which studies to in-
clude, a systematic review must contain all the published 
data of adequate quality. It is sometimes possible to per-
form statistical analysis to combine the results of sepa-
rate studies, included in a systematic review, this method 
is called meta-analysis (see example [26] in Table 1). 
Currently systematic reviews and meta-analysis provide 
the highest level of evidence in clinical research. The 
methodology of systematic reviews and meta-analysis is 
guided by the PRISMA11 (Preferred Reporting Items for 
Systematic reviews and meta-analysis) statement [27].

TYPES OF OUTCOMES AND STATISTICAL 
ANALYSIS
Each type of study design can assess certain cat-

egories of outcomes: continuous, binary, rates of 
events or survival time. There are conventional sta-
tistical methods to describe and compare each type 
of outcome [28]. They will be discussed in the future 
reviews.

CONSIDERATIONS ON STUDY DESIGN 
CHOICE
To define the most appropriate study design one 

should consider the research objective, form a hy-
pothesis, analyse the published data in this scientific 
area, resources available to the research team, and 
their own experience and expertise. It is much more 
preferrable to conduct a simpler study of high-quality, 

than to spend time and effort on a more complicated, 
but flawed design that will produce unreliable data. 
The suggested application of different study designs 
depending on the research objective is provided in 
Table 3.

It should be taken into account that different types 
of study design are associated with different types of 
bias and other potential disadvantages, which should 
be considered in advance and controlled for, if pos-
sible (Table 4) [29]. One of the important steps in 
planning clinical studies is sample size calculation, 
that helps to control for bias, achieve statistically 
and clinically significant results and optimise costs. 
Underestimation of the sample size can lead to ob-
taining statistically insignificant results (while the 
difference might in fact exist). Overestimation of the 
sample size results in extra costs, unnecessary ex-
posure of large number of subjects and detection of 
statistically significant, but clinically irrelevant dif-
ferences. There are several approaches to sample size 
calculation depending on the type of outcome. If the 
sample size is predefined, it is possible to calculate 
the study power instead to assess which level of dif-
ference between groups (effect size) can possibly be 
detected in this setting. Sample size calculation can 
be performed with statistical software (for example, 
in R) or using online-calculators12,13.

The plan of the study, called research protocol, 
which includes all considerations and details about 
research objective, ethical issues, study design, inclu-
sion and exclusion criteria, outcomes and statistical 
analysis plan should be drawn in advance and care-
fully implemented. Protocols of the clinical trial that 
involve human subjects should be registered in the 
special registration systems such as clinicaltrials.gov 
database14 or the WHO International Clinical Trials 
Registry Platform15 before their results will be report-
ed. Through these systems all the important data about 
each study including its design can be obtained and 
assessed by any researcher. This approach contributes 
to the clinical trials transparency and many medical 
journals strongly recommend to provide the registra-
tion number of the trial in the manuscript.

CONCLUSION
Adequate research design is an essential condi-

tion for conducting a successful study. Therefore, the 
choice of study design is among the most important 

9	 https://www.equator-network.org/reporting-guidelines/consort/
10	 https://www.spirit-statement.org/
11	 https://www.equator-network.org/reporting-guidelines/prisma/
12	 https://www.stat.ubc.ca/~rollin/stats/ssize/index.html
13	 https://medstatistic.ru/calculators/calcsize.html
14	 https://www.clinicaltrials.gov/
15	 https://www.who.int/clinical-trials-registry-platform
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things in planning the scientific investigation, that 
should be decided upon wisely and rationally. Certain 
types of observational and interventional studies are 
suitable for different research objectives. The studied 
exposures and outcomes should be clearly defined. 

To control for potential bias the studied population 
samples should be representative and of sufficient 
size. Several guidelines for conducting and reporting 
research in medicine have been proposed to improve 
the quality of studies and avoid bias.
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