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Section 1: Overview of the research process

1. What is research

Research is often viewed as the corner stone of scientific progress. It is a
systematic process based on scientific method that consists of testing hypotheses,
careful observation and measurement, systematic evaluation of data, and
drawing valid conclusions.[!]

There are different research methods which are used in research, all with specific
advantages and disadvantages. Which one the scientist uses, depends on the aims
of the study in addition to the nature of the phenomenon. The main two types of
research designs used in medicine are the quantitative research design, which
generates numerical data or information that can be converted into numbers,
and the qualitative research design generates non-numerical data that provides a
complete description of the research topic. In this section we will focus on the
quantitative design.[?]

2. Steps in conducting research

The key steps of a research process start with a broad idea of the topic of interest
which is then focused on formulating a specific hypothesis or a question that
guides the following steps of data collection, gathering, interpretation, and
analysis to reach a conclusion which can be generalized to clinical practice.

The key steps in conducting research can be summarized as follows:

a. Identification of research problem: It is the first statement made in any
research. An example of a research problem, which may be of a local concern
for the community is, violence among children. This is the problem to be
investigated. At this stage, the identified problem is still too broad in scope.
Therefore, the scope of the study needs to be narrowed down, which can
only be done after a thorough literature review.

b. Carrying out a literature review: A literature review is the process of
searching for information related to the research topic, across multiple
databases and information resources; reading, evaluating and analyzing
them helps refine the topic and objectives of the overview to be written. A
good literature review will help in finding gap(s), asking a good question,
and accurately defining a problem, as well as identifying a proper
methodology. After doing a thorough literature review, the focus can be
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narrowed down into violence among children who watch TV Programs
which needs parental guidance.

Formulating the research question / research objective: The next step in the
research process after refining the objective through a thorough literature
review involves translating that research idea into an answerable question.
A research question, is the question that a researcher wishes to study or the
hypothesis he/she wishes to test. The most important part of the question is
to be researchable and answerable using established scientific methods and
procedures. Otherwise, the whole idea will have no point and will reach
nowhere. Moreover, the research question should attempt to fill a gap in
knowledge. For example, an answerable question could be: Does watching
violent TV programs increase violence among children?

Proposal writing: The main purpose of writing a research proposal is to
obtain ethical approval, as well as funding. A well written proposal provides
a structured outline guiding the researcher throughout each step of the
research process. It is written to justify the postulated research question and
to present a detailed methodology in which the research should be best
conducted. There is no universal format of the proposal. Each institution
has their specific format.

Institutional Review Board (IRB) approval and ethical consideration: IRB is
specific human-subjects committees that review and determine the
ethicality of research. IRBs exist in research institutions and consist of
academicians, researchers, clinicians, and a representative from the
community. The main task of the IRB is to protect the rights participants
in research being conducted. IRBs have the authority to require
modifications on the proposal pertaining to all aspects of the research, as
well as to disapprove a proposal. Finally, once the IRB grants the researcher
its approval, he/she can start conducting the research.!l]

Data collection: Data collection is the process of collecting the information
that will be used to answer the research question. Its most important aspect
is to select the relevant information needed to answer the research question.
The development of the data collection form is a time consuming process,
and it should be given enough attention to ensure it is clear, valid and
reliable. It has to be piloted on a small sample of subjects to guarantee
applicability, as well as identify any potential problems in the tool. Finally,
once the necessary fine-tuning has been carried-out, data collection can be
done through surveys, questionnaires, interviews, observations, data
abstraction, etc.

Data entry, cleaning, and management: It is the process of entering the
information (data) into the computer. There are many computer programs
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used for this purpose. The most widely used is the Statistical Package for
Social Sciences (SPSS). Most of the time data entry is done manually. After
finalizing data entry, a data cleaning process is carried out to check for any
data errors or outliers. Once data is clean, data management starts which
includes creating new variables from the existing ones based on pre-defined
criteria.

Data analyses: Data analysis is the process of analyzing data using
statistical techniques in order to draw conclusions that support or reject the
hypothesis, or answer the research question. If the data were properly
entered, cleaned and managed, then the data analyses process should run
smoothly.

Research dissemination: Data analyses results should be organized into
tables and figures which serves multiple purposes such as: understanding the
results, identifying missing analyses, comparing easily with other published
articles, and preparing results for presentation. Publishing the research
project is the final step of the research process, which entails summarizing
the whole research findings in different forms, such as an abstract,
presentation, report, or a manuscript published in a journal.ll-3:4]
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1. What is a research question

A research question is a concise question which expresses what the research
project aims to address; it is the question the researcher wishes to answer. The
first step in any research project is to clearly define the research question, since it
will be the basis for developing and conducting the research project.[!

2. Criteria of a good research question

There are different criteria that define a good research question. The best
research question is one that attempts to fill a knowledge gap in the literature,
enough to be answerable and researchable, should be relevant to the study’s
objective, should avoid duplication of previous work, should be feasible and cost-
effective, and should be doable within a specified time frame allocated for the
research project. Moreover, it needs to meet the minimum ethical standards.[¢]

3. Sources of research questions

The researcher formulates a research question through different means.
Literature reading might help a researcher identify the areas that need further
study, and thus a hint towards a research question. Another method is patients’
observation through clinical experience which might pose different researchable
questions. Other methods include previous research, journal clubs, and
conferences.|7]

4. Elements of a research question

A "well-built" research question should include four elements; referred to as
PICO that identifies the key elements of a research question that need to be
addressed. The PICO concept is important in narrowing down the research
question, providing search terms, and saving time in literature search.[>8]

PICO letters stand for:

a. P: Patient or population. The first step in the PICO process is to identify the
patients or population to be studied. More specifically, it describes patients’
characteristics, such as age, gender, disease status, or any other patient-
related characteristic.
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I: Intervention to be tested. 1dentifying the intervention is the second step in
the PICO process. It is important to identify the exposure intended to be
studied in the research project. This may include the use of a specific
diagnostic test, treatment, adjunctive therapy, medication, etc.

C: Comparison used in the research project. It is the alternative exposure to
which the intervention will be compared, which might be the standard of
care or a placebo. The comparison component is the only optional one in the
PICO question, since the researcher might study the intervention alone
because either due to no interest in comparison or the lack of a comparable
group.

0: Outcome to be measured as a result of the intervention. It is the evaluation of
the intervention’s effect. This may include cure or level of control of a
disease, efficacy of a medication or a diagnostic test, etc.

Criteria for a bad research question

There are different criteria that define a bad research question summarized
below:[7.9:10]

a.

b.

6.

Vagueness of the research question.

The research question is too broad to reach conclusive results.

The research question might fail to reveal the relevance of the topic under
investigation.

Other criteria which are related to the logistic aspects of the study, such as
the time needed to carry out the study, high cost with limited funding,
limited resources such as availability of expertise, special equipment, and/or
information.

Research question might be limited by ethical considerations or requirement
of authorities’ approval.

Example of a research question

Topic of interest: Women’s health

Narrowed topicc ~ Women and cancer

Focused topic: Women smokers and breast cancer

PICO: P = Women (age more than 35)

I = Cigarette smoking
C = No smoking

O = Breast cancer

Research question: Does smoking among women older than 35 years affect breast

cancer risk compared to non-smokers?
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1. Definition of a literature review

Research literature review is a systematic, precise, critical method for reading,
analyzing, evaluating and summarizing, the existing body of completed and
recorded work produced by researchers, scholars, and practitioners . It is one of
the most important early steps prior to initiating any research study.[11.12]

2. The aim of a literature review

Literature review is a very important step in planning a research project. The
reasons for carrying out a literature review are listed and summarized below:[12]

a. It helps the researcher understand the existing body of knowledge in a
specific medical field. Moreover, the researcher will be updated on the most
recent findings in that field.

b. It identifies areas of consensus and debate among different studies, and
highlights the gaps in knowledge that exist in the literature, which in turn
justifies carrying out the research project.

c. It provides details of different research methodology that were adopted by
different researchers, which in turn helps in adopting the most appropriate
study methodology in the proposed study.

d. It identifies other researchers who share the same research interests, who
might act as support for future queries.

3. Characteristics of a good literature review

A good literature review is characterized by the author’s efforts to search,
evaluate, and critically analyze the relevant work in the field. A good researcher
has to develop good searching expertise, which will allow him/her to efficiently
search available resources through the different electronic engines. Once the
relevant articles are identified, the researcher has to have enough expertise to
assess the content of the article, in terms of relevance, validity, etc. Finally, the
researcher has to be able to integrate the important and relevant work into
his/her own research project, specifically from the methodology and results point
of view.

A good review should have the following characteristics which make it of
value:[13]

a. Comprehensive: Evidence should be gathered from all relevant sources.
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b. Referenced: Providing full references for reviewed papers.
Selective: Using appropriate search strategies to find the most important

I

evidence.

Relevant: Focusing on related studies.

Balanced: Providing objective evidence from papers with different findings.
Critical: Following valid scientific critical appraisal of the literature.

wm e

Analytical: Developing new ideas and understandings from the evidence.
4. Steps of a literature review

With the vast amount of scientific information available, searching and locating
good literature on a research topic is a challenging task. The following steps
provide a sense of how researchers should proceed in searching and reviewing the
literature:[12.14-10]

a. Develop a research question

The first step is to define a specific research question, which identifies the
research or clinical problem the research is aiming to solve. Evidence based
practice proponents advice using four elements in building the research question,
specifically, the PICO (Patient, Intervention, Comparison, and Outcome).

b. Types of the sources used in a literature review

The term ‘sources’ refers to material needed to conduct the literature review,
which could be summarized in three types:[14.17]

Primary source: Is a direct description of a research study written by a
researcher who conducted the study.

Secondary source: Is a review of studies summarizing and providing new
interpretations built from and often extending beyond the original study.
Tertiary source: Include perceptions, conclusions, opinions, and
interpretations that are informally shared.
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Primary Secondary Tertiary
Reports Books Indexes
Theses Abstracts
(Dl Journals Catalogues
Conference proceedings i
e Encyclopaedias
Newspapers - .
Unpublished manuscript pap Dictionaries
sources Bibliographies
Some government Some government o
v S publications Citation indexes

—1 of detail

Increasing time to publish

Figure: Literature sources availablel18]

Finally, a literature review might use a combination of primary and secondary
sources since its purpose is to document and analyze what has been published on
the given topic.

c. Search engines used in a literature review

There are different search engines that might be used to locate relevant material
to be used in the literature review, which are summarized in the table below:

Database URL Characteristics

. The National Library of Medicine’s
free search service.
. Available through the World Wide

PubMed www.pubmedcentral.nih.gov Web.
. Rapid updates of published
material.
. Some free full text material.
. Contains abstracts and references
from 1966 to the present.
] Combines more than 3,900 medical
and nursing journals into a single
MEDLINE www.nlm.nih.gov database.
. Includes Canadian Journal of

Medical Radiation Technology,
Radiography and Radiologic
Technology.
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CINAHL

www.cinahl.com

The Cumulative Index to Nursing
and Allied Health contains
abstracts and references from 1966
to the present.

As well as more than 1,700 journals,
CINAHL provides access to health
care books, dissertations, selected
conference proceedings, standards of
professional practice, and
educational software.

Evidence-based Databases

Cochrane
Database

\NV\"\V.C()Chl‘a]lﬂ.()l‘g

Includes full text of the regularly
updated systematic reviews of the
effects of healthcare prepared by
The Cochrane Collaboration.

Free summaries are available; the
full version is subscription only.

BMJ Clinical
Evidence

www.clinicalevidence.bmj.com

The British Medical Journal’s online
decision-support resource describing
the best available evidence from
systematic reviews, randomized
controlled trials, and observational
studies.

Health Information

Gateways

. Non-profit, non-governmental
anizati : dited to the
Health on the organization, accre
catth onthe www.hon.ch Economic and Social Council of the
Net . K .
United Nations for patients and
health care professionals.
National . Funded by the UK’s National
Library for www.library.nhs.uk Health Service for patients and
Health health care professionals.

In addition, websites of different health organizations and associations could be a

good source for literature review (such as: World Health Organization, Health

Canada, Canadian Medical Association, etc.)

d. Establish the keywords and search strategy

To effectively conduct a search, keywords to be used in the search need to be

identified, which are mainly the PICO elements. Moreover, a specific search

10
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strategy using the Boolean operators (AND, OR, and NOT) should be developed,

which can be used to combine the keywords and concept in a search.
e.  Conducting the search

The search could be carried out by the different search engines detailed above,
nevertheless, PubMed is the primary database for researchers in the fields of
biochemistry, molecular biology, and related life sciences. It comprises over 20
million references to articles published in more than 5,200 current biomedical
journals from the United States and over 80 foreign countries. It was developed
by the National Center for Biotechnology Information (NCBI) at the National
Library of Medicine (NLM). It is one of several databases under NCBI's Entrez
retrieval system (the text-based search and retrieval system used at NCBI for all
of the major databases, including PubMed, and many others). PubMed can be
directly accessed at: http://pubmed.gov or the National Library of Medicine’s
homepage: http://www.nlm.nih.gov.

The main screens of Pubmed

The most important features in PubMed which a researcher needs to be
familiarized with are: the main page (including database selection menu, search
box, and advanced search link), the search results page, and the My NCBI.

22 NCBI Resoures & How To (9

Search Box

Hetp

PubMed CoMMONS

[ 19]%] |el*] |

shor @Casey Bergman
fected)

Database Selection Menu Advanced Search Link

Using PubMed PubMed Tools More Resources

The main page includes a database selection menu, a search box, and an

advanced search link.

e On the PubMed's home page the database selection menu is displayed, where
the researcher can choose between PubMed and other NCBI databases (the
last four databases you searched will appear at the top).

11
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e A search box appears where keywords are entered. Automatic suggestions
will display the search terms typed (click Turn off to temporarily disable the
auto suggest feature). Any combination of search terms can be typed in the
search box. Click the ‘Search’ button or ‘Enter key’ to launch the search.

Following are some “top tips’ for focusing a search:

e  Combine search terms with ‘“AND’ or ‘OR’

e  Use ‘Limits’ (Age group, Publication type, language, etc.)

e  Search for your term as a word in the title or title or abstract (using Limits)
e Use MeSH, with subheadings

e Try PubMed's Clinical Queries or Topic-Specific Queries

e  Use the Related Articles link, once you find a set of relevant citations

—  The advanced search link is where the researcher can construct a tailored
search.

The results of the search are displayed in the Search Results Page (see below).
Use the Display Settings menu to change the display format, the number of
citations per page and the sort order of your results. To view selected citations:
Click on the box found to the left of each item number of interest.

7 NCBU Resources (9 How To &) MYNGHI  Sian Out

PublfQed .. PubMed * | Human genelk » meleris

RES  Save search

Hep

Display Settings: (5 Summary. 20 per page. Soried by Recently Added sendio:(©  Filters:

Results: 1 to 20 of 801

for malarla Sort by Relevance

Titles with your search terms
Genetie resistance 10 human
malaria

Human stance 10 mataria

tionary telicts of positive selection on eight malada.telated immune genes Gohdtu x

resistance 1o human
malania va At

ance of the human CY
' malaria

4, Cosentino V, Russo G, T
ol 2014 Aug 23.27C 4124

My NCBI is a feature of the NCBI databases that allows the user to save records
and searches, and customize the results display with filters and other options.
Moreover, updates on saved searches might be requested to be sent to a personal
e-mail.

12
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- \ National
(-3 NCBI PUblmed of Metheine Mﬁ

Entrez FubMed FMC Journals

Clear | Save Searg
f Limits T Previewndex T Histary T Clipboard T Details W

Display [ Summery | show:[20 #[[son =] Sendto [Teq / =
\

My NCBI box lets you Sign in or for first time users, Register. After a

Genome Structure

Search I Pubhed j for Ihshestns gastrointestinal neoplasms

Ut Entrez

L Mext

search is run, click on the Save Search link to save the search strategy.

f.  Choosing the material to be included in the literature review

The choice of the articles found in the literature search to be included in the
literature review may seem confusing as the number might be overwhelmingly
high. Thus, filtering the found articles is important to make sure that the most
relevant ones to support the research will be chosen.

In narrowing the literature selection, more focused screening criteria are taken
into consideration, such as:

e Date of publication: ex: only studies conducted between 2005 and 2012

e Participants or subjects: ex: children 6 to 12 years of age

e Publication language: ex: documents written in English

e Research design: ex: clinical trials

e Authors: ex: well-known author in a specific field

e Journal: ex: high impact journal, such as New England Journal of Medicine

e Relevance: ex: similar objectives addressed and methodologies adopted

Constructing a summary table of selected material will serve as a tool to organize
a researcher’s work.

g. Critically analyze and evaluate the information

Critical analyses of the chosen documents refer to the process of looking at each
document closely, reading the introduction, methodology, results and discussion
sections. As for the critical evaluation of the document, it refers to assessing the
validity of the methodology adopted, and relevance of the results reported.
Biases affecting each of the documents should be taken into consideration, and
evaluated accordingly. Finally, integrate the reported results into the scope of
the proposed research.[19]

13
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h. Cite literature properly

A researcher is supposed to protect the intellectual property of other researchers
by acknowledging any work that has influenced the proposed research. This is
done by citing other people’s work by denoting the names of the authors, the
title of the paper, the journal where it is published, as well the year of
publication. More specifically, a citation in the body of the proposal or
manuscript is to be included, as well as its corresponding details in the references
section of the document.[10]

There are four main reasons why it is important to cite literature properly:

e To acknowledge the author(s) of the work that the researcher used.

e To provide context to the research and demonstrate that the research is
well-supported.

e To allow readers to find the original source and learn more about some
aspects mentioned in the document.

e  Avoid plagiarism, which occurs when a writer deliberately uses someone
else’s language, ideas, or other original material without acknowledging its
source.

There are bibliographic management software programs that allow the
researcher to search, collect and organize citations, and insert the citations into a
word processing program in formatted bibliographic styles. Such available
programs are: EndNote, Reference Manager, and ProCite.

5. Conclusion

An effective review will increase likelihood of funding, generate new ideas and
directions for investigation, and improve the quality (and likelihood) of peer-
reviewed publication of primary research.l1*l At all stages of the process it is vital
that the search process is evaluated, since the inability to find relevant
information can be attributed to a poorly constructed search strategy,
inappropriate search terms, poor retrieval methods or inappropriate source.

14
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1.

EndNote

is a

What is EndNote

for references and PDF's including PubMed and many more.[1%]

By storing citations in an EndNote library rather than a Microsoft Word or

Excel file, you can:

EndNote X7 Main Screen

software program that works with Microsoft Word to
automatically format in-text citations and end-of-paper reference lists with your
chosen style (APA, MLA, Chicago, etc.). EndNote can also be used as a personal
database to gather and store citation records from hundreds of online resources

Automatically insert well-formatted citations into your paper.
Automatically reformat citation style in one click.
Search live within your EndNote library.
Sort your library by author, title or date.
Build bibliographies in over 5,000 styles.
Access and manage your research from your desktop, online, and your iPad.
Find full text for your references in one click.

T — ) Tille Toumal RelTyps  URL _#
AlRsterences  (1165) A royal eye lesion] Dantdodir - Joumal At Hep e
waghua Y. Joumal Ar e
Dupiicata Rafer... {0} Ophthal Pla. . Jounal Ao heip e
Impontad Refers.. (21) Cir Pediatr Journal Art hetpvwe
Search Results [ Moy Disord  Journal Ard hepiivwes
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Figure: is a snapshot of the EndNote X7
specific clinical topic.[?0)] The main features of the screen are listed below

according to the inserted red arrows:

¢  The main drop down menu

e Groups section, presents summary of available libraries

Main Screen including references of a
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e  Custom and Smart Groups are a list of the subset libraries created by the
user

e  Online Search is where users can select and search internet databases
) Selected online Database, the PubMed

e  Search example is where users can search for a reference using multiple
keywords combined by with AND, OR, NOT

e  Search button is through which a user can perform the search process and
bring the reference to EndNote

2. Introduction to an EndNote library

An EndNote library is a collection of references (or citations) that are usually on
a single topic (i.e. a thesis). Each reference in a library is composed of different
fields, such as author, date, journals, etc.

4] Paleo.enl

[ Author Year Title ~ €«—— Fields
Blake 1988 A 1st fossil member of the Ctenodiscidae (Aste
Fukao 1999 1st VHF radar observation of midlatitude F-regi ot
Chipperfield 1988 _ 2_dimensional modelling of the antarctic lower SR e Individual
Sartenaer 1988 A 2nd North American representative of the mic
Trivette 1994 3-D Dinosaur Adventure brings Jurassic age to ¥ references
< | >
Reference
Chipperfield, M. P_and J. A Pyle (1988). "2-dimensional modelling of the
antarctic lower " Geophysical Research Letters 15 * ( pI‘[‘ViC\V
(8): 875. g

Figure: is an example of an EndNote library window screen shot showing the
fields, individual references, as well as a preview of a selected reference.[?!]

3. To create a library

a. Open EndNote

b. Goto File

c.  Select New

d.  Name your Library

e. Add Citations to an EndNote Library

4. Entering references into a library
There are 3 ways to enter references into an EndNote library:

a. Type data by hand
e At the top of the screen go to References
. Choose New Reference

e Select the correct Reference Type
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e Enter the citation title, author, year, ISBN, abstract etc.

e  EndNote will automatically save on closing

Download Data from a database and import into your library. Most

databases, for example PubMed, allow you to export records directly into

EndNote.

e Conduct a database search

e Select references to export to EndNote

e Locate and click on 'Export', 'Send to' or 'Download' button

e  The reference will be automatically exported to EndNote

Connect directly to and search a database from EndNote

e At the top of the EndNote screen, go to Tools

e Online Search

e Choose a Connection

e  Choose the name of the appropriate database (PubMed, Business
Source Premier, etc.)

e  Enter your search and click “OK” to retrieve citations

e  Citations will be automatically copied to your EndNote library as soon
as you finish the search

Inserting references and generating bibliographies in Microsoft Word

From the EndNote library, highlight the reference you want to insert into
the document

Go to Word

Put the cursor in the text where it needs to be inserted

From the tools bar choose EndNote

Choose Insert Citation

Insert Selected Citation

Change citation style of paper (MLA to APA, etc.)

In your paper, choose Tools EndNote

Format Bibliography

Choose desired Output Style

All EndNote tools are gathered in the “EndNote X3” tab at the top.[22!

For example, here are some citations from Gray's Anatomy using several

different styles:

Gray H. Anatomy, descriptive and applied. 18th ed. Philadelphia: Lea &
Febiger; 1910. (APA 5th citation style)
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e  Gray, H. (1910). Anatomy, descriptive and applied (18th ed.). Philadelphia:
Lea & Febiger. (MLA citation style)

e  Gray, Henry. Anatomy, Descriptive and Applied. 18th ed. Philadelphia:
Lea & Febiger, 1910. (New England J Medicine citation style)

To get the EndNote software: http://www.endnote.com/endemo.asp
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Section 5: Writing a proposal

1. Definition of a research proposal

Research proposal is a very important step in the research process, as it is a
summary of the suggested process to be used to answer the research question. It
is done through gathering information, reading, integrating, organizing ideas,
and planning. The proposal should include all key elements involved in the
proposed research process and include sufficient information for readers to
evaluate the project. It is intended to convince the reader that the investigator
has an important research question to be answered, and that he/she has the
competence to carry out the project. In summary, the research proposal should
answer the following questions regarding a research project: Why, What, How,
Where, and When?[23.24]

2. Aims of a research proposal
The objectives of writing a research proposal are:[24.25]

a.  Research road map: The research proposal serves as a road map, where each
step of a research project is described in detail.

b.  Ethical approval: Research projects should obtain ethical approval prior to
initiation. Ethical approval is granted through the IRB committee. A
research proposal is an important document for IRB members to evaluate a
research process to grant approval.

c.  Funding: In some cases, research needs financial support to be carried out,
and thus, a research proposal will be an application based on which the
funding agency will grant a fund to the researcher in order to carry out the

study.
3. Sections of a research proposal

The format of a research proposal depends on the institution at which the study
will be carried out, but the key point is to adhere to the specific format required.
Nevertheless, almost all institutions require a research proposal including the
following main sections: abstract, background and literature review, gap in
knowledge, objective of the study, methodology, ethical considerations, budget,
and references.

The following are brief descriptions of the different sections of a research
proposal similar to a template provided in Appendix I:[23.24.26.27]
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a. Title, Investigators, and Affiliations

This subsection gives logistic information about a research project, such as: title,
investigators, and their respective affiliations. The title should be concise,
descriptive, and informative. It should accurately reflect the content and scope
of the proposed study. Moreover, information about the name of the principal
investigator (PI), the co-investigators, as well as their affiliations and contact
information must be provided correctly. It is important to note that the PI and
the department head at which the study will be carried out should sign the form
indicating their knowledge and approval to conduct the study.

b. Abstract

An abstract should concisely describe the background of the proposal, critically
evaluate the rationale to carry out the study or the gap in knowledge, and it
should highlight the objectives of the project. It also should briefly describe the
methodology, data analysis, as well as the significance and relevance of the
project.

c. Background and literature review

The background and literature review subsection is necessary for investigators to
provide a summary of the existing knowledge about the research problem as well
as to find out whether or not others have investigated the same or similar
problems, as well as to establish the link with other reported studies. Its purpose
is to establish a framework for the research, so that readers can understand how
it relates to other research. This is accomplished by a thorough and critical
review of the literature. It should be written in a way to create interest about the
topic, and lay the broad foundation for the problem that led to the proposed
study. It should also clearly identify the gap in knowledge that needs to be filled
through this study. This should in fact answer the question: Why is this study
needed and what is its relevance? In addition, the output of the literature review
process should demonstrate that the proposed research will contribute/add to the
existing body of knowledge. Finally, it highlights the researcher’s expertise and
knowledge about the area in which the study will be carried out.[2]

d. Objective of the study

The purpose of the study should be very clearly specified in a sentence or two
that summarizes the research question to be answered by the proposed research.
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A research project should have one primary objective, and one or more secondary
objectives which should all be detailed in this section.

e. Methodology

The methods section is the heart of the proposal. It should be written in detail,
because it is the main section that will be assessed by the reviewers. It is
expected to follow a logical continuity in the research process. The following are
some important subsections that a reviewer expects to find in the methods
section, keeping in mind that all the subsections should be directly related to the
objectives of the study:[25:27]

e  Study design: In this subsection, the type of study design to be used to
answer the research question must be provided, such as cross-sectional, case-
control, cohort, or interventional study. A valid justification should be
provided for selecting the study design, as well as the reason behind ruling
out other study designs.

e  Setting: The area or location where the study will be carried out is described
in this section. More specifically, detailed description about the institution
where the study will be carried out should be provided, such as, type of
institution, load of patients, staff available, community served, as well
services provided.

e  Time period: It is important to set the time frame for the proposed work.
The accomplishment of tasks or specific aims and the division of labor
during that time-period must be clearly set and defined within time frames
throughout the duration of the study.

¢ Inclusion/exclusion criteria and sampling technique: In this subsection, a
description of the individuals who will participate in the research study and
how they will be recruited should be provided. Inclusion criteria are the
characteristics that are set by a researcher that will define eligibility,
whereas exclusion criteria are those which make the subject ineligible. More
specifically, the following are some examples for such criteria: demographic
characteristics (such as age and gender), geographic location, disease status,
pharmacological characteristics, lab results, etc. Finally, the procedure
through which the eligible subjects are selected into the study is called the
sampling technique. The most frequently used sampling technique is the
random selection. Other sampling methods include convenient sampling,
consecutive sampling, etc.

e Sample size: Sample size is a statistical calculation of the number of subjects
that are required in a study to meet the objective. Fewer than needed
number of subjects would lead to a study that is underpowered, whereas
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more than needed number would lead to wasting resources on the additional
subjects. Sample size should not be selected haphazardly by the
investigator; rather it should be justified by proper statistical calculation.

e Data collection methods: This subsection sheds light on the data to be
collected and the methods of collecting it. Information to be collected could
be done by using questionnaires, data collection forms, online surveys, etc.
Details of these forms should be specified in this section, as well as the
validity and reliability of these tools. Moreover, the methods used for
collecting the data should be specified, such as interviews, chart reviews,
etc. Including the data collection form in the research proposal is
important./24]

e  Apparatus or instruments: Any apparatus and/or instruments proposed to be
used in the research study should be listed and described in this subsection.
The following information should be included: a general description of the
apparatus or instruments to be used, why they are used, variables measured
by these instruments, and finally their reliability and validity.

° Exposure and outcome definitions: In this subsection, detailed information
about exposure and outcomes considered in the study should be provided.
It is worth noting that some studies might include multiple exposures (with
one being primary) and/or multiple outcomes (with one being primary).
Mentioning which is the primary and which are the secondary exposures
and outcomes is important.

e Data analyses: This subsection describes the proposed statistical analyses to
be carried out, which should address different levels of analyses (univariate,
bivariate, and multivariate), as well as information about the program to be
used for data entry and analyses.

f.  Ethical considerations

A specific subsection should be included about ethical considerations of the study
which are required by the IRB. More specifically, the investigator has to provide
information on how would confidentiality and anonymity of the subjects be
maintained. It is also required to declare any conflicts of interest, for example, a
researcher affiliated to a company closely related to the proposed area of
research.

g. Budget

Budget is the total amount of money needed by the researcher to carry out the
study. Details of the budget should be itemized and specified to allow judgment
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of its appropriateness, based on the description of the research design and
methods. The budget should be divided into parts, for example: personnel
(salaries and benefits), supplies and equipment, other costs (compensation for
subjects, transportation costs, and medical intervention costs), etc. Justification
for each of the parts should be included, if necessary. Finally, it is important that
the budget remains in line with the proposed timeframe of the study.?7]

h. References

The references used in the write up of the proposal should be included in the
sequence they appear in the proposal. Only references that are cited in the text
should be included. They should be relevant to the topic and updated.
Referencing programs, such as EndNote, could be used to facilitate the process of
referencing.

i.  Additional forms to be filled and submitted

Along with the research proposal, the following are some forms that might be
needed to be submitted according to the institutional guideline.

e Submission Checklist: It includes all the required items in the submission

e Cover Sheet: It includes signature of the PI, each co-investigator, and the
chairperson of the PI’s department

¢  Informed Consent Form: For any research involving human subjects

e Other forms: Includes any additional forms needed
jo-  General tips

Finally, a general tip for the write up of the research proposal is to give the whole
process enough time and not to do it in a rush and under pressure. A researcher
has to keep an open eye on the deadlines for submission of his/her proposal.
He/she has to know what to do before they start putting it into words. A good
proposal would go through few rounds of writing and modification before
finalization.
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Section 6: Ethical issues and IRB

Ethics in clinical research involves a set of relevant rules considered in the
conduct of clinical studies. The ethical conduct of a clinical research does not end
with the formulation of the study design and a signature on the informed consent
form. Protecting the rights, interests, and safety of research subjects must
continue throughout the study duration. Subject safety monitoring is the
responsibility of several groups, including IRBs, investigators and their research
staffs, sponsors, and data monitoring committees (DMCs).

1. Ethical issues

Various organizations have created guidelines for human subject research for the
various kinds of research and situations. A set of guidelines was published to
guide researchers who work with human subjects. Good Clinical Practice (GCP)
enforces guidelines on ethical aspects of clinical research. GCP aims to protect
and preserve human rights through making sure that studies are conducted with
high scientific standards with proper documentation. It provides principles on
how clinical research should be conducted, define the roles and responsibilities of
sponsors, clinical researchers, and investigators.[28.2]

The following are a few points essential for ethical considerations in clinical
research:

a. Informed consent

An informed consent is a voluntary agreement to participate in a clinical
research study. It is not merely a form that is signed but is a process, in which
the subject has an understanding of the research and its risks. It must be
obtained for all types of human subjects research including; diagnostic,
therapeutic, interventional, social and behavioral studies.

The goal of the informed consent process is to provide sufficient information so
that a participant can make an informed decision about whether or not to enroll
in a study or to continue participation. It is a document that should be written in
a lay language, which makes it easily understood by the participant. It should
include information about the objectives and procedures of the study, and
potential risks and benefits of participation. It should indicate information
about the right of the patient to withdraw from the study at any time without
affecting the healthcare they are receiving. Moreover, the contact information of
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the PI should be provided for any further communication and clarification.
Subjects must be given sufficient time to consider participation. Informed
consent should be obtained before enrolling a participant and its regulations
should be maintained throughout the whole research process.[30]

b.  Vulnerable groups

Vulnerable groups should be given extra attention and precautions in terms of
ethical considerations when to be included in clinical research. Researchers refer
to populations which have low autonomy as "vulnerable populations". These are
groups which may not be able to fairly decide for themselves whether to
participate in clinical research or those who are relatively (or absolutely)
incapable of protecting their own interests. Examples of groups which are
considered as vulnerable populations include: prisoners, children, pregnant
women, human fetuses, neonates, racial minorities, as well as people who are
very sick, physically handicapped, mentally disabled, economically or
educationally disadvantaged, or institutionalized.[28-31]

2. IRB

An IRB, also known as an independent ethics committee or ethical review board,
is a committee that has been formally designated to approve, monitor, and
review the ethicality of biomedical and behavioral research, in protecting the
rights of participants in a research projects.

a.  Principles

The three main principles that guide the IRB in making its decision are derived
from the Basic Ethical Principles enumerated in the Belmont Report document

dated April 18, 1979. They are as follows:[1:31]

e  Respect for Persons: The principle of respect requires that subjects
participating in the research should be fully aware of the nature of such
research and assured that such participation is voluntary, with no pressure
or duress. They should also be aware of the physical, psychological, and
socio-economic risks that such participation might bring to the subject
immediately or in the future. This requirement is imperative, even if the
risks were described as minimal or insubstantial.

e  Beneficence: Beneficence requires researchers to maximize the potential
benefits to the subjects and minimize the potential risks.
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° Justice: The principle of justice requires an equitable and fair selection of
subjects and a fair and equitable distribution of risks and benefits of
research.

b. IRB structure

IRBs are formed by academic, research, and other institutions, and they include
at least five members of different professions, having enough expertise to make
an informed decision on whether the research is ethical, informed consent is
sufficient, and appropriate safeguards have been put in place.>°]

c. Tasks of IRB

The IRB is empowered to:[2%]

e Review research proposals submitted to the committee for approval

e Identify the risks entailed due to participation in the research study

e  Assess steps proposed by the investigators to minimize the risks on
participants

e  Assess safeguards to be used for maintaining confidentiality, anonymity,
and well-being of participants

e  Conduct risk-benefit analysis in an attempt to determine whether or not
research should be done

e  Give a final decision on the proposal submitted, which might be approving,
requiring modifications, or disapproving the proposal

d. Review process

Before conducting any human research, the researcher must have the study
approved by the IRB. Once the written proposal is completed, it is submitted to
the appropriate IRB along with any additional materials needed (e.g., consent
forms, test materials, and questionnaires). This proposal will be sent to reviewers
who will provide detailed feedback pertaining to the ethical conduct of the study.
Upon receiving the reviews, the IRB committee will meet to reach a final
decision. Researchers are responsible for complying with all IRB decisions,
conditions, and requirements. Upon granting approval to the investigators, the
research project could be initiated.[1:32.33]
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Section 7: Data collection, entry, cleaning and management

The main step in a research study is to collect data that will be analyzed and
verified statistically to reach a conclusion about the research question. It is
important in this section that the reader should be acquainted with some of the
most commonly used terms during the phase of data collection, which are
explained below:

1. General terms

The following is a brief explanation of some of the most commonly used terms
that relate to this phase of research when data is collected.

a. Variable

A variable is anything that is not fixed or has the potential to change. A variable
in clinical research is any piece of information collected on a patient through the
data collection process. The variability aspect of a variable is the potential of
changing between different patients rather than within the same patient. For
instance, gender is fixed for each patient, but it will be a variable when some
patients are males and some patients are females.

b.  Types of variables
There are 2 main types of variables:[34|

e  Categorical variables: They are those that have the responses falling into
fixed categories. Different types of categorical variables exit, which depends
on the potential responses.

- Dichotomous variable: It is where the answer could be one of two
possibilities, such as ‘hypertensive’ or ‘non-hypertensive’.

- Nominal variable: It is a categorical variable with more than two
responses, where there is no specified order in the responses, such as
blood type A, B, AB, and O.

- Ordinal variable: It is where a categorical variable could have more
than two responses with a pre-defined order, such as severity of disease
(mild, moderate, and severe).

e  Continuous variables: They are those that consist of any value within the
normal defined limits. An example of a continuous variable is age, blood
pressure, weight, height, etc.
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c. Coding

Coding is a step where non-numeric variables are given numbers. For instance,
instead of entering ‘F’ for females, and ‘M’ for males, a code of ‘1’ is given for
males and a code of ‘2’ for females.

2. Data collection

Data is defined as the raw facts that are not yet interpreted, organized or
evaluated. Data collection is the systematic gathering of data to serve a
particular purpose. There are different sources used for data collection, and these
include questionnaires, interviews, observation, already existing records, or
electronic means. Most of the times, data are collected on papers.

MI admission to an Emergency Department, Saudi Arabia

SERIAL NUMBER:

A. DEMOGRAPHIC:

MR NUMBER:

Age st p

Sex O Male O Female

Maritsl status: O Married O Single DWidowed
Arshbic spesking: O Yes ONe

Nationslity: O Arsb O Non-Arsb

Weights

Heights

B. CLINICAL AND OUTCOME INFORMATION:

1. Hypertensions Oves ono
2. Disbetes: Oves ono
3. Cigarette smoking: OYEs onNo
4. Family history of CAD OYES onNo
5. Prior ML Oves onNo
6. Prior CABG: oOvYEs onNo
7. Prior Angioplasty oOvYEs onNo
8. Date of p

Figure: is a snapshot of a data collection form for a study to assess characteristics
of patients admitted with acute myocardial infarction to an emergency
department in Saudi Arabia.

3. Database structure

A database is a collection of data that is organized so that it will be easily
accessed, managed, and updated. Databases are used to manage and archive
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large amounts of data. Databases could be structured in different computer
programs, such as Microsoft Excel, Microsoft Access, etc. The most frequently
used computer program used for data entry, as well as other data manipulations,
is the Statistical Package for Social Sciences, or better known as SPSS.[33]

Although Microsoft Excel is usually used for data entry, the SPSS is considered
superior for different reasons.

a.  Microsoft Excel does not allocate the first line for a patient’s record; instead
it is used to include the variable names. On the other hand, SPSS permits
the user to define the variables included in the study, while keeping the first
line for a patient’s record.

b. Microsoft Excel does not allow an easy coding of variables. This is
important as all data to be analyzed have to be entered as numbers. In
contrast, SPSS will provide an easy way to define the codes given to each
variable.

c.  Unlike SPSS, Microsoft Excel could be used to analyze data, it needs an
expertise to do it.

A database structure is a process where the variables included in the study are
defined. Mainly the following are provided:

a. Name: It is the short name of the variable that should not include any
spaces.

b.  Type: It specifies the format of the variable, such as numeric (anything that
includes only numbers), dates (anything where date is involved), or string
(where a combination of letters, numbers or symbols are included).

c.  Width: It is where the space allocated for the specific variable is determined.

d. Decimals: It is where the number of decimals needed for the variable is
specified.

e. Label: It is a place where the full definition of the variable could be
provided.

f.  Values: It is where the coding of the variable is specified.

Other options for each variable are available that allow the user to control the
variables.
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Fle Edit View Dsts Transform Anaiyze Graphs Utiities Add-ons Window Help

S\e|8| 8| o] =] ] e B &IF 7 el
Mame | Type | Width| Decimals| Label Values | Missing | Columns| Align | Measure | I=]
Bl Momeric 3|0 EXl None None |7 Center_|Scale
VRN Sting 5 0 Medical Record Number Hone None |8 Center|Nominal
Age Mumeic 2|0 Age Hone None |7 Center_|Scale
Sex Mumeric 1|0 Sex {1 Male] . |Hone |6 Ordinal
5| Maital Mumeic 8 |0 Wartal Status {1, Married) _ [Mone |6 Orcinal
6| Nation Mumeric 1|0 Nationality {1 Aab) . |Mone |8 Center|Ordinal
7|Aabic_speak  Mumeric 2 0 Arabic speaking 0. 1o} None |10 Center |Ordinal
Weight Mumeic 8|0 Weight None None |7 Center_[Scale
Height Mumeic 8|0 Height Hone None |6 Center_[Scale
Tof T Mumeric 2|0 Hypertension 0. Mo} None |6 Center |Ordinal
T1fom Mumeric 2|0 Diabetes Mellius 0. o). None |6 Center |Ordinal
12| Cig_Smoke Mumeric 2|0 Current Cigarrete Smoking 0. o). EE Center |Ordinal
T3|FH_CAD Mumeric 2|0 Family history of CAD 0. o). None |8 Center |Ordinal
T4 Pror_al Mumeric 2|0 Prior 1l 0. o). None |8 Center |Ordinal -
15| Prior_CABG Mumeric 2|0 Frior CABG 0. o). None |10 Center |Ordinal
16| Prior_Angioplasty Numeric 2 |0 Prior Angiopiasty 0. o). None |13 Center |Ordinal
17| Date_presentation Date |11 |0 Date of presentation to Emergency depatment |None None |14 Center_[Scale
78| Dur_Sx Mumeic 5|0 Duration of Symptoms Hone None |8 Center_[Scale
78| Chest_pain Mumeric 2|0 Chest pain 0. Mo} None |8 Center |Ordinal
20|Epigastic_pain _Mumeric 20 Epigastiic pain 0. 1o} Mone |13 Center |Ordinal
21| HR_admit Mumeric 30 Heart Rate at admission Hone Mone 6 Center|Scale
22|HR_disch Mumeic 30 Heart Rate at discharge Hone Mone 6 Center|Scale
23|BP_systolic Mumeic 30 Systolic blood pressure Hone Mone @ Center|Scale
24|BP_diastolic Mumeic 30 Diastolic biood pressure Hone Mone @ Center|Scale
25|RR Mumeric 20 Respiatory Rate Hone Mone 6 Center|Scale
26| 02_Sat Mumeric 30 02 Saturation Hone Mone |7 Center|Scale
27| Tiiage_level Mumeric 10 Triage level Hone Mone 8 Center|Nominal
28|Dur ED stay  Mumeric 2 |0 Duration of Emergency department stay Hone Hone |10 Center|Scale
20| Outcome Mumeric 20 Final outcome {0. Death) .~ Hone |7 Center|Nominal
30
31
TR DeE e ), variable view L I »y—‘

Figure: is a snapshot of a database structure for the study mentioned above done

through SPSS.
4. Data entry

Data entry is the process of entering text or numbers into a computer program
either by typing the fields through the keyboard, or by scanning the documents.
It could be done through single data entry or through double data entry.

A single data entry means that the data is entered once into the computer while
the double data entry is carried out when the data is entered twice into two
different computers. This can be done for more control of data entry errors. The
two databases will then be compared and any discrepancy will be resolved by the
checking the original data collection forms.

30



Section 7: Data collection, entry, cleaning and management

= S| = || & Tl DSR2l
52 FHix_CAD 1
| Su | MRM | Age | Sex | Marital | Mation | Arabic_speak | Weight | Height | HTH | DM | Cip Smoke| Frx CAD| Prior M | Prioia
39| 069649 Male | Wamied | Arab Yes 65 170 | Mo | Mo Yes Ho Ho
030330 Male | Wamed | Asab Yes 2 W | Mo | Mo Yes Na o
[ Marned Arab Yes 85 136 Yes Yes Mo No Ho
19 |Female | Mamied | Asab Yes 5 % | Mo | Ne No Ha Ho

2 Male | Marmed | Hon-Asab No 50 175 | Mo No Yes Mo Ho
% Male | Mamed  Arab Yes 15 195 | Mo To Yes Ho Ho
% Male | Mamed  Anab Yes 43 %0 | ho To Yes Ho Ho

Mamed | Asab Yes 75 174 | Mo Na Yes No Ho
Warmed | Hon-Asab Yes 78 180 | Mo No Yes Mo Ho
Wamed | Arab Yes ic] 18| Mo ) Yes Yes Ho
Wamed | Asab Yes 8 8| ho Ta o Ho Ho
Mamed | Asab Yes 64 172 | Mo | Yes Yes Yes Ho
Arah Yez Ho Na Yes No Ho

Hon-Asab Ho 3 09 | Ho N Yes No Ho

Mamed | Asab Yes 68 74| Mo No Yes No Ho
Mamed | Arab Yes o 73 | Mo Na Yas Na Ho
Wamed | Asab Yes 92 77 | Ho | Yes Yes Yes Ho
Wamed | Arab Yes 4z 155 | Mo | Yes Yes Yes Yes
Mamed | Asab Yes 72 78 | ho No o Ho Ho
Mamed | Asab Yes 68 180 | Mo No Yes Yes Ho
Wamed | Arah Yez E] 163 | Mo No Yes Yes He
Wamed | Mon-Asab Ho 60 73| He N Yos Ho Ho
Mamed | Hon-Asab Yes 80 181 Ho Ne Yes No Ho
Mamed | HoneArab Ho kil 178 | Mo Na No No Ho
Wamed | Hon-Asab Yes a3 160 | Mo No Yes Mo Ho
Arab Yes 87 180 | Mo No Yes No Ho

HoneAsab Ho 50 71 Ho N No Mo Ho

Wamed | Asab Yes 68 176 | Mo No Yes Mo Ho
Warmsd | Hon-Arab Yes 68 74 | He No o No Ho

] k(] T | he To Yes Ho Ho

i3

e
Figure: is a snapshot of a database for the study mentioned above done through
SPSS. Note that although the entries have been entered as numbers, they appear
as words, since the coding for these numbers were specified in the “variable view”
earlier.

5. Data cleaning

Data cleaning is an important step that is usually overseen by a lot of
researchers. No matter how cautious the person is in data entry, errors still occur.
Thus, data cleaning is a process where the data is checked for entry errors or
extreme values in the dataset.

There are two steps in the data cleaning step:
a. ldentifying the errors

This is a step where an error is identified through different methods. The most
obvious type of data cleaning is to check the two extreme sides of the
distribution of the variable. For instance, in a specific study, age might be
expected to be between 18 and 80, thus by sorting the data in an ascending or
descending order, one can identify any outliers or data entry mistakes.

b.  Correcting the errors

Once the error is identified, the next step is to correct it. This could be done
through going back to the data collection form used in the data collection, going
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to the patient’s record, calling the patient, or any other method to find the
correct information. The method of correcting the errors depends on the method
of data collection. Leaving an empty space on the data collection sheet (missing
data) means failure to correct the error.

6. Data management

Data management is a crucial step in the preparation of the data for analyses. It
includes steps to create new variables based on the available ones. There are
three types of data management that researchers encounter in clinical research:

a. Recoding

As mentioned earlier, coding is assigning a number to a non-numeric variable;
thus, recoding means to modify the coding of an already coded variable. For
instance, smoking might be defined as: non-smoker (code = 0), ex-smoker (code =
1), and current smoker (code = 2). However, the researcher might be interested in
having a variable that provides information on whether the patient is a smoker
or a non-smoker. Thus, recoding could be done where the non-smokers and ex-
smokers are grouped together in a new variable (code = 0), and current smokers

(code =1).
b. Categorization

It is a process where a continuous variable is divided into groups, or categorized.
More specifically, a continuous variable is transformed into a categorical variable
through this step. For instance, Systolic Blood Pressure (SBP) might be divided
into three groups: hypotensive (SBP < 120), normal (SBP between 120 and 140),
and hypertensive (SBP > 140).

c. Computation

It is a step where a new variable is created using a specific mathematical
equation. A simple example of a computation process is calculating the Body

Mass Index (BMI) using the following equation:

- Weight (kg)
- Heighr: (m*)

Other examples include creating scores for different scales, such as Quality of
Life, Depression scores, etc.
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Section 8: Descriptive statistics

Once data is entered in a database, cleaned, and properly managed, the next step
is to carry out the statistical analyses. Statistics is the study of the collection,
organization, analysis, interpretation and presentation of data. It is divided into
two parts: Descriptive statistics, and inferential statistics. In this section,
descriptive statistics will be covered.

At this stage, a description of the sample collected, in terms of general
characteristics, is done through some analyses. Descriptive statistics are the
techniques used to summarize and describe the main features of a sample. It does
not involve generalizing beyond what is available in the dataset.

The type of descriptive statistics that needs to be carried out depends on the type
of variable under consideration.[34:30] Thus, two types of descriptive statistics
could be done, based on whether the variable is categorical or continuous
variable.

1. Descriptive statistics for categorical variables

There are two types of descriptive statistics for categorical variables, either by
providing frequency distribution or constructing a graph.

a. Frequency distribution

A frequency distribution lists, for each value (or small range of values) of a
variable, the number and percent of times that observation occurs in the study
sample. An example of “each value” is hypertension (either yes or no), whereas
“small range of values” is when a continuous variable is categorized, such as SBP
(<120, 120 - 140, > 140).

The following is an SPSS output of the frequency distribution of hypertension
(either yes or no) in a sample of 291 patients.

Hypertension
Frequency Percent Valid Percent Cumulative Percent
Valid No 217 74.6 75.1 75.1
Yes 72 24.7 24.9 100.0
Total 289 99.3 100.0
Missing System 2 7
Total 291 100.0

33



Section 8: Descriptive statistics

The first column “Frequency” presents the number of patients in each group, as
well as those who have missing information. The second column “Percent”
presents the percentage of each category out of the total, including the missing
values. The third column “Valid Percent” is the percentage in each category
among those who have known information, i.e. excluding the missing ones.
Finally, the fourth column “Cumulative Percent” presents the addition of the
valid percent at each level.

If this variable is to be summarized, providing the number alone will not be
adequate since it will not be clear enough, as it is dependent on the total sample.
Similarly, providing the percentage alone will not be clear as well, as it will have
no reflection on the sample size. Thus, the right way to summarize a categorical
variable is by providing both the number and the valid percent in the following
format: 72 (24.9%).

b.  Graphical representation

There are two types of graphs that are most frequently used to describe a
categorical variable, and these are the bar and pie charts.

A bar chart consists of parallel, usually vertical bars with their lengths
corresponding to the frequency or percentage of each value. The bars are
separated from each other by a space as to reflect on the categorical aspect of the
variable. Following is an example of a bar chart of the above mentioned
hypertension variable.

Bar chart of hypertension status of the study sample

60 -

Percent

20 A

Hypertension
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A pie chart is a circular chart which is divided into sectors; each sector represents
the corresponding frequency or percentage of each value. The following is an
example of a pie chart of the hypertension variable.

Pie chart of the hypertension status of the study sample

Hypertension

m No

B Yes

2. Descriptive statistics for continuous variables

There are two types of descriptive statistics for continuous variables, either by
providing summary values or constructing a graph.

a. Summary values

A continuous variable cannot be summarized by providing the frequency and
percentage, on the contrary, specific numbers are provided to represent a
variable. There are again two measures that are presented for a continuous
variable:

e  Measures of central tendency: These represent a value around most of the
data cluster around. In other words, it is the value that best represents the
continuous variable. Three measures of central tendency are available:

- Mean or average is a value that is calculated by summing up each value
of the continuous variable and dividing it by the sample size.

The formula of a mean is:
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Where DX =Xy + X, Xy e+ X

i=1

One of the disadvantages of the mean is its sensitivity to extreme
values. For example, the SBP of 5 patients are provided as follows: X1
=120, X2 =80, X3 =90, X4 =110, and X5 =95

The mean will be:

X = 120 + 80 + 90+ 110 + 95 — 99mmIg

5
- Median is the middle number, or the number that divides the data in
two halves. To calculate the median, the values of the continuous
variables have to be sorted in an ascending or descending order, after
which the middle value is chosen. For the above example, the median
will be:
80 90 95 110 120

If the number of patients is even, then the median will be the average
of the middle two values.

One of the advantages of a median is that it is not sensitive to extreme
values, but the disadvantage would be that all the patients will be
ignored except of the middle one.

- Mode is the most frequently occurring number. In the above example,
there is no mode, since each value appears once. On the other hand, if
the following data is provided for 6 patients; accordingly, the mode will
be 110, as it appears twice compared to all the other values that appear
only once.

80 90 95 110 120

Measures of dispersion: These provide an index of how much there is
dispersion or variability in the values of a continuous variable. The three
measures of dispersion are:
- Range is the difference between the highest value of the continuous
variable and the lowest value. For the following data, the range will be
120 - 80 = 40.
80 90 95 110 120

One of the disadvantages of a range is ignoring all the values and
taking only the lowest and the highest, and thus being sensitive to
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extreme values (the range will be greatly affected by one extreme

value).

Variance is a measure of how much the values of a continuous variable

are away from the mean. The formula of the variance is:
n

> -y

g2 = =L

n-1
Where X; is the value of the first patient and X is the average, and n is
the sample size.

Accordingly, a small variance indicates that values are close to each
other, whereas a large variance indicates that values are far away from
each other.

Standard deviation (SD) is the square root of the variance and the most
frequently used measure of dispersion. The formula of the variance is:

Graphical representation

The most frequently used graph constructed for a continuous variable is the
histogram, which is similar to the bar chart except that the bars are connected to
reflect on the continuity aspect of the variable. The following is an example of a
histogram of tt  BP of patients in a specific study:

Systolic blood pressure of the study sample

Frequency

150 200 300

Systolic blood pressure
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Section 9: Inferential statistics

1. Definition

Inferential statistics is a type of statistics that is used to draw conclusions on a
population used data that was collected on a sample. It is the most important
step taken by an investigator to generalize the results found in the study to the
population under consideration. All clinical research are carried out to answer
research questions postulated to a certain population, whereas studies usually
entail taking a sample and answering questions on that sample. Thus, it is crucial
to make the link between the results of the sample obtained and the population
which is the target of the research question. This step is the inferential statistics.
The link recognized is the inferential statistics.[37]

Example: To illustrate the concept of inferential statistics, a simple example is
taken into consideration. Assume that a group of researchers are interested in
assessing the SBP among patients admitted to the Emergency Department (ED)
after an MI. Although this question applies to a total population which is any
patient that meets the criteria (i.e. having had an MI and admitted to the ER);
nevertheless, a sample is taken and the outcome (SBP) is assessed. In a
hypothetical example, a sample of 291 patients were included in the study, and
their SBP was found to be 144 mg/Hg (SD = 35). This calculation is what the
descriptive statistics involves. The next step is to make inferences on the
population, which is the inferential statistics.

Note that more complex examples are applicable, such as the RR, OR, etc.
2. Probability distributions

Inferential statistics is highly related to probability distributions. A probability
distribution is a statistical function describing the probability of all possible
values of a continuous variable. The most frequently used distribution is the
normal distribution, which is unique in its characteristics, mainly being
symmetrical and having its mean, median and mode equal to each other. It is
completely described by the mean and its SD.

Another major characteristic of any normal distribution is the fact that the area
(which is referred to the probability) between -1 SD and +1 SD is 68%, and it is
95% between -2 SD and +2 SD, and is 99% between -3 SD and +3 SD.[37]
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Mean = Median = Mode
3. Types of inferential statistics

There are two main types of inferential statistics, mainly, confidence interval,
and hypothesis testing (p-value). The following is a brief explanation of each.

a. Confidence interval

The confidence interval (CI) consists of 2 numerical values defining a range of
values that with a specified degree of confidence includes the parameter being
estimated.[38] Practically, since a researcher is interested in estimating the
average SBP in the specified population, it will be impossible to estimate this
value with a single number, thus, the best way is to estimate it by providing a
range of values, which are attached with a specific confidence. Of course, the
narrower the CI indicates a better estimation, whereas the wider the CI indicates
a worse estimation. Applying the normal distribution’s characteristics, there will
be a 95% probability that the average obtained will be between 2 SD’s from the
mean. The equation used for this calculation will be:

14411.95><( % J

V291

sD

The term [‘/ﬁj is called Standard Error (SE), which is an error indicated by
taking a sample. The bigger the sample size, the smaller the SE, and the smaller
the sample size, the bigger the error. The reason the SD is divided by the square
root of the sample size is to account for the sample size. In other words, the
bigger the sample size, the estimate will be better by obtaining a CI which is
narrower (by having a small SE), whereas the smaller the sample size, the
estimate will be worse, by obtaining a CI which is wide (the SE will be big).

From the above calculation, the 95% CI was found to be 140 - 148. This indicates
the population average SBP for the population under study is between 140 and
148, with a 95% confidence. Accordingly, there is an error of 5%.
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b. Hypothesis test (p-value)

The other type of inferential statistics is related to a hypothesis testing, which is
related to the p-value. The researcher will evaluate a hypothesis about a
population rather than simply estimating it.[38] A hypothesis is a statement that
is not proven, which the investigator postulates, and according to the data
obtained will either accept it or reject it. There are two types of hypotheses:

e A null hypothesis (Ho): This indicates there is no association or no difference
e An alternative hypothesis (Ha): This indicates there is an association or a
difference

In the previous SBP example, the researchers were interested to compare the
specific population’s SBP to the normal value (considered 120).

Thus, the hypotheses will be:

e Ho:pn=120
e Ha:p#120

Accordingly, a sample was taken and the average was 140. The next step is to
decide whether this sample is supportive of the null or alternative hypothesis.
There will be two scenarios:

e If the sample supports the null hypothesis, the conclusion will be that the
population average is not significantly different from the normal value (120)

e If the sample supports the alternative hypothesis, the conclusion will be
that the population average is significantly different from the normal value

The basis on which it is decided whether the sample supports the null or
alternative hypothesis is mainly based on statistical grounds.

The difference between the observed value and the normal value is 20, and thus
the question would be, “could this observed difference be due to chance?” If it is
shown that this difference is due to chance then the conclusion would be that
there is no significant difference, whereas if it was shown that this difference is
too big to be due to chance then the conclusion will be that there is a significant
difference.

The p-value is a probability that the observed difference is due to chance or due
to sampling error. If this p-value is small (conventionally taken as < 0.05), then
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it indicates that the difference is unlikely to be due to chance, which leads to
accepting the alternative hypothesis and the conclusion will be that there is a
significant difference. On the other hand, if this p-value is large (conventionally
taken as = 0.05), then it indicates that the different is likely to be due to chance,
which leads to accepting the null hypothesis and the conclusion will be that there
is no significant difference.[39]

The o level (also referred to as type I error) is the cut-off point at which
significance is indicated, and is usually taken at 5% (0.05). More specifically, it is
the error taking place when making the inference, and is the probability of
rejecting a true null hypothesis. On the other hand, the B (also referred to as type
II error) is the error when making the inference, and is the probability of
accepting a false null hypothesis.

4. General rule for normal distributions

It is only logical that not all distributions of continuous variables are normally
distributed, which implies inapplicability of the rules discussed earlier. It has
been shown by mathematicians that the distribution used for the calculation for
the confidence interval and p-value (called sampling distribution of the mean) is
always normal, given that the same size is larger than 30 This will be the reason
why the above calculations are relevant even in non-normal.[38]

5. Different statistical tests

The p-values for different types of variables are calculated through different
statistical tests. The association between two variables depends on whether they
are categorical or continuous ones. The following is a list of the most commonly
used tests for the calculation of p-values.[38]

a. Chi-square test: It is a test used for assessing the association between two
categorical variables, such as association between physical activity (yes
versus no) and hypertension (yes versus no).

b. One sample t-test: It is a test used for assessing the difference between a
continuous variable and a fixed reference value, such as the difference
between the observed SBP and the normal value (of 120 as an example).

c. Paired t-test: It is a test used to assess the association between two
continuous measurements, which are related to each other, such as heart
rate before and after taking a certain medication.

d. Independent t-test: It is a test used to assess the association between two a
categorical variable and a continuous one, where the measurement between
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the two groups are independent, such as the SBP between males and
females.

Analysis of variance (ANOVA): It is a test to assess the difference between a
categorical variable with more than two levels and a continuous one, such as
the difference in age between patients of different severity of illness (mild,
moderate, and severe).

Correlation: It is a test used to assess the association between two
continuous variables, such as SBP and age.

All of the above yield a p-value which is interpreted in the same way.

6.

Statistical test

Cat x Cat Cat x Con Con x Con
\4 \4
Chi-Squared Correlation

One sample t-test Paired t-test Independent t-test ANOVA

Sample size calculation

Sample size calculation is an important step carried out to calculate the number

of subjects needed to be included in the research project.[*0] It is a statistical

method used to do the calculation. Different research questions require the use of

different equations for the calculation of the sample size. Typically, the following

are the basic information needed for sample size calculation:

a.

b.

Level of statistical significance (o), and is usually considered at 0.05 (5%).
The value of the power desired (1-B), and it is usually considered at 0.8
(80%).

An estimate of the expected prevalence or incidence rate in the control
group (or unexposed), as well as the expected difference in response rates to
be detected between the two groups. This could be achieved by considering
the difference that would be clinically important in management of the
specific patients, or from previous work carried out on the same topic.
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Section 10: Measures of effect

Measures of association are used to compare the outcome between two groups,
who are usually different according to their exposure status. The most relevant
measure of effect used in clinical research is the risk, which is the probability of
developing the outcome in a certain group. There are 2 types of risk.[*!]

1. Absolute risk

Absolute risk indicates the probability of an event to occur. The following is an
example of a contingency table for the association between physical activity
(exposure) and hypertension (outcome). In this group, 110 subjects were

diagnosed with hypertension which gives an absolute risk of hypertension of
18.3%.

Hypertension
Yes No Total
Yes 30 170 200
Physical Activity = 20 320 200
o
Total 110 490 600

2. Relative risk

Relative risk is a measure to assess the association between two different groups.
In the previous example, the risk of hypertension in the physically active group
was 15%, whereas that for the non-physically active group was 20%. Thus, a
relative risk is the ratio of these two risks, which yields a relative risk of 0.75.

The following is an interpretation of three different values of relative risk:

a. A relative risk of 1: It indicates that the risk of the outcome in the exposed
group is the same as that in the unexposed group, indicating no association
between the exposure and outcome. For instance, in the above example, if
the risk of hypertension in the physically active group was 20% and that in
the non-physically active group was 20%; then, the relative risk will be 1.
The conclusion would be that whether the person is physically active or
inactive, the same risk of hypertension applies.

b. A relative risk of more than 1: It indicates that the risk of outcome in the
exposed group is greater than that in the unexposed group. For instance, in
the above example, if the risk of hypertension in the physically active group
was 20% and that in the non-physically active group was 10%, the relative
risk will be 2. This indicates that physically active people have more risk of
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being hypertensive as compared to those who are non-physically active, and
more specifically, their risk is twice, or there is 100% increase in the risk of
hypertension.

A relative risk of less than 1: It indicates that the risk of outcome in the
exposed group is less than that in the unexposed group. For instance, in the
above example, if the relative risk was found to be 0.75 (15% in the
physically active group and 20% in the physically inactive group), which
indicates that physically active people have less risk of being hypertensive
as compared to those who are non-physically active, and more specifically,
there is 25% decrease in the risk of hypertension.

RR
& >
Y »
Risk is lower in the exposed | Risk is higher in the exposed
|
Exposure is beneficial 1.0 Exposure is harmful

No association

Risk difference

Risk difference is also called attributable risk and it measures the difference in

the risks between the exposure groups. The following is an interpretation of three
different values of risk difference:

a.

A risk difference of 0: It indicates that the risk of the outcome in the
exposed group is the same as that in the unexposed group, indicating no
association between the exposure and the outcome. For instance, in the
above example, if the risk of hypertension in the physically active group
was 20% and that in the non-physically active group was 20%, the risk
difference will be 0. The conclusion would be that there is no effect physical
activity on hypertension.

A positive risk difference: It indicates that the risk of the outcome in the
exposed group is bigger than that in the unexposed group. For instance, in
the above example, if the risk of hypertension in the physically active group
was 20% and that in the non-physically active group was 10%, the risk
difference will be 10%. This indicates that there is 10% increase in the risk
of hypertension which is due or attributable to physically activity.

A negative risk difference: It indicates that the risk of outcome in the
exposed group is smaller than that in the unexposed group. For instance, in
the above example, the risk difference was found to be -5 (15% in the
physically active group and 20% in the physically inactive group), which
indicates that there is 5% decrease in the risk of hypertension which is due
or attributable to physically activity.
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Section 11: Overview of study designs

A study design is a scientific method that a researcher follows to assess the
association between an exposure and an outcome. Mainly, it is the method based
on which subjects included in the study are selected, observed, followed, and
studied.

In clinical research, there are two broad categories of study designs, mainly
observational and experimental:

1. Observational studies

Observational studies are studies where the investigator assesses the association
between an exposure and an outcome by just observing what is happening
among a group of subjects. Thus, the allocation of subjects in different groups of
the exposure is beyond the control of the investigator. Under observational
studies, there are two broad categories of studies, mainly:

a. Descriptive studies: It is where the main objective of the research is to
describe the main features of the population. There are different types of
descriptive studies, mainly:

e  C(Case report: It is a report that documents unusual medical occurrences
that can represent the first clue in the identification of new disease or
adverse effect of exposures (based on one patient). It includes a
summary of the disease, such as the presentation signs, symptoms,
diagnostic studies, treatment course and outcome.

e  (Case series: It is a collection of different case reports, thus based on
more than one patient

e Cross-sectional study: It is a study in which data is collected at one
point in time and which reflects information on prevalence of outcomes.

b. Analytical studies: These are studies designed for research with the main
objective being beyond description, and where a specific association is
assessed. The main two types of analytical studies are:

e Case-control study: It is a study where participants are recruited based
on their outcome status; a group having the disease and another who
are disease-free. Information on past exposure is collected and
compared between the two groups.

e Cohort study: It is a study where participants are recruited based on
their exposure status; a group having the exposure under study, and
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another group who are exposure-free. The subjects are followed in time
to observe the occurrence of the outcome in both groups.

Cohort study
Exposure Outcome

Case-control study
Exposure W Outcome

Cross-sectional study
Exposure

Y

Outcome

\ 4

Time
2. Experimental studies

Experimental studies are those studies where an investigator allocates different
exposures to subjects based on different criteria, mainly in a random fashion, and
consequently, the investigator is no longer observing the subjects, but is actually
carrying out an experiment on them. The main type of experimental studies is
the randomized clinical trials.

I — Observational studies

Descriptive studies Analytic studies
- Case report / case series - Case control studies
- Cross-sectional studies - Cohort studies

II — Experimental studies

Clinical trials

Figure: illustration of the different study designs available in clinical research

3. General terms
The following are some terms that are useful when addressing study designs:
a. Prevalence

Prevalence is an indication of how frequent a specific outcome or disease is
present in a specified population. It is calculated by dividing the number of
subjects with a particular outcome or disease in a given population by the total
number of people in that population at a specific point in time. It is represented
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as a fraction, proportion, or a percentage. For example, the prevalence of
diabetes in the Kingdom of Saudi Arabia was estimated to be 30%, calculated by
dividing the number of diabetic patients (1,792 patients) over the total number
of subjects included in the study (6,024 subjects).[42l

b. Incidence

Incidence is an indication of how fast the outcome or disease is growing in a
specific community. It is calculated by dividing the number of newly diagnosed
subjects with a specific outcome or disease by the total number of people in that
population over a specific period of time. For example, the incidence of
intrauterine fetal deaths after 26 weeks of gestation was found to be 6.1 per 1,000
total births, which was calculated by dividing the number of deaths (103 cases)
by total number of pregnancies (16,882).[43]

c. Exposure and outcome

Exposure and outcome are two terms that researchers use when they carry out
clinical research. An exposure might also be called a risk factor or an independent
variable, and they all reflect the variable one is interested in seeing; the effect of
on a certain outcome, also called disease or dependent variable. As an example, a
researcher might be interested in studying the effect of physical activity
(exposure) on obesity (outcome), but another researcher might be interested in
studying the effect of obesity (exposure) on diabetes (outcome).

d. Contingency table

Contingency table also called a two by two table or cross tabulation, is a method
used to display the frequency distribution of two variables across each other, for
the purpose of assessing the association between these two variables. It is a
method used in the different study designs, but what differs is the measure of
association calculated, which is dependent on the type of study carried out. The
following is an example of a contingency table for the association between
physical activity (exposure) and hypertension (outcome):

Hypertension
Yes No Total
Yes 30 170 200
Physical Activity = 20 320 200
o P
Total 110 490 600

This two by two table indicates the number of subjects in each of the different
categories of both the exposure and the outcome. There are 200 physically active
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subjects, and 400 non-physically active subjects, whereas there are 110 and 490
hypertensive and non-hypertensive subjects, respectively. There are 30 subjects
who are physically active and hypertensive.

4. Biases in clinical research

Bias is the systematic error that occurs in the design, conduct, or analyses of a
study, which results in a wrong measure of association. There are three types of
biases:[*1]

a. Selection bias

Selection bias is a systematic error that occurs at the stage where improper
procedures are followed when recruiting subjects into the study. Selection bias
occurs when the results in the measure of association for those who participated
in the study are different from those in the target population. An example of
selection bias is when subjects volunteer to participate in a study, since those
volunteers might have different characteristics than those who do not. Another
example is the “loss of follow-up”, as those subjects lost over the course of the
study might be different than those who remain in the study. The way to avoid
selection bias is by employing strict inclusion/exclusion criteria, as well as
applying a random selection from the target population.

b. Information bias

Information bias is another systematic error that occurs at the stage of data
collection, where the information collected are inaccurate, and this could be at
the level of the exposure, the outcome, or other factors. This could take place
when imprecise measurement instruments or invalidated questionnaires are used.
Another source of information bias is introduced by subjects, such as recall bias,
or reluctance to tell the truth. A third source of information bias is introduced
by the interviewer when he/she probes for specific answers. In general,
information bias is avoided by using validated questionnaires as well as following
a structured method to collect information.

c. Confounding

Confounding is the third type of bias where a specific characteristic (that is
associated with the exposure and is a risk factor for the outcome) leads to a
wrong measure of association. A classic example about confounding is when the
association between coffee drinking and lung cancer is assessed. Although it has
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never been reported that coffee drinking increases the risk of lung cancer; yet,
confounding might lead to a conclusion of a positive association. This is due to
the confounding effect of smoking, which is associated with the exposure (coffee
drinking; those who drink coffee are more likely to smoke), and to the outcome
(lung cancer; those who smoke are more likely to develop lung cancer). Thus,
confounding is about mixing the effect of an extraneous variable (confounder)
with the effects of the exposure on the outcome under study.

There are 5 ways to control for confounding:

e  Randomization (in clinical trial)

e  Restriction (including subjects who are homogeneous in terms of the
confounder)

e Matching (in case control studies)

e  Stratification (assessing the association separately for the levels of the
confounder)

e Multivariate analyses (statistical technique that removes the effect of the
confounder)

The most effective way to control confounding is the multivariate analyses which
necessitates collecting relevant information on the potential confounder so that it
can be adjusted in the analyses.
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Section 12: Cross-sectional design

1. Definition

A cross-sectional study is an observational descriptive study, where the main
objective is describing a particular status among a specific community. Assume
for instance, a researcher is interested in estimating the prevalence of
hypertension in the Kingdom of Saudi Arabia. If a cross-sectional study is to be
carried out, the researcher will recruit a group of subjects, and assess the
hypertension status among them and accordingly will be able to estimate the
prevalence of hypertension. Such a study is observational since the researcher is
not intervening in any way with the subjects, whereas the researcher is only
observing the subjects and recording information on them.[*1]

Cross-section study
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A cross-sectional study represents a snap shot about a particular status in a

Defined

population

specific community, at a specific point in time (i.e. one time). This is where the
cross-sectional aspect of the study comes from. Although the study might take
few months to be conducted, the cross-sectional aspect is specific to each subject,
where he/she will be assessed only once, and no follow-up is done. Cross-sectional
studies are usually carried out to assess the burden of disease or health needs in a
specific population, and to plan and allocate health resources.

As an example, in 2011, a study was carried out by Saeed et al. to estimate the
prevalence, awareness, treatment and control of hypertension among Saudi adult
population. Out of the 4,758 subjects included in this cross-sectional study, 1,213
were found to be hypertensive, which gave a prevalence of 25.5% .[44]

Although the primary objective of the cross-sectional study is descriptive in
nature, such as estimating the prevalence; most cross-sectional studies will report
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some analytical associations between an exposure and an outcome, which will be
considered as a secondary objective. For instance, in the above mentioned study,
the authors assessed the association between gender (exposure) and hypertension
(outcome) and reported the results.

Hypertension
Yes No Total
Males 634 1,706 2,340
Gender
Females 579 1,839 2,418
Total 1,213 3,545 4,758

Accordingly, the authors reported 27.1% prevalence rate of hypertension among
males (634/2,340) as compared to 23.9% prevalence rate of hypertension among
females (579/2,418). From these numbers, it was found that a higher prevalence
of hypertension was among males as compared to females. To further quantify
the association between gender and hypertension, these two prevalence rates
might be divided by each other to obtain a prevalence rate ratio of 1.13.

The association between the risk factor and the outcome under consideration, as
calculated through a cross-sectional design, might not be considered valid since
both the exposure and outcome were assessed simultaneously which is usually
hard to confirm which came first; the exposure or the outcome. A bias that might
be introduced in such a scenario is called “reverse causality bias”. As an example,
when assessing the association between depression and cancer, a cross-sectional
study will be biased as it will be hard to ascertain whether depression preceded or
came after cancer diagnosis.

2. Choosing a representative sample

One of the most important challenges of a cross-sectional study is the selection of
a representative sample. For instance, in a study assessing the prevalence of
hypertension among Saudi adult population, the sample should include a random

sample of all Saudi adult population; otherwise the results will not be valid
because of selection bias.

3. Strengths and limitations
The few strengths of cross-sectional studies are:

a. Relatively easy to conduct, as the study methodology involves identifying a
group of subjects, collecting information on them, and analyzing the data.
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It is a study that could be done over short periods of time, since there is no
follow-up involved.

Data on all variables (exposure, outcome, and confounders) are only
collected once.

Possibility of assessing prevalence for all factors being studied.

Multiple exposures and outcomes can be studied.

The prevalence of disease or other health related characteristics are
important in public health for assessing the burden of disease in a specified
population and in planning and allocating health resources.

Good for providing descriptive results and for generating hypotheses.

The few weaknesses of cross-sectional studies are:

"o oo

Time sequence of exposure and outcome is not implicated in this design, i.e.
it is difficult to determine which one came first, the exposure or the
outcome.

Not suitable for studying rare diseases, since very few subjects will be
captured in the study, even if it includes a big number of participants.

The incidence of a disease cannot be calculated through this study design.
Susceptible to selection bias because of sampling and low response.
Susceptible to information bias because of recall.

Susceptible to confounding bias due to inability to collect information on all
potential confounders.
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Section 13: Case control study designs

1. Definition

A case-control study is an epidemiological study where participants are selected
based on their disease status. Two groups of subjects are included in this type of
study, cases (having the disease under consideration) and controls (not having
the disease). Accordingly, both cases’ and controls’ history of the exposure and
other risk factors is checked. Exposure history is compared between the cases
and controls to assess whether an association exists between the exposure and
the outcome. Thus, sampling of participants into the study is based on the
outcome status.[*!]

Case control studies are also called retrospective studies as they assess exposure

in the past, and since the direction of the study is backwards. Both exposure and
outcome would have already occurred in a case-control study.

Case control study
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For example, a study was carried out to identify the prominent maternal and
neonatal risk factors associated with early-onset group B streptococcus (EOGBS)
disease in neonates. The authors carried out a case-control study where cases
were infants < 7 days of age with invasive group B streptococcus (GBS) disease
and controls were healthy infants born in the same hospital during the same
period having the same birth weight and gestational age category.[*5]

2. Identifying cases

Case ascertainment can either be retrospective (prevalent cases) or concurrent
(incident cases). Incident cases are those derived from ongoing-ascertainment of
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cases over time, whereas prevalent cases are derived from a cross-sectional
survey.

One very important issue in selection of the cases is to ensure the
representativeness of the selected sample. Ideally, cases should represent a
random sample of all cases of interest in the source population (e.g. from vital
data, registry data). More commonly cases are a selection of available cases from
a medical care facility (e.g. from hospitals, clinics).

3. Identifying controls

If cases are a random sample of cases in the population, then controls should be a
random sample of all non-cases in the population sampled at the same time. One
general rule is that controls should be at risk of the disease. The controls should
resemble the cases in all aspects except for the presence of disease (and any as yet
undiscovered risk factors for disease). To insure comparability between the cases
and controls, different types of controls have been used in different case-control
studies, and these include: hospital controls (those admitted to the same hospital
for reasons not related to the disease under study), neighbours (door to door,
phone, etc.), friends or associates of cases, or population-based controls (a
members of a population of a defined area). The selection of one type of controls
over the other depends on factors such as feasibility, representativeness,
convenience, logistics, cost, etc.

The number of controls selected for each case varies between different studies. It
is well established that as the ratio of controls to cases increase, the efficiency of
the study will increase, which will reach a plateau at 4 controls per case.[*0] Thus,
most case-control studies include between 2 to 4 controls per each case.

4. Exposure assessment

Once the cases and controls are identified, information on past exposure history,
as well as information on other risk factors are collected through different means.
Most frequently used method of exposure collection is through questionnaires,
where the participants are interviewed for detailed recollection of their past
exposures. A more standardized way of data collection is using already existing
databases, such as drug registry.

5. Matching

To ensure comparability between cases and controls in terms of strong
confounding variables, control selection is usually done through matching. This
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indicates the process of selecting controls so that they are similar to the cases in
regard to certain characteristics. The three most commonly used matching
criteria are usually age, gender, and time.

In the paper summarized earlier,/*>] cases and controls were matched on time,
weight and gestational age, where controls had to fall in the same category as the
cases.

One of the disadvantages of matching is that matching on many variables may
make it difficult or impossible to find an appropriate control. Moreover, once a
variable has been used to match on, it cannot be used to explore possible
association of disease with it.

6. Analysis

In the study summarized above, the authors assessed the association between
fetal tachycardia and B streptococcal infection, and the results are summarized
in the following table.

B streptococcal infection
Cases Controls Total
Fetal Yes 22 7 29
tachycardia No 77 193 270
Total 99 200 299

The calculation of the prevalence rate ratio or the risk ratio will yield wrong
estimates, since any of those measures will be dependent on the number of
controls per case recruited into the study, which is decided upon by the
investigator. Thus, an alternative measure is calculated which is specific to case-
control studies, and is called the Odds Ratio (OR).

The OR is calculated by dividing the odds of exposure among the cases over the
odds of exposure among the controls. To illustrate the concept of the OR, the
following is a hypothetical table:

Cases Controls Total
Yes a b at+b
Exposure
No c d ctd
Total atc b+d a+b+c+d

. The definition of odds is a ratio between two numbers.
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e The odds of exposure among cases =a/ ¢

e The odds of exposure among controls =b / d

e  Thus, the OR will be calculated by dividing the two odds which will be
equal to (a* d)/ (b * ¢)

An OR can approximate the relative risk in instances where the disease
prevalence is low (< 10%). The OR is interpreted in the same manner as the
relative risk with an OR = 1.0 indicating no association, an OR > 1.0 indicating a
positive association, and an OR < 1.0 indicating a negative, or protective
association. In the above example, the OR will be 7.88, which indicates a
positive association between fetal tachycardia and B streptococcal infection.

7. Strengths and limitations
The few strengths of case-control studies are:

a. Being fast to be carried out, as no follow-up is needed, and at the time of
conducting the study, both exposure and outcome have already took place.

b. It involves low financial cost, again due to the fact that all the data is
collected in a relatively short period of time, and the absence of follow-up.

c.  Appropriate for studying rare diseases, since patients are selected based on
the outcome status, which gives the opportunity of recruiting an adequate
sample of the cases from a specialized health care facility.

d. Appropriate for assessing the association between different risk factors and
one outcome.

As for the limitations of case-control studies, they include the following:

a. Prone to selection bias, if the cases or controls are not representative of the
underlying population.

b.  Prone to information bias, since information collected has happened long in
the past, and it might not be accurate due to recall (people with a condition
will be more motivated to recall details about past exposures).

c.  Affected by confounding, as it might not be feasible to collect information
on a wide range of confounding variables.

d. Not appropriate for studying rare exposures, since not enough subjects
(whether cases or controls) will be found to be exposed.
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Section 14: Cohort design

1.

Definition

A cohort study is an epidemiological study where participants are selected based

on their exposure status. Two groups of subjects are included in this type of

study, exposed (having the exposure under consideration) and unexposed (not
exposed to the factor under consideration). Both exposed and unexposed subjects

are free of the disease under consideration, but they should be at risk of

developing it. Subjects are then followed prospectively over time to identify

those who develop the disease. Incidence of the disease will be compared between

the two groups to assess whether an association exists between the exposure and

outcome. Thus, sampling of participants into the study is based on the exposure
status.[41]

2.

Cohort study
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Cohort studies could be either prospective or retrospective.[*!]

a.

Prospective cohort study is what has been discussed earlier. On the
contrary, a retrospective cohort study is exactly the same as the prospective
one, with the exception being that both exposures and outcomes have
already existed in the past. Usually retrospective cohort studies are carried
out using existing medical records, where subjects are still divided into
exposed and unexposed but it is the exposure that happened in the past.
The outcome is then retrieved from the charts, which implies that the
investigator does not follow subjects as it is in the prospective cohort
studies.

For example, a prospective study was carried out in the Kingdom of Saudi
Arabia to assess the effect of BMI in early pregnancy on pregnancy
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outcome. Women during their first month of pregnancy were included in the
study. Their BMI was recruited and divided into four groups. Follow-up of
the patients was done till delivery and outcomes were measured, after which
the association between BMI and those different outcomes were assessed.[7]
Another study was a retrospective cohort study which was carried out to
investigate the rate of neonatal intensive care unit (NICU) admissions in
pregnant mothers with gestational diabetes in the Kingdom of Saudi
Arabia. The medical records of a specific hospital were reviewed and women
with gestational age and another group of healthy women were included.
Information on NICU admissions were also extracted. The association
between gestational diabetes and NICU admissions was reported.[8]

Strengths and limitations

The few strengths of cohort studies are:

Easier and cheaper than experimental studies.

Can directly measure disease incidence, since there is a follow-up inherent in
the study design.

At the time of sample selection, the outcome has not occurred yet, and thus
temporal relationship can be established between exposure and outcome,
thus building evidence for causality.

Appropriate for assessing the association between one exposure and
different outcomes.

Appropriate for studying rare exposures, since patients are selected based on
the exposure status, which gives the opportunity of recruiting an adequate
sample of the subjects with the exposure under consideration.

Being fast to be carried out, if it was a retrospective cohort study.

As for the limitations of cohort studies, they include the following:

a.

Expensive and takes a long period of time, especially if it was a prospective
cohort study.

Imbalances in subject characteristics could exist, which introduces bias.
Affected by confounding, as it might not be feasible to collect information
on a wide range of confounding variables.

Not appropriate for studying rare outcomes, since not enough subjects
(whether exposed or unexposed) will develop the outcome upon the follow-
up.

Loss to follow-up, especially when the duration of follow-up is very long,

which might introduce selection bias.
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Section 15: Experimental studies

1. Definition

A clinical trial is an epidemiological study where participants are selected based
on their exposure status, just like a cohort study. The only difference between a
cohort study and a clinical trial is the fact that cohort studies are observational
in nature (the researcher does not intervene in assigning the exposure), whereas a
clinical trial is experimental in nature (the researcher intervenes and is the one
who assigns the exposure to subjects). Thus, a clinical trial is a prospective study
where an intervention is allocated to different groups of subjects and are
followed-up over time to identify those who develop the outcome under
consideration.[4]

Since a clinical trial is about assigning the exposure to subjects, it imposes the
type of exposure to be beneficial in nature, such as vaccines, drugs, treatments,
or devices. Mainly, clinical trials are used to assess whether the new intervention
is safe, efficacious and effective. Incidence of outcome is compared between the
two groups to assess whether there exists an association between the exposure
and outcome.
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2. Phases of clinical trials

There are different phases of clinical trials that depends on the stage at which the
therapeutic agent is at;[*9] which are mainly as follows:

a. Phase I (clinical/pharmacological study): It is the phase of clinical trials that
assesses the safety (toxic and pharmacological effects) of the therapeutic
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agent, rather than the efficacy of it. Usually it includes a small number of
healthy volunteers. The outcomes assessed are usually dose tolerance and
frequency, duration of exposure, as well as absorption, distribution,
metabolism and excretion.

Phase II (initial clinical investigation): It is the first clinical investigation of
the safety and effectiveness of the therapeutic agent at a given dose. Such
clinical trials include a comparison group. Included in this type of clinical
trials are volunteer patients who are monitored in a hospital setting. The
outcomes assessed are all types of adverse events that might be due to the
agent under consideration, as well as the pharmaco-kinetics of the drug.
Phase III (full scale evaluation): It is the first large-scale controlled trial
which assesses the effectiveness of the therapeutic agent under
consideration. Included in the study are patients recruited from hospital or
clinic settings. The outcomes are all possible adverse events. A drug is
approved for marketing once it passes this phase of clinical trials.

Phase IV (post-marketing surveillance): It is the phase of a clinical trial
where the long-term effects and monitoring of the therapeutic agent which
is being used in the market is assessed. Included in the study are patients
from hospitals and clinics and are usually big in number.

Types of clinical trials

There are different types of clinical trials based on the main objective of the
study:[*]

a.

4.

Superiority trial: It is the most frequently used type of clinical trials, where
the objective is to show that a new therapeutic agent is superior to the
conventional one.

Equivalence trial: It is a type of clinical trial which is used to show bio-
equivalence, thus, to show that the new therapeutic agent is equivalent to
the conventional one.

Non-inferiority trial: It is a type of clinical trial which is used to show that
the new therapeutic agent is not worse than the conventional one.

Ethical consideration

Since a clinical trial is an experiment carried out on humans, a lot of ethical

issues come into the picture.[3"] The following are the most important ethical

considerations:

a.

Prior knowledge: For a clinical trial to meet ethical standards, there should
be enough evidence about its efficacy, in other words, enough evidence
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should exist showing that the therapeutic agent is beneficial. On the other
hand, the agent under consideration should not be proven to be superior.
This stems from the fact that the investigator should not expose patients to
a non-efficacious agent, nor should he/she withhold a superior drug from
patients.

b. Informed consent: A clear and comprehensive “informed consent” form
should be signed by participants for them to be included in a clinical trial.
Such an informed consent should be reviewed and approved by the IRB.

c. Stopping rules: Clear criteria and conditions should be outlined at the
beginning of the clinical trial that specifies the conditions under which a
clinical trial should be stopped, either for evidence of superiority of the
therapeutic agent under study or its inferiority. Such a decision should be
made by an independent body, which is usually assigned at the beginning of
the study (Data Monitoring and Safety Committee).

5. Randomization

Randomization is the most important aspect of a clinical trial. It is used to
allocate the therapeutic agent under study to patients, which is used
independently of the researchers’ preference. In technical terms, it is done where
each member of the sample included in the study has the same probability of
receiving either the therapeutic agent under consideration or the conventional
one. Although some clinical trials do not follow randomization in the assignment
of the therapeutic agent under consideration to patients, randomized clinical
trials are superior to those of non-randomized ones.

Randomization is carried out to control for confounding variables by ensuring
equal distribution of confounders. It could be done by using computer programs.
Randomization does not always generate groups that are balanced in terms of
the confounding variables. Verification of the success of the randomization could
be done by comparing the groups in terms of their baseline characteristics (which
is usually the first table in any clinical trial publication).

There are different types of randomization, mainly simple randomization, block
randomization, stratified randomization, etc.

6. Blinding

Blinding in clinical trials is a concept which means that some individuals are
masked for the knowledge of the allocated agent to the patients.[*] Mainly there
are three levels of blinding:
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a. Single blinding: This means that the patients are blinded to which drug they
are allocated. The use of placebo is specifically important when blinding is
carried out in a clinical trial. This is done to avoid bias due to psychological
benefit of the knowledge of the allocated agent by the patient.

b. Double blinding: This means that both patients and investigators are
blinded to which drug the patients are allocated. The investigators’
knowledge about the allocated agent might bias their judgment in terms of
outcome assessment, especially when the outcome is subjective.

c.  Triple blinding: This imposes blinding to the patients, investigators, and
statisticians, who in turn might introduce bias to the results of the study
based on their knowledge of the allocated agent. Blinding the statistician is
the least important in the conduct of a clinical trial.

7. Analyses

The analyses of a clinical trial is similar to that in a cohort study, where relative
risk could be calculated. There are two types of analyses that are usually carried
out to address different objectives of the study. To illustrate this, assume a
hypothetical example of an intervention to compare two medications prescribed
to relief headache. In this example, 100 patients are randomized to drug A, and
another 100 randomized to drug B. At the end of the study, 5 patients who were
randomized to drug A did not comply to the medication (i.e. did not take the
medication) and another 2 patients switched to the other medication (they took
drug B). On the other hand, among those randomized to drug B, 3 patients did
not take the medications and 3 patients switched to the other drug (they took
drug A). This is a common finding in clinical trials, and accordingly researchers
could carry out two types of analyses:[50]

a. Effectiveness analyses

Effectiveness analyses are carried out to assess the effect of treatment on the
outcome in the “real world”, which include poor compliers and those who switch
to other medications. The following is a two by two table to illustrate the
analyses. This type of analyses is called “intent to treat” analyses.

Relief of headache
Yes No Total
Drug A 100
Intervention
Drug B 100
Total 200
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b. Efficacy analyses

Efficacy analyses are carried out to assess the efficacy of treatment on the
outcome among those who actually took the medication. Accordingly, the
investigator adjusts the analyses to take into consideration those who switched
and those who did not comply. Following is the same example where the number
in the drug A group and drug B group is modified based on the information
provided about compliance and switching.

Relief of headache
Yes No Total
Drug A 96
Intervention
Drug B 96
Total 192

Example: As an example, a clinical trial was carried out to examine the effect of
intensive insulin therapy on mortality in medical surgical intensive care unit
patients, in King Abdul Aziz Medical City.[5!] Patients were randomly allocated
to receive either intensive insulin therapy or conventional insulin therapy.
Following are the results:

Treatment group
Intensive Insulin Conventional insulin Total
Yes 72 83 155
Hospital Mortality
No 194, 184 378
Total 266 267 523

The incidence of ICU mortality in the intervention group was 27.1% compared
to 32.2% among the conventional group, which gives a RR of 0.84. The
conclusion from this analysis would be that those on intensive insulin therapy
were less likely to die in the hospital as compared to those on conventional
insulin therapy.

8. Strengths and limitations
Among the strengths of clinical trials are the following:

a. Can directly measure disease incidence, since there is a follow-up inherent in
the study design.
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b. At the time of sample selection, the outcome has not occurred yet, and thus
temporal relationship can be established between exposure and outcome,
thus building evidence for causality.

c. Appropriate for assessing the association between one exposure and
different outcomes.

d. Reduced biases (selection, information and confounding).

As for the limitations of clinical trials, they include the following:

a. May be impractical or unethical, based on the available knowledge about
the intervention.

b. Expensive and take long periods of time.

c. Compliance, as some patients might not comply properly to the intervention
under study.

d. Loss to follow-up, especially when the duration of follow-up is very long,
which might introduce selection bias.

e.  Generalizability of the study results might be limited, especially when
researchers use restrictive inclusion/exclusion criteria.
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1. Overview

Writing and publishing the results of a study is the most important step a
researcher has to accomplish. Unless the results are published, the value of the
whole research project will remain minimal. This step is important for the
researcher as it provides documentation of the work done and the findings found.
For the medical community, it is crucial that research findings are published as it
provides public knowledge about the research project which may enhance
medical knowledge.

A scientific manuscript is an original text of an author’s work which is submitted
to a publisher. The structure of a manuscript follows strict criteria that abides by
the scientific method. It includes different sections that provides the reader with
the information needed to understand what was done and what results found.
The structure depends on the journal to which the article is being submitted.
Different journals have different guidelines, which should be reviewed and
followed when preparing the manuscript to be submitted.[52-53]

2. Manuscript preparation

Preparing a manuscript is a time consuming and critical step in the research
process. The scientific manuscript is made up of the following sections (a
template of a manuscript is provided in Appendix II):

a. Title Page

The title page should have the following information:

. Title of the manuscript: It should be simple, concise and informative.
Authors should include the keywords in the title that will make electronic
retrieval of the article easier, as well as understanding the main features of
the manuscript easily screened.

° Authors’ names and institutional affiliations: This is to indicate information
about the researchers who carried out the study, as well as their affiliation.

° Contact information for corresponding authors: The name, mailing address,
telephone and e-mail address of the author responsible for correspondence
about the manuscript.

e  Source(s) of funding: It includes the sources from which funding was
provided to carry out the study, if any.
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e Conflict-of-Interest: To prevent potential conflicts of interest from being
overlooked or misplaced, this information needs to be part of the
manuscript.

b. Abstract and key words

An abstract summarizes the major aspects of the entire research project. The

length of the abstract should be kept to about 200-300 words maximum (a

typical standard length for journals.) Although there are various abstract forms-

which depend on each journal; generally, an abstract should include the

following parts:

e  Study aims or objectives

e Methods, such as study design, inclusion/exclusion criteria, and data
collected

e Results found which highlights the main findings of the study

° Conclusion which summarizes the main conclusion of the study

The abstract helps readers decide whether they want to read the rest of the
paper. It may be the only part they can obtain via electronic literature searches;
therefore, enough information need be included to make it comprehensive by
itself (without referring to the full paper). Although it is the first section of the
paper, the abstract is usually written last since it summarizes the paper. Once the
abstract is completed, it has to be checked in reference to the full paper to make
sure that the information in it is in agreement with what is written in the
paper.[>4

c. Introduction

The introduction provides a context or background for the study (that is the
nature of the problem and its significance). It contains the study background
(revealing the importance of the problem under study, supported by data from
the available literature), the study objective and questions that were answered
by the study.

The structure of the Introduction can be thought of as an inverted triangle - the
broadest part at the top representing the most general information and focusing
down to the specific problem you studied. Organize the information to present
the more general aspects of the topic early in the Introduction, then narrow
toward the more specific information that provides context, finally arriving at
your statement of purpose and rational. It should be able to ‘drive’ the readers to
understand and agree that the idea of the study performed is necessary and
reasonable.
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d. Methods

The Methods section should include only information that was available at the
time the plan or protocol for the study was being written. In this section, the
following should be explained:

e The study design

e  Time and place of the study

e Inclusion and exclusion criteria

e Subject selection (sampling)

e Information collected throughout the study

e Informed-consent (if applicable)

e  Statistical analyses used to reach the results

It is important to note that both the introduction and the methods sections have
been prepared earlier for the proposal, nevertheless, the researcher has to update
the literature review, as well as to modify the methods section according to what
methods actually were used for carrying out the study.

e. Results

The study results must be presented in a logical sequence in the text. Overview of
the study sample should be provided, followed by results pertaining to the
objective of the study. It serves as a summary of the tables, but it should not
replicate them, rather it should highlight the most important findings.

f.  Discussion

This section emphasizes the new and important findings in light of what is found
in the literature. Results should not be repeated in this section, rather
implications of the results should be addressed. Specifically, this section should
include possible mechanisms or explanations for the findings, comparison of the
results with other relevant studies, indication to the strengths and limitations of
the study, as well as implications for future research and for clinical practice.

g. Conclusion

This section summarizes the potential significance of the paper and final
implications on similar research or clinical practice concluded from the study.
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h. References

It is a list of published scientific material (papers, books, etc.) that were used in
the manuscript.

i.  Tables and graphs

These are the summary of the results obtained from the study under
consideration, and should be clearly presented with titles and footnotes.

After the manuscript has been written according to the guideline provided by the
journal, it could be read few times to make sure it flows well, and is free from
typos, incomplete sentences, and grammatical errors. At that time, it could be
given to some colleagues for review and final comments. Once the researcher is
comfortable with the manuscript as it stands, submission to a scientific journal is
next.

3. Manuscript submission

Choosing the appropriate journal for publishing research papers is a tedious
process. If the research paper is submitted to a journal whose target audience
and scope is not relevant, there is little chance of it getting published. It is
essential that the researcher chooses the most appropriate journal to submit the
research paper to.

Following are some of the factors to be considered during journal selection:

If the journal is peer-reviewed or not

Scope of the journal

Does it publish original research or review papers
Impact factor of the journal

Average duration of review process

-0 a0 T

Does it have online submission system?
g. Cost of publication (page charges etc.)

A cover letter should be prepared and submitted along with the manuscript. It
should include the following:

a. A statement that the manuscript is original work of the author and has not
been published before in another journal or other media
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b. Statements about any sponsor that potentially may cause any conflict of
interest

c. A statement that the manuscript has been read and approved by all the
authors

d. The name, address, and telephone number of the corresponding author, who
is responsible for communicating with the journal

The next step is to submit the manuscript to the selected journal, following the
step-by-step submission process, which varies from journal to journal. Most of
the scientific journals nowadays accept electronic submission of manuscripts.
Authors should consult the journal’s Instructions for Authors for detailed
description of the submission process. Many journals provide a pre-submission
checklist to help the author ensure that all the components of the submission
have been included.[55]

4. Submission response

The time between submission and receiving the response from the journal could
be as short as a day and as long as few months. There are three possible responses
to the submission of the paper:[>]

a. Acceptance as is

Acceptance as is: indicates that the editorial office, accepts the manuscript
without any further modifications, which is rarely the case. Accordingly, the
next step is to finalize the process by signing the “copyright transfer agreement”
that is specific to each journal.

b. Conditional acceptance

Conditional acceptance: is an indication that the manuscript has good chances of
being accepted for publication. Usually, lists of comments are sent to the author.
Some of these comments could be minor (such as typos) or major (such as further
analyses). The next step for the authors is to address each and every comment
received with as much details as possible, by either abiding by the suggestions or
by not taking them into consideration. In either case, the authors should justify
their action. At this point, the modified draft of the manuscript, along with a
point by point letter addressing the comments should be sent to the journal,
through the online system. It might take few rounds of revisions before the
manuscript is accepted.
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c. Rejection

Rejection which indicates that the manuscript is rejected for publication in that
journal, for reasons that might be based on the topic, the quality, the conclusion,
or just that it does not fall within the scope of the journal. At this point, the
authors should look for another journal to which they should submit their
manuscript.

Although the publication process might be time and effort consuming, it is very
important and it gets easier with time, as the researcher publishes more papers.
One last thing to keep in mind is that most research projects are publishable in
scientific journals, but the type and impact of the journal in which it will be
published might differ.
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Section 17: Evidence based medicine (EBM)
1. What is EBM

EBM is the integration of the current best research evidence with clinical
expertise and patient’s values, preferences and circumstances.’”l By best
research evidence we mean most updated and relevant clinical research. By
clinical expertise we mean the clinical skills and past experience to identify each
patient's unique health state and diagnosis and the specific risks and benefits of
potential interventions. By patient values we mean the specific preferences,
concerns, personal values, and expectations of each patient.[58]

Figure: Three E’s - EBM components
2. Why we need EBM

In the past, physicians relied on their own experience or that of other health care
workers to take decisions regarding patients’ treatment. Currently this approach
is inadequate and poor as health care workers rapidly find themselves unable to
cope with the influx of a huge variety of new information, from the irrelevant to
the very important. Therefore, the need for the evidence-based decision came
from:[59]

a.  Our daily need for valid information about diagnosis, prognosis, therapy
and prevention.

b. The inadequacy of traditional sources for this information because they
might be out-of-date (textbooks), potentially wrong (colleagues), or too
overwhelming in their volume (medical journals).
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c. The disparity between our diagnostic skills/clinical judgment, which
increases with experience, and our up-to-date knowledge which declines
with time.

d.  Our inability to afford more than a few minutes per patient for finding and
assimilating this evidence or to set aside more than few hours per week for
general reading and study.

3. EBM principles
EBM involves two fundamental principles:[59]

a. Evidence alone is never the sole basis for decisions: Benefits and risks, costs
and alternative strategies, as well as the patients’ values are all factors that
must be taken into consideration alongside with evidence when taking the
decision.

b. EBM has a hierarchy of strength of evidence for treatment decisions: The
hierarchy of evidence is a spectrum of potential sources beginning with
those most likely to provide the evidence to those with the least likely.
Thus, the physician must begin with the highest available evidence from the

q,l systematic
d‘é' Reviews

Critically-Appraised Individual
Articles [Article Synopses]

hierarchy.

TRIP Database
searches these FILTERED
simultaneously ‘e‘ INFORMATION

Randomized Controlled Trials ‘
(RCTs)

) UNFILTERED
— Cohort Studies INFORMATION
Case-Controlled Studies
Case Series / Reports

Background Information / Expert Opinion \

Figure: Hierarchy of Evidence
4. EBM steps

Practicing EBM is primarily based on five well defined steps (5 A’s), which can

be broadly categorized as the five A’s:[58.60.61]

a. Asking Focused Questions: The question should be directly relevant to the
problem at hand and should be phrased to facilitate searching for a precise
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answer. To achieve these aims, the question must be divided into four

components, which are called ‘PICO’.

e P: The Patient and/or Problem being addressed. Ex: Young children
with otitis media

e  I: The Intervention or exposure being considered. Ex: Treatment with
Amoxicillin

e  C: The Comparison intervention when relevant. Ex: Compared with
placebo

e O0: The clinical Outcomes of interest. Ex: Results in faster
improvement?

The overall question becomes: Does Amoxicillin lead to faster improvement
in otitis media among young children compared to placebo?

Acquiring the Evidence: In this step we make a systematic retrieval of the
best evidence available. Choosing the best resource to search is an important
decision.

Following is a list of some valuable resources for practicing EBM:[62]

e  Summaries of the primary evidence: ACP Journal Club, Clinical
Evidence

e  Databases: PubMed, Cochrane Library

o  Electronic textbooks and libraries: AccessMedicine, ACPMedicine,

e Meta-Search Engines: SUMSearch, TRIP Answers

Appraisal of evidence: It is the process of assessing and evaluating the

evidence for its internal validity, its clinical relevance, and applicability.

Appraisal of evidence depends on the following 4 pillars -RVRA:

e Relevance: It focuses on the relevance of the literature to the question
asked

e Validity: Are the results of the study valid?

e Results: What are the overall results? How precise are they?

. Applicability: Are the results Applicable in and useful for my patients

Application of the best evidence in practice: Based on the findings of the
above, a clinical decision is to be made.

Assessing and evaluating the performance: Evaluating our effectiveness and
efficiency in executing Steps 1 - 4 and seeking ways to improve them both

for next time.
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Ask
answerable
question

Appraise
the
evidence(s)

Apply the
best
evidence

Acquire the
evidence(s)

Assess your
performance

Figure: EBM steps, the 5 A’s
5. Limitations of EBM

Although EBM is regarded as the best standard of conventional clinical practice

there are a number of limitations for its use:[38.60]

a. Lack of good evidence for many clinical questions

b. Results may not be relevant for all treatment situations

c. Lagin time between when the research studies is conducted, when its results
are published when these are properly applied

6. Linking research to EBM

Finally, to be able to practice medicine based on the best evidence, the health
care practitioner has to be equipped with both clinical and research knowledge.
More specifically, research knowledge includes understanding of research process,

ethical consideration, study design, statistical analyses, and results
interpretation.
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Appendices

Appendices

I — Research proposal

1. Title of Proposal: (Instructions: Fill all appropriate boxes apply to your project)

2. Type of Project: (please check all applicable options)

D Chart Review D Diagnostic D Qualitative Research D Quantitative Research

D Human D Laboratory D Therapeutic D Basic Science
D Other
3.  Starting Date: 4.  Duration: 5.  Total Fund Requested (US dollars):

6.  Principal Investigator (PI):

Name: Affiliation & Address:
Title/Position: Tel. No.:
7. Co-Investigator: | Title/position: Department: Signature:

7.1  Principal Investigator’s Assurance:
The undersigned agrees to accept responsibility for the scientific and technical conduct of

the proposed research and submission of progress reports if this application is approved.

Advisor’s Name & Signature: Date:
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8.

Abstract: (up to 200 words): Concisely describe the aims of study, methodology, short and

long-term objective and the significance of the study to health problems in Saudi Arabia.
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Specific aim(s): (up to one page)
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10. Background and significance: (1 to 3pages)
(Instructions: Literature review of previous studies on the subject; and justification of the

study by stating the problem and its importance). Please attach additional pages if needed.
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11.

Research design and Methods: (up to 5 pages)

11.1 Study Area/Setting: (Instructions: Describe the area or setting where the study will be

conducted. This description will cover the details relevant to the study topic)

11.2 Study Subjects: (Instructions: Inclusion and exclusion criteria of the study subjects)
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11.3 Study Design: (Instructions: Mention the type of study design e.g. cross-sectional, case-

control, intervention study, etc.)

11.4 Sample Size: (Instructions: Mention the input criteria for sample size estimation)
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11.5 Sampling Technique: (Instructions: Mention the sampling technique, (e.g. randomization)

that will be used in order to obtain a representative sample for your target population)

11.6 Data Collection methods, instr used, measur : (Instructions: Describe the
instruments used for data collection (questionnaire, observation recording from, etc.) and
studied variables included in these instruments, as well as the methods used to test for the
validity and reliability of the instrument. Techniques used will be briefly described and

referenced. Study definitions [e.g., case definition]| will be mentioned)
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11.7 Data Management and Analysis Plan: (Instructions: Describe the analysis plan, tests used

for data analysis and statistical package(s) used)
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12. Ethical Considerations: (Instructions: Address the ethical issues, such as confidentiality,

anonymity, IRB approval, consent, etc.)
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13. Literature cited: (Instructions: List the references cited in the sequence they appear in the

proposal, and used Vancouver style)
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14. Budget: (Please use the attached documents for the price list of equipment used, if

applicable)
Unit Cost Total Cost
Budget Breakdown Remarks
(US dollars) | (US dollars)
Personnel
Total
Supplies and Equipment
Total

Patients Cost

Total

Others (please, specify and
justify briefly)

Total

GRAND TOTAL
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15. Time frame for the study: (Instructions: Please use this form as a template for timeline of

project)

Month
Tasks

Progress report
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II — Manuscript template

Title Page

Authors

Affiliations
Corresponding author
Conlflict of interest:
Keywords:

Abstract

Background:
Objectives:
Methods:
Results:
Conclusion:

Introduction

1. Background information about the topic
2. What is known
3. Gap in knowledge

Conclude the Introduction section with a statement about the objective(s) of the study

Methods
Study design:

Setting:

Study population:

1. Inclusion criteria
2.  Exclusion criteria

Sampling:

1. Selection of patients

Data collection:
1. Method of data collection
2. Data collected
a. Information
i what
ii. when
b.  Questionnaire used

91



Appendices

Endpoints:

Ethical considerations:
1. IRB approval

2. Consent forms

3. Confidentiality

Statistical analyses:

1. Program used

2. Data cleaning

3. Data management

4. Data analyses
a. Univariate
b. Bivariate
c.  Multivariate

Results

Overall description of participants (demographic
socioeconomic profile)

Summary of findings

Multivariate analyses

Discussion

Summary of study and findings
1. Overall methodology and objective
2. Overall finding

characteristics

Comparison with literature (comparing results to similar studies)

Strengths and limitations
Future recommendation
Conclusion (final statement about the overall study)

Tables and Graphs
Table 1:
Table 2:
Table 3:
Table 4:
References

and
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