Critical appraisal: how to evaluate research for use in
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The ability to make appropriate evidence-based decisions in clinical practice relies on
pharmacists having the skills to extract and translate the most relevant and useful
information from published literature.
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PROFESSIONAL SKILLS

This article aims to assist pharmacists when critically reviewing a research paper to support clinical
decision making and evidence-based practice
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After reading this article, you should be able to:

o Appreciate the importance of critical appraisal skills;

o Understand and apply principles of critical appraisal to support evidence-based
practice;

» Recognise the different types of studies found in research and their design;

o Determine the quality, value and applicability of a research paper to clinical practice.
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Not all data in healthcare research are of equal quality[1]. To incorporate evidence-based
medicine (EBM) into practice, pharmacists must be able to assess the quality and
reliability of evidence[2]. This requires the development of critical appraisal skills.

Critical appraisal

The critical appraisal of health-related literature by healthcare professionals is a multi-
step process that requires|[2]:

1. Formulation of a question that is important for improving patient health while
advancing scientific and medical knowledge;

2. Searching the relevant literature to find the best available evidence;

3. Appraising research critically to evaluate quality and reliability, as well as
applicability to the formulated question;

4. Applying the evidence to practice;

5. Monitoring the interventions to ensure the outcomes are reproducible and effective.

Assessment and evaluation of publications can be daunting. However, this article aims to
assist pharmacists when critically reviewing a research paper to support clinical decision
making and evidence-based practice.

This article focuses on the theory behind critical appraisal.

Types of studies in health research

e Cohort studies
Case-control studies
Cross-sectional studies
Randomised clinical trials
Systematic reviews
Others

To undertake critical analysis, it is important to first understand the types of studies that
are used to generate evidence, and how the data are analysed to provide standardised
measurements of outcomes[3]. These can then be compared to evaluate whether an
intervention is effective. A summary of the main research studies used in healthcare
research, including their advantages and limitations, can be found in Table 1.

The most common types of studies used to report healthcare research include:

Cohort studies

These are observational studies that can either be retrospective (e.g examine historical
records) or prospective. Here a group of people are selected for inclusion who do not
have the outcome of interest (e.g. exploring the association between major depression
and increased risk of advanced complications in type 2 diabetes)[4,5]. Over a period, they
are observed to see if they develop the outcome of interest and, therefore, the relative
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risk can be determined when compared with a control group[6]. One of the biggest
problems with cohort studies is the loss of participants (e.g. owing to personal reasons, or
their condition not improving post-treatment). This can significantly affect the results and
outcomes[7]. Most importantly, cohort studies are the best way to test a hypothesis,
without experimental intervention[8].

Case-control studies

A type of observational study and typically retrospective, where patients in a group with a
particular outcome of interest are compared with another group that does not have the
outcome, but the same degree of exposure as the test group[6,9]. Case-control studies
determine the relative importance of a predictor variable in relation to the presence or
absence of the disease[6,9]. An example of a case-control study is investigating the
association of low serum vitamin D levels with migraine[10].

Cross-sectional studies

These studies commonly employ interviews, questionnaires and surveys to collect data
[10]. Although not rigorous enough to assess and measure clinical and medical
interventions, they can be used to determine attitudes of a cross-section of the population
that is representative of the outcome of interest[11]. For example, one cross-sectional
study aimed to identify the main competencies and training needs of primary care
pharmacists to inform a National Health Service Executive training programme[11].

Randomised clinical trials (RCT)

The most rigorous and robust research methods for determining whether a cause—effect
relationship exists between a new treatment or intervention and its outcome[12]. Although
no study alone is likely to prove causality, randomisation reduces bias and the studies are
often blinded, so the clinicians, patients and researchers do not know whether patients
are in the control or intervention groups[12,13]. RCTs are considered the gold standard in
clinical research studies and are positioned at the top of the evidence pyramid[14] (see
Figure).
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Figure: Evidence pyramid, illustrating the increasing strength of evidence in research.
MA: meta-analyses; SR: systematic reviews.

The greatest advantage of RCTs is the minimisation of bias providing strong clinical
evidence, which is favoured by healthcare professionals; however, there are some
limitations to this type of study[15] (see Table 1).

Systematic reviews

These studies are robust, thorough and comprehensive. They obtain a more accurate
and evidence-based assessment of a research question[16,17]. By comparing a large
body of data, from a wide range of sources from primary literature, the results are
analysed collectively (e.g. meta-analysis) to assess for consistency and reproducibility
[16,17]. Study inclusion is set by an explicit selection criterion and reviews are typically,
although not always, quantitatively analysed for statistical significance[17]. Systematic
reviews are useful to obtain current, updated information regarding contemporary topics
in healthcare. For example, in one review on the safety and efficacy of COVID-19
vaccines, data from several RCTs were analysed and the results were compared to
obtain a more justified argument for vaccine use.

Others

Other studies used to gather evidence in healthcare research include:
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* i) case studies and case series — focusing on individuals or a collection of cases
that are of interest to the author, but does not involve trying to find the answer to a
hypothesis;

« i) qualitative studies — well-suited for investigating the meanings, interpretations,
social and cultural norms and perceptions that impact health-related practice and
behaviour;

« iii) diagnostic tests — investigate the accuracy of a diagnostic test; it is common to
compare to a ‘gold standard’ and measure either the specificity or sensitivity[17-20].
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Type of Advantages Limitations

design
Cohort Likened to natural High potential for selection bias and
studies experiments where large confounding factors. Loss of

populations are followed participants can affect the outcome

over extended periods of of the study

time. Alternative to RCTs if

they are unsuitable or

unethical
Case- Typically used for Risk of observational and recall bias
controlled investigating risk factors (as the study is always
studies when the outcome of interest retrospective), as well as

is rare and there is a long confounding factors

period between exposure

and outcome
Case Can offer invaluable Uncontrolled study designs, known
reports and  information relating to the for increased risk of bias with no
case series  benefits and harms of framework for synthesis and

certain treatment, application of evidence

particularly in the absence of

experimental designs, such

as an RCT
Cross- Generally quick, easy and Types of bias that affects the study:
sectional cheap to perform, often selection bias (can be overcome by
studies involving a questionnaire a large population of participants),

survey lack of response to questionnaires
Randomised The process of random Bias can be introduced if the study
controlled allocation and blinding of participants realise they are taking
trials (RCT) clinicians, researchers and the actual treatment and

patients minimises bias subconsciously alter their behaviour.

considerably Systematic errors in the design can

lead to unreliable results

Systematic By performing a meta- A risk of bias exists from selection of
reviews analysis on the selected studies and the quality of the
(SR) studies, data from different primary research to be included in

studies are combined to the study. SRs not analysed

assess for reproducibility statistically are prone to bias

and consistency introduced by the reviewer

Table 1: Advantages and limitations of different study designs[11,13,16—18,21-28]

Steps to follow when reviewing an article

Once an article has been identified as relevant to the topic of interest, it is essential to first
determine the quality of the study by assessing its appropriateness, including whether the
study design was able to answer the hypothesis/research question.
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1. Determine whether the ~ What was the main aim/hypothesis of the study?
study addressed a clearly ~ What was the exposure or intervention?
focused issue Was the research design appropriate?

Was the study retrospective or prospective?

2. |dentify the study What were the inclusion/exclusion criteria?
population Was the sample selection an accurate representation
of a defined population?

Were the control and test groups selected from
populations comparable in all respects except for the
factor under investigation?

Were there any losses of study participants?

3. Interpret the results What was the outcome and how was it measured?
Is there clear evidence between exposure and
outcome?

4. Assess for bias Were the main potential confounders identified and

considered?
How well was the study conducted to minimise the
risk of bias and confounding?

5. Determine whether the  Are the results of the study directly applicable to
study can be applied to patient groups in local practice?
practice

Table 2: Checklist for critical appraisal of a research study

The following steps outline the main considerations when validating a study and are
summarised in Table 2.

1. Determine whether the study addressed a clearly focused issue

The introduction of the article should clearly state the aims and objectives of the research
being undertaken, and background information should be provided so the reader
understands the reasons why this research is needed, and how the research findings will
contribute to advancing clinical and scientific knowledge.

Most research studies will evaluate one of the following:

Therapy — efficacy of a drug treatment, surgical procedure or other intervention;
Causation — if a suspected risk factor is related to a particular disease;
Prognosis — outcome of a disease following treatment/diagnosis;

Diagnosis — the validity and reliability of a new diagnostic test;

Screening — test applied to a population to detect disease.

2. Identify the study population

Particular attention must be given to the selection criteria used for RCTs. Exclusion of
groups of patient populations can lead to impaired generalisability of results and over-
inflation of the outcomes of the study[29]. Women, children, older people and people with
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medical conditions are often excluded from these studies, so caution must be applied
when interpreting the results[30].

Crucial to the selection criteria is that all study participants share common aspects other
than the variable being studied so comparisons can be made[23]. For observational
studies, such as cohort and cross-sectional, the individuals selected should be an
accurate representation of a defined population[31].

3. Interpret the results

Assessing the appropriateness of statistical analysis can be tricky, but for evidence-based
practice it is necessary to have a basic understanding of statistics since errors have been
known to occur in published manuscripts[28]. The ‘method’ section of the paper should be
clear about the rationale for the approach and how the outcomes and results were
obtained. The language used should be understandable to the journal’s readership.

There are two main uses for statistics in research. These are to provide general
observations and to allow comparisons or conclusions to be made[32,33]. A previous
article from The Pharmaceutical Journal offers a basic introduction to statistics, providing
a practical overview of differential/inferential statistics and significance testing. These will
not be discussed in detail in this article.

4) Assess for bias

Bias can occur at any stage within a research study, and the ability to identify bias is an
important skill in critical appraisal because it can lead to inaccurate results. Bias is the
systematic (non-random) error in design, conduct or analysis of a study resulting in
mistaken estimates. Different study designs require different steps to reduce bias. Bias
can occur because of the way populations are sampled, or the way in which data are
collected or analysed. Unlike random error, increasing the sample size will not decrease
systematic bias[31].

There are many types of bias, but they can be considered under three main categories:

o Selection bias is when the composition of the study subjects or participants in a
research project systematically differs from the source population. A simple example
would be during recruitment of participants for an influenza vaccine trial, where the
participants are healthy adults. However, the sample population is not
representative of a cross-section of the general population — missing out children,
older people and adults with comorbidities;

e Information bias, or ‘misclassification’, occurs when outcomes, exposures of interest
(factors measured) or other data are incorrectly classified or measured. This is
particularly problematic in observational studies (cross-sectional, case or cohort
studies) where data are gathered using questionnaires, surveys and interviews. The
method of data collection is argued as unreliable;
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e Confounding is often referred to as a ‘mixing of effects’, where the effects of the
exposure under study on a given outcome are mixed in with the effects of an
additional factor (or set of factors), resulting in a distortion of the true relationship.
Confounding factors may mask an actual association or, more commonly, falsely
demonstrate an apparent association between the treatment and outcome when no
real association between them exists[34]. For example, alcohol intake has been
identified as a cause of increased coronary heart disease[35]. However, there are
many confounding factors that ‘blur’ the facts, such as differences in socio-
economic and lifestyle characteristics, the type of drink consumed (beer, wine), and
the fact that smokers are more likely to drink alcohol than non-smokers. These
factors will confound the observed relationship between the amount of alcohol
consumed and risk[36].

5) Determine whether the study can be applied to practice

Pharmacy professionals can determine the applicability of study results to clinical practice
by:

o Comparing research results to relevant guidelines (e.g. National Institute for Health
and Care Excellence);

« |dentifying whether local or national clinical policies exist that are supported by
EBM;

o Discussing recommendations and the applicability of research findings with
colleagues and peers;

e Summarising and critically appraising the various interventions studied in relevant
clinical trials and studies;

o Evaluating the cost-effectiveness of the interventions[37].

Critical appraisal skills are necessary to extract the most relevant and useful information
from published literature and it is the duty of all healthcare professionals to keep up to
date with current research to identify gaps in knowledge and to ensure optimal patient
outcomes. It is also particularly beneficial for pharmacists, as demand for such skills
increases with the rise in opportunities to deliver advanced clinical services.

Additional resources — critical appraisal tools

Several user-friendly tools are available to assist individuals with developing critical
appraisal skills. Table 3 summarises a selection of useful websites that provide checklists
and guidance on critical appraisal skills.
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Study design Tool Website
available
Cohort studies *CASP https://casp-uk.net/casp-tools-checklists/
cohort tool  https://www.sign.ac.uk/what-we-
aSIGN do/methodology/checklists/
bSTROBE https://www.equator-network.org/reporting-
guidelines/strobe/
Case-controlled  CASP https://casp-uk.net/casp-tools-checklists/
studies SIGN https://www.sign.ac.uk/what-we-
STROBE do/methodology/checklists/
https://www.equator-network.org/reporting-
guidelines/strobe/
Cross-sectional STROBE https://www.equator-network.org/reporting-
studies guidelines/strobe/
Randomised °CEBM https://www.cebm.ox.ac.uk/resources/ebm-
control trials SIGN tools/critical-appraisal-tools
https://www.sign.ac.uk/what-we-
do/methodology/checklists/
Systematic CEBM https://www.cebm.ox.ac.uk/resources/ebm-
reviews CASP tools/critical-appraisal-tools
SIGN https://casp-uk.net/casp-tools-checklists/
https://.sign.ac.uk/what-we-
do/methodology/checklists/
General dCCAT https://conchra.com.au/2015/12/08/crowe-

*Critical Appraisal Skills Programme; 2Scottish Government Clinical Advice; PStrengthening the
Reporting of Observational Studies in Epidemiology; °Centre for Evidence-Based Medicine;
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