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ABSTRACT

Facing an enormous influx of information from medical research, clinicians need to differentiate robust study findings from spurious ones.
The levels of evidence are an important component of Evidence-Based Medicine. Understanding the levels helps the Ophthalmologist
to prioritize information and make right clinical decisions. The aim of this article is to describe the hierarchy of studies regarding their
scientific evidence focusing on ophthalmology.
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Resumo

Em face a um enorme influxo de informacdes de pesquisa médica, os clinicos precisam diferenciar os achados de estudos robusto dos
espurios. Os niveis de evidéncia sdo um componente importante da Medicina Baseada em Evidéncias. Compreender os niveis ajuda
o oftalmologista a priorizar as informacgdes e tomar decisdes clinicas corretas. O objetivo deste artigo é descrever a hierarquia dos
estudos em relag@o a evidéncia cientifica com enfoque na oftalmologia.
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INTRODUCTION

research, clinicians need differentiate robust study findings

from spurious ones and to decide which results they can use
with high confidence and which they should be more skeptical
about.!)? The levels of evidence (LE) are an important component
of Evidence-Based Medicine (EBM). Understanding the levels
and why they are assigned to publications and abstracts helps the
reader to prioritize information.®

The LE were originally described in a report by the Canadian
Task Force on the Periodic Health Examination in 1979.©® The
purpose of the report was to develop recommendations on
the periodic health exam and base those recommendations on
evidence in the medical literature. The authors developed a
system of rating evidence when determining the effectiveness of
a particular intervention.

Since the introduction of LE, several other organizations
and journals have adopted variation of the classification system.
Diverse specialties are often asking different questions and it
was recognized that the type and level needed to be modified
accordingly.®)

Ophthalmologists are encouraged to find the highest
evidence to answer clinical questions. The aim of this article is to
describe the hierarchy of studies regarding their scientific evidence
focusing on ophthalmology.

l Facing an enormous influx of information from medical

Types of Studies

Multiple LE rating scales exist, and although there are some
differences among the various scales, most are very similar. A
pyramid (Figure 1) has expressed the idea of hierarchy of medical
evidence for so long that not all evidence is the same.

Various versions of the evidence pyramid have been
described, but all of them focused on showing weaker study
designs in the bottom (basic science and case series), followed by
case—control and cohort studies in the middle, then randomized
controlled trials (RCTs), and at the very top, systematic reviews
and meta-analysis. This description is intuitive and likely correct
in many instances. The placement of systematic reviews at the top
underwent several changes in interpretation, but still was thought
of as an item in the hierarchy.®

In this paper we will describe the study types starting from
the smallest to the highest LE as well as the best practice guides
for conducting each type of research.

Animal Research / In Vitro Studies (Basic science studies).

Basic science studies investigate the cause-outcome
relationships between a dependent variable and independent

establish causality
(bias |

CASEREPORTS / CASE SERIES

EXPERT OPINION /LETTERS

mAzmo-—em MmO rFmemr

ANIMAL RESEARCH / IN VITRO STUDIES

FIG 1- LEVELS OF EVIDENCE OR HIERARCHY OF EVIDENCE.
(The hierarchies rank studies according to the probability of bias)
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variables, such as animal experiment, genetic and cell studies.
Also, method development studies investigate the development
and improvement of biochemical (e.g., enzymes, markers or
genes).® These kinds of study have a low LE, being at the base
of the pyramid

Several checklists have been developed to guide authors in
the preparing, conducting and reporting stages of their studies.©
The ARRIVE checklist supplies transparency and accuracy in
the animal experiments.”

Over the past decade, a new discipline in biomedical
research has emerged. Translational science, as it has been termed,
is concerned with the application of laboratory or “bench” science
to the diagnosis and treatment of human diseases.® Moreover;
the role of well-informed clinicians, invested in promoting as
well as utilizing new research, is clearly recognized as crucial for
the communal advancement of medicine and continued support
of basic science.®” The Translational Eye Research stimulates
communication between basic scientists and clinicians.

Experts Opinion / Letters.

Letters to the editor of an academic journal are usually
open post publication reviews of a paper, often critical of some
aspect of the original paper. An expert opinion is often biased
by the author’s experience or opinions and there is no control of
confounding factors.® They provide an important platform for
comments on current approaches in ocular medicine, but present
low level in the hierarchy of evidence.

Case Reports / Case Series

Patient and disease characteristics related to some
interesting and remarkable type defined in a patient are called
a “case report”. When the number of patients is more than one,
this is called a “case series”. These are the simplest research
types and do not contain a control group. Case series are usually
starting points of the examined hypothesis in the Case-control,
cross-sectional or cohort studies.?

Case reports present clinical observations customarily
collected in healthcare delivery settings. They have proved
helpful in the identification of adverse and beneficial effects, the
recognition of new diseases, unusual forms of common diseases,
and the presentation of rare diseases.!"

The CARE (CAse REport) guidelines include a reporting
checklist, an international initiative aimed at promoting
transparent and accurate reporting of health research studies to
enhance the value and reliability of medical research literature.
This 13-item checklist includes indications regarding the title,
key words, abstract, introduction, patient information, clinical
findings, timeline, diagnostic assessment, therapeutic interventions,
follow-up and outcomes, discussion, patient perspective, and
informed consent. The implementation of the CARE guidelines
by medical journals improved the completeness and transparency
of published case reports.(?

Case-Control Studies

When studying rare diseases or diseases with long latency,
it makes sense to start with groups who do (cases) and do not
(controls) have the outcome of interest and to investigate the
exposures retrospectively. The advantage of this design is its
biggest drawback: in assessing exposures retrospectively, cases
may overreport exposures relative to controls (recall bias). Where
and how to select the appropriate control group for a series of
cases also may affect the study findings (potential selection bias).!)
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Case-control studies are observational by design, generally
quick, cheap, easy to perform. Furthermore, case-control studies
are particularly suitable for studying risk factors associated with
rare diseases or conditions.!¥ The STROBE statement for case-
control studies guides authors (checklist of items that should be
included in reports of observational studies).¥

Cohort Studies

A Cohort is a special group of people who have been
selected according to some defining characteristics and they have
certain disease risk factors or health outcome. Cohort Studies, also
called follow-up studies, are generally prospective and enquire:
“What will happen in the future?” Individuals are followed
over time in cohort studies, and researchers assess exposure and
outcome during follow-up.®

A cohort study analyzes two or more groups forward from
exposure to outcome. This study can be done by going ahead in
time from the present (prospective cohort study) or, alternatively,
by going back in time to comprise the cohorts and following
them up to the present (retrospective cohort study). A cohort
study is the best way to identify incidence and natural history of
a disease, and can be used to examine multiple outcomes after a
single exposure. However, this type of study is less useful for rare
events or those that take a long time to develop. A cohort study
should provide specific definitions of exposures and outcomes:
determination of both should be as objective as possible.»As
well as in case-control studies, the STROBE statement for cohort
studies helps authors.(

Cohort studies often are viewed as the gold standard in
observational epidemiology. The available evidence generated
from these studies for eye diseases has been promising with the
capacity to evaluate multiple outcomes with a measure of absolute
risk in addition to a measure of association. The effort and expense
to conduct cohort studies can be justified with these high LE.(9

Randomized Controlled Trials

In modern-day EBM, randomized controlled trials (RCTs)
represent a cornerstone on which we base our clinical decision."?
A RCT is a type of scientific experiment which aims to reduce
bias when testing a new treatment. People participating in the
trial are randomly allocated to either the group receiving the
treatment under investigation or to the group receiving standard
treatment (or placebo treatment) as the control. Randomization
minimizes selection bias and the different comparison groups
allow the researchers to determine any effects of the treatment
when compared with the no treatment (control) group, while other
variables are kept constant. The RCT is often considered the gold
standard for a clinical trial. RCTs are often used to test the efficacy
or effectiveness of various types of medical intervention and may
provide information about adverse effects, such as drug reactions'®.
RCTs are expensive and slow, however, their LE is higher due to
the fact that randomization removes the allocation bias.©®

Shen etal." reported a Fragility of Results in Ophthalmology
Randomized Controlled Trials. According to the authors,
statistically significant dichotomous results in ophthalmology
RCTs are often fragile, meaning that a difference of only a few
events can change the statistical significance of the result.

The Optic Neuritis Treatment Trials @” is an example of a
RCT.Many respected journals endorse the CONSORT statement
in order to improve the scientific quality and transparency of
RCTs. Authors should be used to the CONSORT statement as a
guideline in RCTs.®)
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Systematic Review and Meta-Analysis

Several clinical studies (RCTs or Cohort) may be
conducted in a clinical area over a period of years in different
parts of the world. The results may be different and there may
be different properties such as sample size and multicenter.
A Meta-Analysis combines the statistical results of different
studies in a particular clinical area.®? Systematic reviews and
meta-analyses are essential to summarize evidence relating
to efficacy and safety of health care interventions accurately
and reliably and the PRISMA statement guides the authors in
the preparation of a Meta-Analysis.®® A Systematic Review
evaluates and interprets the evidence of all studies conducted
in a clinical area. The main difference from a Meta-Analysis is
that former combines the evidence of different studies based on
interpretation instead of combining statistical results.®

Chen et al .® in a survey of systematic reviews and meta-
analyses published in ophthalmology until 2010 noted some
interesting aspects: 1- The number of published systematic
reviews and meta-analyses in ophthalmology has been increasing
progressively over the past few years; 2- Retina and glaucoma were
the two major subspecialties accounting for 35% and 21% of the
published, respectively; 3- The major topics published in retina were
age-related macular degeneration (37% ), tumors (14% ), and diabetic
retinopathy (12%); 4- The author affiliations of these studies were
largely from the USA (30%) and the UK (22%); 5- About 60%
of the systematic reviews and meta-analyses were published in
ophthalmology journals, followed by the Cochrane Library (15.75%)
and other non-ophthalmic journals (25.14%), respectively.

SOME IMPORTANT CONCEPTS

The goal of public health is to decrease or prevent diseases
in the population. Relative risks (RR) and odds ratios (OR)
estimate the strength of association between diseases and risk
factors. A risk factor may be strongly related to a disease, but may
contribute less to the problem of that disease in the population
if its prevalence is low. In epidemiology, RR or relative risk is
the ratio of the probability of an outcome in an exposed group
to the probability of an outcome in an unexposed group. An
OR is a statistical tool defined as the ratio of the odds of A in
the presence of B and the odds of A without the presence of B.
This statistic attempts to quantify the strength of the association
between A and B.®>

RCTs are the gold standard in the assessment of a treatment
effect. The magnitude of this effect can be presented in various
ways. In 1998, Laupacis et al.?® reported the Number Needed to
Treat (NNT), an expression of the number of patients who must be
treated to prevent one adverse event. A statistical tool called NNT
has been proposed, and is now included in some textbooks and
used in research articles and guidelines. The NNT is the inverse of
the difference in rates and is usually expressed as a whole number.
If the difference between the infection rates on two treatments is
17%,then 100 , 17 = 6 is the NNT.@?

EVIDENCE IN OPHTHALMOLOGY:
ARE WE DOING BETTER?

Ang et al. in 2001@® analyzed publishing trends in two
internationally renowned ophthalmology journals. In conclusion,
it was suggested that the standard of publications has improved in
the British Journal of Ophthalmology and the American Journal
of Ophthalmology, with an increasing international contribution
over the past two decades.
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Siddiqui et al.?” evaluated the quality of reporting of all
diagnostic studies published in five major ophthalmic journals in
the year 2002 using the Standards for Reporting of Diagnostic
Accuracy (STARD) initiative parameters. According to the
authors, the standards of that time of reporting of diagnostic
accuracy tests are highly variable. The STARD initiative may
be a useful tool for appraising the strengths and weaknesses of
diagnostic accuracy studies.

Lai et al.®” evaluated the proportion of interventions that are
evidence based in the acute care unit of a regional eye hospital (Hong
Kong Eye Hospital in July 2002). This study demonstrated that the
majority of interventions in the ophthalmic unit were evidence based
and comparable to the experience of other specialties.

Bojikian et al."? in 2015 carried out a research to determine
whether the LE of papers published in 4 major ophthalmology
journals have improved over a decade. They identified all
articles from American Journal of Ophthalmology, Archives of
Ophthalmology (now JAMA Ophthalmology), British Journal
of Ophthalmology, and Ophthalmology published from January
1, 1997, to December 31, 1997, and from January 1, 2007, to
December 31, 2007. The articles were then screened to include
only clinical articles. Each manuscript was assigned a LE using the
criteria from the Oxford Centre for EBM. It was assessed whether
citation frequency was associated with its levels of evidence.
They concluded that, given the cost and difficulty associated
with performing a iirge, prospective trial to answer any given
question, it is realistic to assume that the lower LE publications
will continue to play a large role in guiding our field. It seems that
not only the absolute number, but also the proportion of high-level
publications, has increased over the decade studied (all journals
showed an improvement in their mean LE over this decade).
Additionally, authors seem to be less frequently citing weakest LE
publications, which should indicate improved critical evaluation.

RESEARCH FUNDING AND CONFLICTS
OF INTEREST IN MEDICAL RESEARCH

Lexchin et al.®Y, in a systematic review on sponsorship and
pharmaceutical research results and quality, noted that: Research
sponsored by the drug industry was more likely to produce
results favouring the product made by the company sponsoring
the research than studies funded by other sources. Thus, when a
pharmaceutical company funds research into drugs, studies are
likely to produce results favourable to the sponsoring company’s
product. This cannot be explained by the reported quality of the
methods in research sponsored by industry. The result may be due
to inappropriate comparators or to publication bias.

Bero et al. ®? in a review published by Cochrane states that:
Sponsorship of drug and device studies by the manufacturing
company leads to more favorable efficacy results and conclusions
than sponsorship by other sources.

According to Bekelman et al.,®¥ financial relationships
among industry, scientific investigators, and academic institutions
are widespread. Conflicts of interest arising from these ties can
influence biomedical research in important ways.

CONCLUSION

Not all therapeutic recommendations are based on evidence
of equal quality. EBM is about finding evidence and using that
evidence to make clinical decisions. A cornerstone of EBM is the
hierarchical system of classifying evidence. However, this does
not mean that this hierarchy should be adopted blindly; there is
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now increasing recognition that not all randomized, controlled
trials are equal. A badly performed randomized, controlled trial
may rank lower than a well-conducted cohort or case-control
study. Furthermore, there is also increasing recognition that
even a well-conducted randomized, controlled trial does not
mean that an intervention is adopted automatically; translating
a result into clinical practice depends on a consideration of
local circumstances, patient values, and resource availability.
The proportion of publications in ophthalmology has increased
over time, therefore, understanding the types of scientific
evidence as well as its hierarchy is fundamental to guide
research without wasting time prioritizing information for
correct clinical decision making.
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