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ABSTRACT

Medical writers are medical literature
consumers. They need to be able to
evaluate the quality of the articles they
use as information sources or choose to
cite in their own writing. Writers with-
out training in research design may
intuitively recognize well-done reviews
and clinical studies. However, a more
deliberate consideration of certain cri-
teria will permit the most efficient use
of both reviews and clinical studies.

A well-constructed systematic review
addresses a focused study question or
questions, specifies the process used

to identify relevant clinical studies,
critically evaluates those studies, syn-
thesizes the findings, and forms conclu-
sions. Individual clinical studies may
be judged according to their method-
ologic strength and application use-
fulness. Type of research design, study
conduct, sample size, and the manner
in which data are reported determine
study strength. Generalizability, realis-
tic selection of study participants, and
patient-centered outcomes contribute
to the usefulness of a study.

edical writers are medical

literature consumers. They

need to be able to evaluate
the quality of the articles they use as
information sources or choose to cite
in their own writing. Writers with-
out training in research design may
intuitively recognize good articles.
However, a more deliberate consider-
ation of certain criteria will permit the
most efficient use of both reviews and
clinical studies. The goal of this article
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is to provide an overview of those cri-
teria. The discussion will begin with a
description of systematic reviews and
their usefulness to medical writers.
The majority of this article will review
principles involved in the critical
appraisal of clinical studies.

RECOGNIZING HIGH-QUALITY
REVIEWS

Almost everyone who makes use of
published medical literature has occa-
sion to find a good review article. For
purposes of obtaining background
information or determining typi-

cal practice patterns, a well-written
narrative review article may suffice.
However, for a comprehensive over-
view of the clinical evidence pertain-
ing to a particular issue, a systematic
review is more likely to be useful. In a
systematic review, there is a methodi-
cal search for and synthesis of the
results of clinical research. Compared
with narrative reviews, systematic
reviews tend to be more compre-
hensive in terms of cited research
findings, are less likely to be biased,
and are more likely to be organized
around explicit clinical questions. A
narrative review primarily reflects the
knowledge and opinions of an expert
or group of experts, whereas a sys-
tematic review attempts to discover
something new through a methodi-
cal analysis of published research
evidence.

To be considered “systematic,” a
review should include the following
elements'*:
¢ Focused study question(s): A

systematic review begins with a
definition of what is important to
know and then continues with a
search for the answer. Examples of
study questions include the follow-
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ing: Is core decompression more
effective than pain medication in
delaying hip replacement? Is pan-
creas transplantation effective in
preventing or reversing secondary
complications of diabetes?

A specific search strategy:

Search refers to literature search,
ie, areview of databases such

as MEDLINE, EMBASE, or the
Cochrane Library. The search
should be systematic, and the strat-
egy should be defined in the review
article. Elements of such a strategy
include at a minimum the particu-
lar databases searched, publication
dates included, and search terms.
Specified criteria for article selec-
tion: Further criteria should be
applied to the selection of individ-
ual articles from the results of the
literature search. Study design (eg,
only randomized controlled tri-
als), size of the study sample, and
follow-up of a minimum duration
are examples of selection crite-
ria. These criteria should allow
selection of articles most likely to
provide the strongest and most
applicable evidence, given the
study question(s).

Critical appraisal of studies,
including formal quality assess-
ment: This step of a systematic
review applies quality criteria to
the selected studies (see the fol-
lowing section). A good systematic
review not only summarizes the
reported findings of the selected
studies but also provides com-
ments on the strength of those
studies, the strength of the rela-
tionship between those studies
and the focused question(s) of the
review, and any other qualifiers
that might affect interpretation.



Some authors of systematic reviews
use formal checklists to assess the
quality of individual studies.

¢ Synthesis: A good systematic
review culminates in a synthesis
of the evidence provided by the
individual clinical studies, taking
into account the critical appraisal
of those studies. Synthesis may
be purely qualitative, or it may
involve statistical meta-analysis, in
which data from multiple studies
are pooled to derive more precise
estimates of a particular treatment
outcome or diagnostic accuracy.
The synthesis leads to a stated con-
clusion.

A systematic review may stand
alone. It may also be combined with
other information and considerations
to yield clinical policy (practice guide-
lines), reimbursement policy, or public
health policy.>*¢ For a general medical
writer’s purposes, a systematic review
can be useful for either providing a
well-reasoned answer to a particular
issue or simply identifying the best
clinical studies on a topic.

RECOGNIZING HIGH-QUALITY
CLINICAL STUDIES

Various medical writing tasks require
the interpretation of individual clini-
cal studies. Some degree of critical
appraisal of study quality is more
likely to lead to selection of the best
studies and to a more accurate repre-
sentation of their findings. The qual-
ity of evidence provided by a study is
derived from its strength as well as

its usefulness. The following discus-
sion does not provide a complete
guide to critical appraisal of clinical
research but illustrates key principles.
Additional information and quality
checklists are available online and in
the literature.”* 12

Study Strength

The terms strength of evidence or study
strength refer primarily to method-
ologic strength. It refers to measures
taken by investigators to enhance the

internal validity of the study, which
is another way of saying that bias is
minimized. The strength of a study is
usually assessed in terms of research
design, study conduct, sample size,
and reporting and analysis. Research
design typically determines the level
of evidence, which might then be
upgraded or downgraded based on
the other aspects of the study or study
article.

Research Design

A hierarchy of study design guides the

first step in assessing the strength of

an individual study. Epidemiology

textbooks are good resources for

detailed discussions of specific study

designs. Evidence-grading schemes

typically use some variation of the

following simple categories, at least

for studies of treatment interven-

tions.!*1377 These categories are listed

in order from strongest to weakest:

e Randomized controlled/compara-
tive trials

* Nonrandomized controlled/com-
parative studies

¢ Uncontrolled/noncomparative
studies

e Expert opinion, case reports

Some systems include meta-anal-
yses (of randomized controlled trials)
in the same category as random-
ized controlled trials. Other systems
do not include meta-analyses at all
because they do not provide primary
evidence. In arandomized controlled
trial, patients are assigned either to
the active treatment group or to a con-
trol group that does not receive this
treatment. A computerized algorithm
makes a random assignment each
time a patient is enrolled. The result is
that the 2 groups (treatment and con-
trol) are as similar as possible. They
are unlikely to differ in factors that
might bias results by differentially
affecting treatment response in the 2
groups. Such factors are called con-
founders. An example of a confounder
would be age in a trial in which the
patients undergoing usual conser-

vative treatment (the control group)
were on average younger than patients
undergoing a new surgical procedure
(the interventional group). A lower
incidence of future cardiovascular
events in the control group could be
partially attributable to the age differ-
ence. With successful randomization,
any observed difference in outcome
should be due solely to the difference
in interventions and not because of
pre-existing patient differences. A
randomized controlled trial compares
the active intervention of interest
either with a placebo (no treatment)
or with standard treatment. Head-to-
head or comparator trials, in which 2
nonstandard alternatives are com-
pared, may also be randomized.
Randomized trials are by their very
nature prospective in design, with
patients enrolled according to a speci-
fied study protocol and data collected
to answer study questions. A pro-
spective study of any design is one in
which outcomes are not yet known.
Unlike randomized trials, non-
randomized controlled/comparative
studies are subject to selection bias
because factors that affect interven-
tion assignment may also be related to
outcome. For example, more severely
ill patients might be more likely to
volunteer for an experimental treat-
ment because they have more to gain,
whereas less severely ill patients
might prefer to remain with standard
treatment. Nonrandomized stud-
ies may be prospective or retrospec-
tive. Retrospective studies analyze
data pertaining to patients treated in
the past; the outcome of treatment
is already known. Such studies are
subject to information bias because
of the limited availability, accuracy,
and completeness of patient charts, or
by previous collection of data without
research purposes in mind. Another
variation is to prospectively assess
a group of patients and then make
comparisons with a historical control
group, that is, a group treated earlier
in time. This design carries the limi-
tations of retrospective data analysis
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and may preclude the observance of
identical selection criteria and treat-
ment protocols for the 2 groups (see
the Study Conduct section).

Uncontrolled, noncomparative
studies include longitudinal stud-
ies, case series, and database analy-
ses that do not compare 2 groups of
patients. Longitudinal studies are pro-
spective by definition. Case series and
database reviews are generally con-
sidered retrospective studies although
authors sometimes state that data col-
lection was prospectively defined.

Another way of categorizing
research designs is to group them
as experimental/interventional or
observational. Experimental stud-
ies represent deliberate intervention,
or treatment assignment, on the part
of the investigator. The term usually
brings to mind randomized trials, but
nonrandomized methods of treat-
ment assignment characterize some
experimental studies. In observa-
tional studies, the investigators do
not make treatment assignments.
Observational studies may involve
natural control or comparison groups
(as in cohort studies), comparisons of
current patients with historical con-
trols, case-control studies, cross-sec-
tional studies (patient-level data), and
ecologic/correlational studies (group-
level data). Other observational study
types are database analyses, which
may or may not involve comparisons,
and case series. Experimental studies
are considered to be methodologically
stronger than observational studies
but may not be as useful (see the Study
Usefulness section).

The lowest level of clinical evi-
dence comprises certain sources of
information rather than actual study
designs. This level includes expert
opinion and case reports. The opin-
ions of experts, even of experts with
vast experience, are subject to bias
due to knowledge gaps, nonrepre-
sentative patient populations, and
the limitations of human perception
and memory. Furthermore, experts
in the field may tend to be advocates

of new technology because they work
at institutions most likely to be early
adopters. Nevertheless, in the absence
of clinical trial data, expert opinion
can be very useful. Case reports, pub-
lished descriptions of a single case or
a small number of cases, may suggest
avenues of research but do not repre-
sent systematically derived evidence.
Practice guidelines often must rely
on expert opinion to address some
issues, but health technology assess-
ments and systematic reviews gener-
ally exclude expert opinion and case
reports. (Practice guidelines recom-
mend approaches to multiple aspects
of a particular disease or clinical
problem; health technology assess-
ments evaluate the safety and effec-
tiveness of devices, drugs, procedures,
or tests. A practice guideline may
make use of one or more previously
written health technology assess-
ments.)

Study Conduct

Apart from design category, many
choices made by investigators in the
conduct of a trial can affect study
quality. In evidence-grading schemes,
factors related to study conduct might
positively or negatively modify a
ranking made solely because of study
design. For randomized trials, blind-
ingis an important quality differenti-
ator. Blinding means that the persons
involved in a trial do not know the
identity of the interventions being
delivered to specific patients until
after the completion of data collec-
tion. If patients, clinicians admin-
istering the interventions, or other
personnel involved in data collec-
tion and analysis are aware of treat-
ment assignment and if there is any
subjective element to the reporting of
symptoms or evaluation of outcomes,
then the results might partially reflect
expectations associated with the
newer treatment. Thus, bias would be
introduced and some of the benefits
of randomized treatment assignment
would be lost. Additionally, if patients
knew that they were not in the experi-
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mental/treatment group, they might
be more likely to drop out of the trial,
resulting in large losses to follow-

up. In single-blind trials, the study
participants are unaware of which
intervention they are receiving. In
double-blind trials, both the patient
and the evaluators are unaware of the
intervention received.

In nonrandomized controlled/
comparison studies, it is important
that patient groups be made as similar
as possible. Researchers can specify
the same inclusion/exclusion criteria
for patient enrollment in all groups.
Such criteria are usually related to fac-
tors such as medical history, comor-
bidities, age, sex, and disease severity.
Investigators may go a step further
and select a control group or indi-
vidual control patients on the basis
of characteristics matched to the
specific characteristics of patients
already selected for the treatment
group. Bias may also be introduced
by differences in treatment settings
or the timing and manner of outcome
assessment. In any controlled or com-
parison study, regardless of random-
ization, the study protocol should be
well defined so that there are mini-
mal treatment differences between
groups except for those related to the
intervention of interest. For example,
in a study comparing extracorporeal
shock wave treatment for tennis elbow
with a sham treatment (a form of pla-
cebo), supplemental corticosteroids
should be either prohibited or allowed
in both groups.

Lastly, aless-than-adequate fol-
low-up interval, losses to follow-up,
or both may invalidate the results of
an otherwise strong study. Follow-up
must be long enough to allow the
outcomes being reported to manifest
themselves. A study focusing on short-
term adverse reactions may need only
a brief follow-up interval. A study of
techniques used in fracture repair
requires perhaps only a few months of
follow-up. However, a study report-
ing the impact of a cholesterol-low-
ering drug on cardiovascular events



requires long-term follow-up of sev-
eral years. As the follow-up interval
lengthens, the possibility of loss of
patients to follow-up increases. Over
time, some patients may discontinue
their assigned treatment or not return
for follow-up visits. A difference in
follow-up rates between comparison
groups suggests biased results. Even
in an uncontrolled case series, if the
reasons for not returning are related
to how well or how poorly patients
fared following treatment, results can
be misleading. The careful reader will
look to see whether measures have
been taken to minimize loss to follow-
up or to compensate for losses by such
tactics as telephone interviews.

Sample Size

There is no magic number when it
comes to adequate sample size. In
larger samples, the results of the study
are more likely to be consistent with
results that would be observed if the
whole population of interest were
studied. In other words, large sam-
ples reduce the likelihood of sam-
pling error. In situations in which the
magnitude of expected improvement
or the magnitude of the expected dif-
ference between 2 groups is small,
alarger sample size is necessary for
observed changes or differences to
be statistically significant. Thus, one
mark of a carefully planned study is
the report of power calculations, in
which minimum sample size is deter-
mined ahead of time and is based on
expectations of differences of a speci-
fied magnitude. These expectations
may be based on what the authors
consider to be a clinically important
effect.

Reporting and Analysis of Results
Investigators have not added to the
overall body of clinical evidence

if they have simply collected data.
Quality in the dimension of report-
ing and analysis means that data
were analyzed in a manner appro-
priate to the clinical issues and to
the nature of the data. It also means

that enough data are reported for the
reader to judge the authors’ conclu-
sions. The statistical significance and
the variability of key results should

be reported. Statistical significance
indicates the probability (P value)
that change or the difference between
groups occurred by chance alone.
Variability refers to the level of preci-
sion in observed results as expressed
by a confidence interval, standard
deviation, standard error of the mean,
or simply by a range of observed val-
ues. Even readers who are untrained
in statistics can look to see that these
issues were considered. (For more

information on evaluating statistics,
see the series of articles by Tom Lang
published in the AMWA Journal.)
Testing for statistical significance
should not preclude reporting clini-
cal significance, also referred to as
clinical importance. For example, a
pain treatment may result in a statisti-
cally significant 1-point decrease on
a 10-point pain scale. Is that enough
improvement to make a difference

in patient well being or functional
abilities? It may not be possible for a
medical writer unfamiliar with the
field to make these judgments, but
data showing the magnitude of effect

/
Reporting Standards

~

For medical writers who work with authors to prepare articles for publi-

cation, reporting standards are very important tools. Reporting standards

were not developed to guide critical appraisal of already published

literature, but to ensure that biomedical articles being written for publica-

tion include the information necessary to permit critical appraisal. These

standards were derived from principles of good research and analysis."?

Widely recognized reporting guidelines include the following.

* PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses)

* CONSORT Statement (Consolidated Standards of Reporting Trials
[for randomized controlled trials])

* STARD (Standards for Reporting of Diagnostic Accuracy)

» STROBE (Strengthening the Reporting of Observational studies in
Epidemiology)

* MOOSE (Meta-Analysis Of Observational Studies in Epidemiology)

* TREND (Transparent Reporting of Evaluations with Nonrandomized
Designs [focuses on behavioral and public health interventions])

These checklists and other similar resources are available through an

online clearinghouse managed by the EQUATOR Network.?

1. Bossuyt PM, Reitsma JB, Bruns DE, et al. Towards complete and accu-
rate reporting of studies of diagnostic accuracy: the STARD initiative.
Fam Pract. 2004;21:4-10.

2. Altman DG, Schulz KF, Moher D, et al. The revised CONSORT state-
ment for reporting randomized trials: explanation and elaboration.
Ann Intern Med. 2001;134:663-694.

3. EQUATOR Network.Resource Centre: Library of health research
reporting. Available at www.equator-network.org/index.aspx2o=
1032#what. Accessed October 12, 2009.

/
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and somecomment on the part of the
authors about clinical importance are
the marks of good analysis.

Analytic techniques are important
ways to compensate for deficiencies
of study design or unavoidable prob-
lems. In nonrandomized controlled/
comparative studies, various statisti-
cal techniques can be used to control
for known confounders so that results
are adjusted for baseline differences
between groups and bias is mini-
mized. There are also techniques for
calculating results in multiple ways
to explore the possible effects of high
losses to follow-up or the effect of
patients’ unplanned crossover from
one treatment to another.

Study Usefulness

A study may or may not be appli-
cable to all clinical and policy situ-
ations, even if well designed and
conducted in an appropriate man-
ner. Generalizability, also referred to
as applicability or external validity, is
a key concept of usefulness. Can the
results obtained in the particular set-
ting and for the particular patients
represented by the study be general-
ized to other settings and patients?
This area is often deficient in random-
ized trials. The very things that help
minimize bias and aid clear inter-
pretation—tightly controlled treat-
ment and strict monitoring protocols,
highly trained clinical staff, carefully
selected patients—give rise to the
question of whether the same results
would be obtained in routine practice
settings and among the patient popu-
lations typically seen in those set-
tings. Furthermore, because of their
expense, randomized trials usually do
not have long follow-up periods and
thus may not shed light on outcomes
such as survival or long-term safety.
Randomized trials are generally
designed to evaluate efficacy—how
well the treatment or diagnostic inter-
vention works in a controlled setting.
In the early stages of development

for a new intervention, efficacy and
safety are the most important issues.

Eventually, studies that address effec-
tiveness—how well the intervention
works in typical practice settings—
are the more useful studies. There are
randomized effectiveness trials, also
called pragmatic trials; however, the
primary source of effectiveness data is
observational studies. Researchers are
developing new observational study
designs and statistical tools to serve
the growing demand for real-world
effectiveness data.'® '

The manner in which a study
sample is selected also affects gener-
alizability. Although randomization
minimizes bias by making treat-
ment groups or treatment and control
groups similar, it is possible for the
overall study group that undergoes
randomization to have been selected
in a manner that is not systematic and
is thus not representative. Enrolling
every consecutive and eligible patient
or selecting a random sample from
the eligible population would be good
ways to achieve sufficient representa-
tion in controlled/comparative trials
and uncontrolled studies.

Another drawback to a study’s use-
fulness is the type of outcome mea-
sured. Intermediate outcomes are less
useful ultimately than health-related
or patient-centered outcomes. For
example, the effect of a surgical tech-
nique on range of motion is less mean-
ingful than whether it helped the
patient return to playing tennis. The
effect of antihypertensive medica-
tion on blood pressure is crucial, but
whether use of the medications pre-
vents heart attacks and strokes is even
more important. Results expressed in
terms of quality-adjusted life-years
or healthy life-years are especially
meaningful from the patient’s view-
point. Lastly, cost-effectiveness may
be a useful outcome measure from a
payer or policymaker perspective.

Other issues affect usefulness.
Depending on the developmental
stage of the intervention, trials com-
paring the intervention with another
relatively new alternative may be
more useful than those comparing
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the intervention with a placebo or
with standard treatment. If effective-
ness has been established, then stud-
ies analyzing long-term safety issues
may be needed. Studies that attempt
to answer remaining questions about
the use of the intervention in certain
high-risk groups such as the elderly
may be the most useful for interven-
tions that have already been well
studied in general populations.

STUDIES OF NONTHERAPEUTIC
INTERVENTIONS

Quality criteria for studies of diagnos-
tic, prognostic, and screening meth-
ods are not as well developed or as
easy to comprehend as those for ther-
apeutic studies. The principles dis-
cussed so far are most easily applied
to therapeutic studies, ie, studies that
evaluate treatments. These principles
can also be applied to studies evaluat-
ing diagnostic/prognostic tests when
the studies are designed to measure
an outcome, eg, a change in treatment
plan or improvement in survival.?
Such assessments of clinical impact
imply the comparison of patients who
are treated according to results of the
new or unproven test with patients
who are treated according to standard
criteria. However, most nonthera-
peutic studies stop short of evaluat-
ing clinical outcomes. At best, they
calculate sensitivity and specificity by
comparing test results with results of
aso-called gold standard (reference
standard) or with surgical/pathologic
confirmation. A typical disease mix
in the tested population, a reasonable
source of reference (normal) values,
and blinded evaluation of test results
improve the validity of nontherapeu-
tic studies, whether they are assess-
ing outcomes or accuracy. Examples
of even less informative studies are
those that simply explore statistical
associations between laboratory test
results and known disease or describe
subjective evaluation of image quality
for an imaging technique.



CONCLUSION

Many of the principles that define

the quality of medical literature are
within the realm of common sense
and will not be surprising to medi-

cal writers, even if some of the terms
are new. Moreover, effective use of the
clinical literature does not necessar-
ily require the detailed and technical
critique that this review might imply.
It is my hope, however, that the reader
can now more quickly discriminate
between the best and the not-so-good.
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