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ABSTRACT

Medical residents and postdoctoral fellows are often re-
quired to conduct and publish original research as part of
their medical education. However, their relative lack of
experience, time, money, and sometimes supervision in
conducting original research often results in research of
modest quality on topics of limited importance. Such
research may also consume scarce resources from the
sponsoring institution. Manuscripts describing such re-
search are often unremarkable, although most are submit-
ted for publication, where editors and peer reviewers will
spend time evaluating them.

Systematic reviews of the literature, however, offer
similar training in the scientific method, are relatively

inexpensive to conduct, teach critical appraisal of the
literature, give trainees a thorough command of the topic
studied, and provide even new investigators the opportu-
nity to make important contributions to the literature.
Systematic reviews of the literature should thus be accept-
able alternatives to original research assignments for most
trainees in medical education programs.

The author reviews the characteristics of systematic
reviews, outlines the steps in conducting them, identifies
the lessons learned from completing each step, and com-
pares the advantages and disadvantages of systematic
reviews with those of conducting original research.
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The most important obligation now confronting the nation’s
colleges and universities is to break out of the tired old
teaching versus research debate and define, in more creative
ways, what it means to be a scholar. —Ernest Boyer, Scholar-
ship Reconsidered: Priorities of the Professoriate

s the manager of medical editing services for a
tertiary medical, research, and teaching hospital
for many years, and now as a consultant and
trainer in scientific publications, I have helped
hundreds of residents and fellows prepare their research
manuscripts for publication. Despite providing trainees with
experience in the research and publishing processes, the vast
majority of these manuscripts reported research of modest
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quality on topics of limited importance. Yet, these manu-
scripts often represented a substantial investment by the
institution, as well as by the authors.

Systematic reviews of the literature (defined below) offer
trainees the opportunity to address important clinical ques-
tions worthy of publication in leading journals. Such reviews
can provide trainees with desired experience in the research
and publishing processes, usually at reduced costs to the
institution, and are consistent with the recommendations of
the Boyer Commission on redefining education in research.'
In addition, they provide trainees with a body of evidence-
based knowledge about a topic that they would probably not
gain from conducting a single original study with a limited
review of the literature.

In this article, then, I make the case that systematic
reviews of the literature are not only suitable for meeting
most academic research and publication requirements for train-
ees, but that they also have additional advantages not provided
by conducting original research. As such, they should be a
legitimate and acceptable alternative to the requirement
that residents and fellows perform original research.
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THE REQUIREMENT TO PUBLISH ORIGINAL RESEARCH

Many medical education programs require their trainees to
complete an original research project by the end of their
academic term. (Original research is defined here as formulat-
ing and testing a unique hypothesis with an observational or,
occasionally, an interventional study.) The purpose of these
assignments is to train new physicians in critical thinking
and in the scientific method, familiarize them with the
research and publication processes, and provide them with
an experience and perhaps a publication that will further
their careers.

Sometimes, trainees contribute to research designed or
conducted by a supervising researcher. Other times, they
must develop their own research plan. Unfortunately, new
researchers seldom have the time, experience, skill, re-
sources, or supervision needed to conceive, plan, initiate,
complete, and publish research of real value in the available
time. However, in a student version of “publish or perish,”
trainees must still investigate something in the time allowed.
This requirement often produces unremarkable research.

The institutional costs of sponsoring and publishing even
marginal research can be substantial. Such support may
include costs for laboratory tests, clinical supplies, statistical
consultations, and so on, as well as hidden costs, such as
those for medical records management, institutional review
board hearings, departmental oversight, and project account-
ing. Manuscript preparation may include costs for secretarial
time, library services, medical illustrations, and manuscript
editing. Few would argue that costly, unremarkable research
is a good investment for the institution, especially when
published in third- or fourth-tier journals.

CHARACTERISTICS OF SYSTEMATIC REVIEWS

A systematic review of the literature is a systematic, orga-
nized, and structured evaluation of a problem using informa-
tion from a number of independent studies of the problem.
These characteristics make systematic reviews different from
traditional “narrative” review articles (see below). In addi-
tion, systematic reviews are the product of a specific research
methodology. Therefore, they teach many of the same prin-
ciples of scientific inquiry and involve similar design and
execution issues as other research methods.

Systematic reviews differ from the more common narrative
reviews in several important ways. In a narrative review of
the literature, an “expert” selects the articles deemed to be
most important, comes to some conclusions about the prob-
lem based on these articles (as well as on his or her own
experience), and summarizes his or her understanding of the
issues in a review article. Thus, a narrative review is neither

systematic nor reproducible; different experts may cite dif-
ferent evidence for different reasons and reach different
conclusions.

In a systematic review, the articles to be reviewed are
identified from a systematic and comprehensive search of the
literature and are selected according to criteria set in advance
of the study. Data are then systematically abstracted from the
reviewed articles, compiled into evidence tables, and then
interpreted in the context of all relevant studies. In some
circumstances, numerical results can be pooled statistically in
a meta-analysis to aid interpretation. A systematic review is
a distinct, reproducible research method that involves the
same types of scientific effort required of all medical research
methods.

ADVANTAGES OF SYSTEMATIC REVIEWS

Research in general follows several common steps. Here, |
detail how systematic reviews follow these steps and indicate
the lessons learned from completing each step. Where pos-
sible, I also describe the unique advantages of systematic
reviews over original research. The purpose of this section is
not to teach how to conduct a systematic review (for infor-
mation on that process, see the bibliography at the end of
this article), but rather to make the case that they can
be—and indeed must be—conducted as rigorously as is any
other type of research.

1. Become interested in a biological or human problem. Such
interest is what draws people to medical science in the
first place. The advantage of a systematic review is that
the problem can truly be one of interest to the trainee
and to the field of medicine and not simply one that
can be studied under given time and resource con-
straints.

2. Learn what is known about the problem. This step is
completed more thoroughly in a systematic review than
in the traditional review of the literature that should
precede every research project. In fact, the purpose of a
systematic review is to quantify and summarize every-
thing that is known about a specific topic. A unique
advantage of systematic reviews is that those who
complete them become highly knowledgeable about
the topics involved. Such knowledge includes the na-
ture and scope of the problem; the theoretical ap-
proaches, research designs, analytical methods, and
endpoints most often used to address the problem; and
the authors, institutions, and journals most concerned
with the problem.

3. Formulate a research question about the problem. System-
atic reviews, like other research methods, require a
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testable hypothesis or a focused research question. The
scope and even the feasibility of the review depend on
the specific hypothesis or question posed. The differ-
ence is that the scope and feasibility of a systematic
review can often be assessed with a single literature
search, whereas many of the problems in observational
or interventional studies may not be apparent until
long after the study has begun. For example, a literature
search for studies of pet ownership and mental illness
would indicate whether there were enough published
articles on this topic to conduct a systematic review. In
contrast, the effort of directly determining pet owner-
ship among psychiatric patients and matched controls
could be considerable, and the feasibility of the study
would be not be known until after pet ownership had
been determined.

Another advantage of systematic reviews in medical
education is that the scope of the research question can
be adjusted to fit the learning situation. If the literature
on the question is vast, the question can be narrowed or
the number of trainees conducting the review can be
expanded. After all, research, even a systematic review,
is usually collaborative. If the literature on the question
is limited, the review can either be completed more
quickly or the question can be broadened.

. Design an experiment to test one or more possible answers
to the question. Like other good research methods,
systematic reviews begin with a clear statement of the
relationship to be studied. The scope and feasibility of
the proposed review can be determined by exploratory
literature searches.

Identify explanatory and response variables. One lesson
learned in many systematic reviews is that literature on
a given topic reflects a variety of different explanatory
and response variables. This variety can make compar-
ing studies difficult. It should also encourage trainees to
include standard explanatory and response variables
should they ever conduct their own, original research.

Choose an experimental design. Systematic reviews, by
definition, are observational studies, even though the
studies they include may include case—control, survey,
cohort, or randomized trials. The review should follow
a written protocol prepared before the study is begun,
and, as in any research design, systematic reviews re-
quire guarding against bias and potential confounding.

Implement safeguards against bias. Systematic reviews
are subject to a number of biases that need to be
minimized. Publication bias refers to the fact that posi-
tive studies are more often found in the literature than
are negative or inconclusive studies. Selection bias can
occur when two or more trainees identify different
articles to be retrieved for evaluation or to be included

in the review. Measurement bias can also occur if train-
ees abstract different values for the same variables from
the same article.

Control for confounding. As in other research designs,
data on potentially confounding variables must be col-
lected from the articles reviewed so that confounding
can be identified or minimized in the analysis. A typical
lesson of systematic reviews is to illustrate how often
the studies reviewed do not report data on potentially
confounding variables.

. Select a sample to study. As in any research, sample

selection is critical to the quality of a systematic review.
The search strategies employed to identify articles are a
part of the methodology of the review. Variables may
include publication type (case—control studies; ran-
domized trials); dates of publication; language of pub-
lication; and populations, interventions, or endpoints
of the studies.

In addition, many systematic reviews are restricted to
studies with certain methodological characteristics. For
example, a review might include only randomized,
placebo-controlled trials enrolling at least 100 patients
and having a follow-up period of six months.

. Collect the data needed to answer the question. When

trainees begin abstracting information from published
articles, they learn quickly how poorly studies are re-
ported in the literature.” Trainees will almost certainly
learn that titles and abstracts don’t always indicate
what the article is about. They will encounter studies
that do not report the desired information or do not
report it in a form easily compared to that in other
studies. They may have to calculate “effect sizes” to
compare dissimilar units of analysis or to create other

ways to compare outcomes.4

. Analyze and interpret the data, perhaps statistically. Com-

piling abstracted data into one or more evidence tables
teaches record-keeping and data-management skills.
Once the data are organized into tables, they can be
interpreted in the context of other data from similar
studies, providing a more evidence-based form of inter-
pretation than is possible in traditional narrative re-
views.

Under some circumstances, the numerical results of the
individual studies can be pooled statistically in a meta-
analysis to help interpret the results. Meta-analyses
require competent statistical support, which, as in all
research, should be sought before the research is
planned in detail. The contributions of statisticians to
research design are as important as their expertise in
analyzing data.

In most systematic reviews, the authors also grade the
quality of the evidence in the review. Whether this
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grading is done on the basis of the “hierarchy of
evidence,” quality scales, or more general assessments,
trainees will have to consider the methodological qual-
ity of the articles they review. Indeed, one of the early
findings of the evidence-based medicine movement was
that large numbers of even randomized trials were so
flawed or poorly reported that they could not be in-
cluded in meta-analyses.*

8. Derive conclusions on the basis of the data. One of the
reasons the discussion is the weakest part of the scien-
tific article is that the research question was not par-
ticularly important to begin with. Systematic reviews
are valuable educational exercises in part because even
trainees can ask—and answer—important clinical
questions. The processes of analyzing and interpreting
data must be as rigorous as in any other type of research,
but putting the results in context is easier when they
have real meaning.

9. Publish the results of the study. The final stage of any
form of research is publication. By the time trainees
have completed their review, they may have read in
great detail dozens of articles and have dealt with the
problems of data abstraction. They learn through frus-
tration the problems created by lack of clarity in writ-
ing, poor data displays, and incomplete reporting. One
hopes that they will not commit the same errors in
reporting that they encountered in their review. Re-
porting guidelines are available to help trainees prepare
their manuscript for publication.’”

Di1sADVANTAGES OF SYSTEMATIC REVIEWS

The essential element in conducting a systematic review is
ready access to the literature. Without the ability to identify
and retrieve articles of potential interest, systematic reviews
cannot be conducted. Thus, the ability to search at least the
standard online databases (such as Medline, EmBase, Insti-
tute for Scientific Information) is a necessity, as is access to
the articles in bound journal volumes. Although online
access to full-text articles is improving, the number of articles
and the dates for which they are available may not yet be
sufficient for conducting systematic reviews entirely online.
Depending on the scope of the review, systematic reviews
can incur access and duplication costs. In one typical sys-
tematic review, the literature search identified 2,863 articles
of potential interest, and 458 articles were selected for
retrieval on the basis of titles or abstracts. These 458 articles
had to be located on the library shelves and duplicated or
acquired through interlibrary loan, even though only 42
ended up meeting the eligibility criteria for the review.®

A third possible disadvantage of conducting systematic
reviews is that the pertinent research may be published in a
foreign language. Although much medical research is pub-
lished in English, much is also published in other languages.
Limited English-reading ability or, for native English speak-
ers, reading ability limited to English, can restrict the pool of
articles that can be reviewed. Simply learning that many
promising articles are published in a certain language, how-
ever, may be important and new information.

A last possible disadvantage is that systematic reviews are
not clinical research. They involve no patient contact, no
collection of clinical data, and none of the problems that can
arise in clinical research (limited sample size, violated pro-
tocols, loss of blinding to group assignment, patients lost to
follow-up, and so on). Neither do they involve the trainee
with the issues of institutional review board approval, animal
welfare, or informed consent. However, for students not
planning careers in clinical research, the absence of these
issues may be another advantage of systematic reviews. Those
choosing clinical practice will have a much better idea of
how to read and assess the literature after conducting a
systematic review.

SummMmING Up

Systematic reviews offer distinct advantages over archival or
clinical research assignments in postgraduate education, es-
pecially for trainees choosing careers in clinical practice as
opposed to research. Systematic reviews should thus be
acceptable in postgraduate training programs as an alterna-
tive to archival or clinical research.
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Cowver Note

THE COLLEGE OF MEDICINE AT THE UNIVERSITY OF ARKANSAS FOR MEDICAL SCIENCES

The College of Medicine at the University of Arkansas for Medical Sciences (UAMS) is celebrating its 125th
anniversary this year. The college had a very humble beginning in 1879 as a tiny outpost of the seven-year-old
Arkansas Industrial University (later to become the University of Arkansas). The main university campus was located
in Fayetteville and the medical school occupied a former hotel in downtown Little Rock. Eight local physicians
invested $625 each to secure a charter, and purchased the first facilities that opened October 7, 1879 with 80 students.
The college would have several locations, including the original Arkansas state capitol on the banks of the Arkansas
River—a stately but decrepit building it would occupy for ten years before moving into the local municipal hospital.

Today, the College of Medicine is part of the sprawling UAMS campus located in west Little Rock, which is
composed of a comprehensive medical center, six colleges, and several centers of excellence and institutes, including
the Myeloma Institute for Research and Therapy, the Arkansas Cancer Research Center, the Harvey and Bernice
Jones Eye Institute, the Donald W. Reynolds Center on Aging, and the Jackson T. Stephens Spine and Neurosciences
Institute. Last year, Little Rock philanthropist Jackson T. Stephens made a $48 million gift, one of the largest
charitable donations in Arkansas history, to create the Jackson T. Stephens Spine and Neurosciences Institute.

Central Arkansas Veterans Healthcare System, one of the largest VA hospitals in the nation, and Arkansas
Children’s Hospital, the sixth-largest children’s hospital in the nation, are affiliates of UAMS, with adjacent and
nearby facilities.

The college has 25 departments and has graduated over 7,007 physicians in its history. As a medical college in a
largely rural state, UAMS and the College of Medicine have fostered one of the nation’s best networks of Area Health
Education Centers. The college continues to make rural practice and research on rural health problems, including
health insurance access, a high priority. In addition, the college has major clinical and research programs in
Alzheimer’s disease, osteoporosis, drug addiction research and prevention, renal disease, skull base and head and neck
surgery, and programs in hearing and balance, pediatric cardiothoracic surgery, and more.

For more information about UAMS, please visit (http://www.uams.edu).

PAM LEIDERMANN

Director of Communications
Special Assistant to the Dean
College of Medicine

UAMS

1072

ACADEMIC MEDICINE, VoL. 79, No. 11 /NOVEMBER 2004



