
Copyright © 2005, Mosby, Inc. All Rights Reserved. Portions copyright © 2002, American Medical Association. All Rights Reserved.

9

137

Summarizing the Evidence
Through Systematic Reviews

Donna Ciliska, Alba DiCenso, and Gordon Guyatt

The following Editorial Board members also made substantive contributions to this
chapter: Carole Estabrooks, Sarah Hayward, Andrew Jull, Susan Marks, 
and Janet Pinelli.

We gratefully acknowledge the work of Andrew Oxman, Deborah Cook, and Victor
Montori on the original chapter that appears in the Users’ Guides to the Medical
Literature, edited by Guyatt and Rennie.

Finding the Evidence

What is a Systematic Review?

Are the Results Valid?
Did the Review Explicitly Address a Sensible Clinical Question?
Was the Search for Relevant Studies Detailed and Exhaustive?
Were the Primary Studies of High Methodological Quality?
Were Assessments of Studies Reproducible?

What Are the Results?
Were the Results Similar From Study to Study?
What Were the Overall Results of the Review?
How Precise Were the Results?

How Can I Apply the Results to Patient Care?
How Can I Best Interpret the Results to Apply Them to Patient Care?
Were All Patient-Important Outcomes Considered?
Are the Benefits Worth the Costs and Potential Risks?

In This Chapter



Copyright © 2005, Mosby, Inc. All Rights Reserved. Portions copyright © 2002, American Medical Association. All Rights Reserved.

138 Part I The Basics: Using the Nursing Literature

FINDING THE EVIDENCE

Having recently read an article showing that Cochrane reviews are higher in quality
than systematic reviews published in journals,1 you begin by looking in the Cochrane
Library. You enter the terms “incontinence” and “muscle training,” locate a relevant
review by Hay-Smith and colleagues in the Cochrane Database of Systematic Reviews,
and find that the latest update was in November 2000.2

WHAT IS A SYSTEMATIC REVIEW?

Basing clinical decisions on a single research study can be a mistake. Individual studies
may have inadequate sample sizes to detect patient-important differences3 between
comparison groups (leading to false-negative results); the results of apparently similar
studies may vary because of chance; and subtle differences in the design of studies and
the participants may lead to different or even discrepant findings. Whenever possible,
nurses should base their clinical decisions on a recent, high-quality systematic review.
A systematic review is a rigorous summary of all the research evidence that relates to a
specific question, be it a question about harm, diagnosis, prognosis, or the effectiveness
of health care interventions.

How does a systematic review differ from a traditional literature review? Traditional
literature reviews, commonly found in journals and textbooks, typically provide an
overview of a disease or condition. Such overviews may provide a discussion of one or
more aspects of a particular health issue, including causation, diagnosis, prognosis, and
nursing management, and may address various clinical, background, and theoretical
questions. For example, a review article or a chapter from a textbook on asthma may
include sections on causation, assessment, and prognosis and may examine many different
options for the prevention and management of asthma. Typically, authors of traditional
reviews make little or no attempt to be systematic in the formulation of questions, the

Clinical Scenario

Should Women With Stress Incontinence Be Taught
Pelvic-Floor Muscle Exercises?

You are a nurse working in a primary care clinic. Several times per week you meet
women who have symptoms of stress urinary incontinence. You think there may be
some benefit in teaching pelvic-floor exercises to help alleviate these symptoms, but
some of your colleagues disagree. The clinic has no policy on the topic. During a clinical
staff meeting, you ask whether anyone is interested in developing a clinic policy on
interventions for stress urinary incontinence. Two colleagues offer to help you. At the
first meeting, you decide to begin by looking for a recent systematic review. You know
that systematic reviews are a good place to start because they summarize existing
relevant research.
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search for relevant evidence, or the summary of the evidence. Nursing students and
practicing nurses looking for background information often find these reviews useful for
obtaining a broad picture of a clinical condition or area of inquiry (see Chapter 2, Finding
the Evidence). Unfortunately, authors of traditional reviews often make conflicting
practice recommendations, and their advice frequently lags behind or is inconsistent
with the best available evidence.4 One important reason for this phenomenon is the use
of unsystematic approaches to collect and summarize evidence. Indeed, a study by
Oxman and Guyatt showed that self-rated expertise was inversely related to the meth-
odological rigor of a review; that is, as the author’s rating of his or her own expertise
increased, the rigor of the review methods decreased.5

Systematic reviews differ from unsystematic reviews in that they attempt to overcome
possible biases at all stages by following a rigorous methodology. Investigators must
make several decisions when preparing a systematic review: formulating the question;
identifying, selecting, and critically appraising relevant studies; abstracting and synthe-
sizing (either quantitatively or nonquantitatively) relevant study findings; and drawing
conclusions. Table 9-1 outlines the general process for conducting a systematic review.
In the first step, the question is formulated through the specification of the population,
intervention or exposure, and outcomes of interest (see Chapter 2, Finding the
Evidence). Once the question is formulated, the next step is to specify the minimum
methodological standards that studies must meet to be included in the review. Next, any
restrictions for study inclusion are specified. These restrictions include language (e.g.,
studies reported in English only), time frame (e.g., studies conducted since 1980), and
publication status (e.g., only published studies). For example, a systematic review of sex
education may specify the population as adolescents, the intervention as sex education,
the outcome as avoidance of adolescent pregnancy, the minimum methodological
standard as randomized controlled trials (RCTs), the language as studies reported in
any language, the time frame as studies published since 1970, and the publication status
as published and unpublished studies. These selection criteria inform the search
strategy.

The next step involves a comprehensive search of multiple sources to identify all
relevant studies. This process usually yields large numbers of potentially relevant titles
and abstracts. Through application of the selection criteria to the titles and abstracts of
study reports, the review team identifies a smaller number of relevant articles for
retrieval. The selection criteria are then applied to the complete study reports. After the
selection process is completed, the team evaluates each relevant study for methodological
quality and abstracts the data. Finally, data from all relevant studies are summarized
either quantitatively or nonquantitatively. The most rigorous approach to statistically
combining the results of more than one study is called meta-analysis. This strategy effec-
tively increases the sample size and produces a more precise estimate of effect than can
be obtained from any of the individual studies included in the review.

The analysis includes an examination of differences among individual study findings
(heterogeneity), an attempt to explain these differences, and an assessment of precision
(using confidence intervals). If studies are too different from one another with respect
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to population, nature of the intervention or exposure, or outcomes, the review team can
systematically summarize (but not meta-analyze) the study findings in a nonquantitative
or narrative review.

To date, most systematic reviews have summarized quantitative studies. Recently, review
teams have summarized qualitative studies in the form of systematic reviews, often called
meta-syntheses.6 For example, Clemmens conducted a meta-synthesis of 25 qualitative
studies on the phenomenon of adolescent motherhood and found five overarching
metaphors: (1) the reality of motherhood brings hardship; (2) living in the two worlds
of adolescence and motherhood; (3) motherhood as positively transforming; (4) baby
as stabilizing influence; and (5) supportive context as turning point for the future.7

Table 9-1 The Process of Conducting a Systematic Review

Formulate the Question

• Specify:
Population
Intervention or exposure
Outcome
Methodology

• Specify inclusion and exclusion criteria.
• Determine restrictions: time frame, unpublished data, language.

Conduct Literature Search

• Decide on information sources: bibliographical databases, handsearching of
key journals, reference lists of retrieved articles, experts, personal files, funding
agencies, pharmaceutical companies, registries.

• Identify titles and abstracts.

Apply Inclusion and Exclusion Criteria

• Apply inclusion and exclusion criteria to titles and abstracts.
• Obtain full study reports for eligible titles and abstracts.
• Apply inclusion and exclusion criteria to full study reports.
• Select final eligible studies.

Abstract Data

• Assess methodological quality of studies (validity assessment).
• Abstract data from each study about participants, exposure or intervention,

study design.
• Abstract results.

Conduct Analysis

• Explore heterogeneity.
• Determine method for summarizing results.
• Combine results (if appropriate).
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A high-quality systematic review provides a comprehensive summary of research-
based knowledge on a topic, taking into account the validity of the primary studies;
however, not all systematic reviews are high quality, and appraisal of their validity before
applying their results to clinical practice is essential. As in other chapters of this book,
we use the framework of assessing the validity of the methods, interpreting the results,
and applying the results to patients (Table 9-2).

ARE THE RESULTS VALID?

Did the Review Explicitly Address a Sensible Clinical Question?

In Chapter 2, Finding the Evidence, we describe the importance of formulating an
answerable question by specifying the population, the intervention or exposure, and the
outcomes of interest. When reading a systematic review, the first step is to determine the
question the review is addressing. Have the authors of the review specified a question
that describes the population, the exposure or intervention, and the outcomes? If they
have, the next step is to determine whether the question is a sensible one. Readers need
to ask themselves whether they would expect the same effect across the range of
patients, interventions or exposures, and outcomes included in the review.

Consider a systematic review designed to summarize all studies that evaluated any
public health nursing intervention for clients of any age to determine if the interven-
tions reduced subsequent use of health services. We would reject such a systematic
review because it is too broad. Some interventions might be effective in certain age
groups or populations, whereas others might not be effective and may be harmful.
Combining the results of these studies would yield a meaningless estimate of effect that
would not be applicable to any of the interventions or clients.

Table 9-2 Users’ Guides for a Review Article

Are the Results Valid?

• Did the review explicitly address a sensible clinical question?
• Was the search for relevant studies detailed and exhaustive?
• Were the primary studies of high methodological quality?
• Were assessments of studies reproducible?

What Are the Results?

• Were the results similar from study to study?
• What were the overall results of the review?
• How precise were the results?

How Can I Apply the Results to Patient Care?

• How can I best interpret the results to apply them to patient care?
• Were all patient-important outcomes considered?
• Are the benefits worth the costs and potential risks?
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On the other hand, if a review is focused on a narrow group of study participants (e.g.,
14-year-old girls), intervention (e.g., a didactic sex education program), outcome (e.g.,
improvement in knowledge about contraception), or studies (e.g., those only in the English
language), it will limit the generalizability of the findings. What makes a systematic review
too broad or too narrow? Clinicians need to ask themselves whether factors such as under-
lying biology or behavioral responses are such that they would expect the same effect of an
intervention across the range of patients. They should ask parallel questions about the
other components of the study question. For example, do they expect more or less the same
effect across the range of interventions and outcomes? In summary, readers must deter-
mine whether it is plausible that an intervention will have a similar effect across the range
of patients, interventions, and outcomes specified in the systematic review.

Was the Search for Relevant Studies Detailed and Exhaustive?

Authors of systematic reviews should outline selection criteria (also known as inclusion
and exclusion criteria) based on a specified range of patients, exposures or interven-
tions, outcomes, and methodological considerations similar to those described for
reports of primary studies in other parts of this book (Table 9-3). They should conduct
a thorough search for studies that meet these inclusion criteria. Their search should
include the use of bibliographical databases such as CINAHL, ERIC, PsycINFO,
MEDLINE, EMBASE/Excerpta Medica, the Cochrane Central Register of Controlled

Table 9-3 Guides for Selecting Articles That Are Most Likely to
Provide Valid Results

Health Care Intervention

• Were patients randomized?
• Was follow-up complete?

Harm

• Were groups shown to be similar in all known determinants of outcome, or
were analyses adjusted for differences?

• Was follow-up sufficiently complete?

Diagnosis

• Was the diagnostic test evaluated in a spectrum of patients with a low to high
probability of having the target disorder?

• Was there a blind comparison with an independent reference (gold) standard
applied similarly to all patients?

Prognosis

• Was the sample of patients representative?
• Were the patients sufficiently homogeneous with respect to prognostic risk?
• Was follow-up sufficiently complete?
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Trials (containing more than 400,000 controlled trials), and databases of current
research.8 They should handsearch key journals in the field, check the reference lists of
the articles they retrieve, and contact experts in the area. It may also be important to
examine recently published abstracts from scientific meetings and to access less fre-
quently used databases, such as databases of doctoral theses (e.g., Dissertation Abstracts
Online) and of ongoing trials held by relevant manufacturing companies. Unless the
authors describe what they did to locate relevant studies, it is difficult to determine the
likelihood that they missed relevant studies.

The review team should contact experts in the area of interest for two reasons. The first
is to identify published studies that they may have missed (including studies that are in
press and those that have not yet been indexed or referenced). The second is to identify
unpublished studies to avoid publication bias. Publication bias occurs when the publication
of research depends on the direction of the study results and whether they are statistically
significant. Studies in which a new intervention is not found to be effective often are not
published. Because of this, systematic reviews that fail to include unpublished studies may
overestimate the true effect of an intervention9-13 (see Chapter 23, Publication Bias).

Were the Primary Studies of High Methodological Quality?

Even if a systematic review includes only RCTs, it is important to know whether the stud-
ies were of good quality because peer review does not guarantee the validity of published
research (see Chapter 4, Health Care Interventions).14 For the same reasons that the guides
for reviewing individual research studies begin by asking whether the results are valid, it
is essential to consider the validity of the primary studies included in systematic reviews.

Differences in study methods may explain important differences in results.15-17 For
example, less rigorous studies tend to overestimate the effectiveness of therapeutic and
preventive interventions.18 Even if the results of different studies are consistent, deter-
mining their validity remains important. Consistent results are less compelling if they
come from methodologically weak rather than strong studies. A systematic review of
adolescent pregnancy prevention identified 13 RCTs and 17 observational studies.19

When estimates of the effect of the interventions were computed for both types of stud-
ies, the summary odds ratios for the observational studies showed a significant inter-
vention benefit, whereas the RCTs found no benefit for any outcome in either boys or girls.

There is no single correct way to assess the quality of studies, although in the context
of a systematic review, the focus should be on the consistent use of criteria to evaluate
study methods. Quality rating scales are sometimes used; however, summing quality
ratings into an overall score can be problematic. Rather than using a summary score, the
review team can assess relevant methodological aspects individually and explore their
influence on the effect size.20,21 Some investigators use long checklists to evaluate
methodological quality, whereas others focus on three or four key criteria. If there are
many studies to consider, the authors of the review may decide to apply a quality rating
threshold for inclusion of studies in the review. When considering whether to trust the
results of a review, check to see whether the authors used criteria similar to those we
have presented in other sections of this book (see Chapter 4, Health Care Interventions;
Chapter 5, Harm; Chapter 6, Diagnosis; and Chapter 7, Prognosis). Authors of systematic
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reviews should apply these criteria when selecting studies for inclusion and assessing the
validity of the included studies (see Tables 9-1, 9-3).

Were Assessments of Studies Reproducible?

As we have seen, authors of systematic reviews must decide which studies to include,
how valid they are, and which data to abstract. These decisions require judgment by the
reviewers and are subject to mistakes (i.e., random errors) and bias (i.e., systematic
errors). Having two or more people participate in each decision guards against errors; if
there is good agreement beyond chance between reviewers and if they incorporate a
strategy for dealing with discrepancies, readers can have more confidence in the results
of the systematic review (see Chapter 30, Measuring Agreement Beyond Chance).

Using the Guide

Hay-Smith and colleagues specified their question as follows: what are the effects of
pelvic-floor muscle training in the management of female urinary (stress, mixed, urge)
incontinence?2 They described the participants as adult women with stress, mixed, or
urge urinary incontinence diagnosed on the basis of symptoms or urodynamic evalu-
ation. They excluded women with nocturnal enuresis or urinary incontinence associ-
ated with factors outside the urinary tract, such as neurological disorders or cognitive
impairment. They described the intervention as a pelvic-floor muscle training program
designed to ameliorate symptoms of existing urine leakage and excluded studies that
evaluated programs for primary prevention of urinary incontinence. Pelvic-floor
muscle training was defined as a program of repeated voluntary pelvic-floor muscle
contractions taught by a health care professional. They specified the following out-
come measures: women’s observations (e.g., symptom scores, perception of
cure/improvement, satisfaction with outcome); quantification of symptoms (e.g.,
number of leakage episodes, pad tests); clinicians’ measures (e.g., measures of pelvic-
floor muscle activity, such as perineometry and palpation); quality of life (e.g., general
and specific quality of life measures and psychosocial measures); socioeconomics
(e.g., direct and indirect costs of interventions, resource implications, formal eco-
nomic analysis); and other (e.g., adverse events, compliance, incontinence at long-
term follow-up). Their methodological inclusion criteria limited the review to RCTs,
excluding quasi-randomized and other nonrandomized controlled clinical trials.
Their selection criteria also specified no restrictions on language of publication
or publication status (i.e., published or unpublished). In summary, the authors
addressed a sensible clinical question and formulated appropriate selection criteria.

The authors searched the Cochrane Incontinence Group Trials Register, the
Cochrane Rehabilitation and Related Therapies Field database, MEDLINE,
EMBASE/Excerpta Medica, the Dutch National Institute of Allied Health Professions
database, and the Physiotherapy Index. In addition, they searched the proceedings of
the International Continence Society, handsearched selected physical therapy jour-
nals, contacted experts in the field, and checked reference lists of relevant articles.
Given this comprehensive search, it is unlikely that the authors missed relevant RCTs.
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WHAT ARE THE RESULTS?

Were the Results Similar From Study to Study?

The decision about whether the results of individual studies should be combined statis-
tically in a meta-analysis rests on the degree of similarity among the results of the
individual studies. In other words, were results similar across studies? The authors of a
review should present the results in a way that allows clinicians to check the similarity
in findings across studies. The more results differ from study to study, the more one
should question the decision to combine the results of studies.

If there appear to be differences among study results, readers need to ask whether
these are true differences or whether they are due to chance. There are two ways to deter-
mine whether the differences among the results of individual studies are greater than
one would expect by chance. First, readers can make an initial assessment by examining
the extent to which the confidence intervals of the individual studies overlap.
The greater the overlap is, the more comfortable one can be with combining results.
Widely separated confidence intervals flag the presence of important variability in results
that requires explanation (see Chapter 24, Evaluating Differences in Study Results).

Second, authors of reviews can conduct statistical analyses called tests of heterogeneity to
assess the degree of difference among study findings. These tests (often chi-square tests)
determine the extent to which differences between the results of individual studies are
greater than one would expect if all studies were measuring the same underlying effect and
the observed differences were only due to chance. The more significant the test of hetero-
geneity (e.g., P < 0.05), the less likely that the observed differences were due to chance alone
(see Chapter 28, Hypothesis Testing). Unfortunately, higher P values (P = 0.1, or even 0.3)

Using the Guide—cont’d

Of the 43 trials that met the selection criteria, 31 RCTs included only women with
stress incontinence, and 12 included women with a range of symptoms or urodynamic
diagnoses. Only seven trials had adequate allocation concealment, and nine trials used
outcome assessors who were blinded to group allocation. Thirteen trials reported no
losses to follow-up, seven trials had loss to follow-up rates less than 10%, and the
remaining trials had loss to follow-up rates of 12% to 41%. Only five trials clearly
reported some or all of their analyses on the basis of intention to treat. In an intention-
to-treat analysis, outcomes are analyzed based on the group to which patients were
randomized regardless of whether they actually received the planned intervention.
(see Chapter 15, The Principle of Intention to Treat).

Two of the review’s authors independently decided whether potentially eligible
trials met inclusion criteria, assessed trials for methodological quality, and extracted
data. Disagreements were resolved through discussion.

The methods of the systematic review were strong. However, the methodological
quality of the primary studies included in the review was variable. Many studies failed
to conceal allocation, blind outcome assessors to group allocation, and minimize loss
to follow-up.
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do not necessarily rule out important heterogeneity. The reason is that the test of het-
erogeneity is not very powerful when the number of studies and their sample sizes are both
small. Hence, large differences in the apparent magnitude of effects among studies (i.e., the
point estimates) dictate caution in interpreting the overall findings, even in the presence of
a nonsignificant test of heterogeneity. Conversely, if the differences in results across studies
are not clinically important, then heterogeneity is of little concern, even if it is statistically
significant (see Chapter 24, Evaluating Differences in Study Results).

Authors of reviews should try to explain between-study differences in findings.
Possible explanations include differences among patients (e.g., pelvic-floor muscle training
may be more effective in women who are younger rather than older or in those with
stress rather than urge incontinence), interventions (e.g., pelvic-floor muscle training
alone or combined with behavioral interventions), outcome measurements (self-
reported “improvement” versus “cure”), timing of measurement (e.g., different effects if
the outcome is measured at 30 days rather than at 1 year after pelvic-floor muscle training),
or study methods (e.g., smaller effects in trials with blinded outcome assessors or those
with more complete follow-up). Although appropriate and necessary, this search for
explanations of heterogeneity in study results may be misleading (see Chapter 16, When
to Believe a Subgroup Analysis). Furthermore, how can readers deal with the residual
heterogeneity in study results that remains unexplained? We deal with this issue in our
discussion of the applicability of the results of systematic reviews.

What Were the Overall Results of the Review?

In clinical studies, investigators collect data from individual patients. Because of the limited
capacity of the human mind to handle large amounts of information, investigators use
statistical methods to summarize and analyze data. In systematic reviews, investigators
collect data from individual studies. Investigators must also summarize these data, and
increasingly, they rely on quantitative methods to do so.

Simply comparing the number of positive studies with the number of negative studies
is not an adequate way to summarize the results. With this sort of “vote counting,” large
and small studies are given equal weight, and (unlikely as it may seem) one investigator
may interpret a study result as positive, whereas another may interpret the same study
result as negative.22 For example, a clinically important effect that is not statistically
significant could be interpreted as positive in light of clinical importance and negative
in light of statistical significance. There is a tendency to overlook small, but important,
effects if studies with statistically nonsignificant (but potentially clinically important)
results are counted as negative.23 Moreover, readers cannot tell anything about the mag-
nitude of an effect from a vote count even if studies are appropriately classified using
additional categories for study results with positive or negative trends.

Typically, meta-analysts weight studies according to their size, such that larger studies
receive more weight. Thus, the overall results represent a weighted average of the results
of the individual studies. Occasionally, studies are also given more or less weight
depending on their quality, or poorer-quality studies are given a weight of zero
(excluded) in the primary analysis or in a secondary analysis that tests the extent to
which different assumptions lead to different results (a sensitivity analysis).
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Different statistical approaches can be used in meta-analysis.24 Fixed-effects models are
usually used when no significant heterogeneity exists among studies. The goal of this model
is to provide the best estimate of the treatment effect in the studies that are part of the
analysis.25 The error term for a fixed-effects model comes only from within-study variation
(study variance), and the model ignores between-study variation or heterogeneity. The goal
of the random-effects model is to provide the best estimate of treatment effect in a hypo-
thetical set of all possible studies of the relevant question, and assumes the available stud-
ies are a random sample of those studies. The calculation of the summary statistic (e.g.,
relative risk or odds ratio) in the random-effects model incorporates both within-study and
between-study variation26 (see Chapter 25, Fixed-Effects and Random-Effects Models).

Readers should look at the overall results of a systematic review in the same way they
look at the results of primary studies. In a systematic review of the effects of a health care
intervention, they should look for the summary relative risk and relative risk reduction or
the summary odds ratio (see Chapter 27, Measures of Association). In systematic reviews
of a diagnostic test, readers should look for summary estimates of likelihood ratios (see
Chapter 6, Diagnosis).

Figure 9-1 is a graphical display summarizing the results of a meta-analysis of studies
evaluating the efficacy of probiotics for prevention of antibiotic-associated diarrhea.27

It is useful to learn how to interpret these figures as they can convey a large amount of
information at a glance. First, focus on the far left column. Looking down, readers will
see a row for each of the nine studies included in this comparison, referenced by the
name of the first author. The dark square that corresponds to each row represents the
odds ratio for that study, and the horizontal line extending from both sides of the square
represents the 95% confidence interval around that odds ratio. The larger is the square,
the larger is the study sample size. The vertical solid line represents an odds ratio of 1.0
indicating no difference between the treatment and control groups in the proportion of
patients with antibiotic-associated diarrhea. When the square representing the odds
ratio for an individual study appears to the left of the vertical line, it favors treatment,
indicating that there were fewer patients with antibiotic-associated diarrhea in the pro-
biotics group (e.g., first study by Surawicz28). When the square representing the odds
ratio for an individual study appears to the right of the vertical line, it favors the con-
trol, indicating that there were fewer patients with antibiotic-associated diarrhea in the
control group (e.g., third study by Lewis29). When the confidence interval around the
odds ratio crosses over the solid vertical line representing an odds ratio of 1.0, it signi-
fies that the findings of that study were not significant (e.g., third study by Lewis29).
When the confidence interval does not cross over the vertical line, it signifies that the
findings of that study were significant (e.g., first study by Surawicz28). The width of the
confidence interval line reflects the size of the study. The larger is the study, the shorter
is the line (representing a more narrow confidence interval).

Readers can get an overall sense of the heterogeneity of the study results simply by
looking at how the lines are scattered. Ideally, all estimates of the odds ratio will be on the
same side of the solid vertical line, and all confidence intervals will overlap. In Figure 9-1,
one of the odds ratios appears on the right side of the solid vertical line (study by Lewis),
and although all of the confidence intervals overlap, two appear to the left of the solid
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vertical line (studies by Adam and Vanderhoof) and barely overlap with the confidence
interval around the odds ratio on the right of the line (study by Lewis). The authors of the
review performed a test of heterogeneity (sometimes called a test of homogeneity), which
was not significant (P = 0.2), indicating that one cannot reject the hypothesis that the true
underlying odds ratio was the same across studies, and the observed differences between
study findings could be due to chance.27 Because this test was not significant, the authors
decided to combine the data using a fixed-effects method. Despite the nonsignificant test
for heterogeneity (which may have resulted from the small number of studies in the analy-
sis) and given the barely overlapping confidence intervals, readers would want to scruti-
nize this systematic review for possible variations in the patient population, intervention,
outcomes, and study methods that might explain differences in individual study findings.

Continuing toward the right of the figure, the odds ratios and 95% confidence intervals
are provided for each study, and the weight given to each study in the analysis is specified
as a percent, with larger studies given more weight. At the bottom of the figure is the
overall summary statistic depicted as a diamond encompassing the 95% confidence
interval. The edges of the diamond do not cross or touch the vertical line, which indicates
a statistically significant difference in favor of probiotics.

As noted earlier, when outcomes are dichotomous (e.g., alive or dead, diarrhea or no
diarrhea), meta-analyses generally report relative risks or odds ratios as the summary sta-
tistic. When the outcomes are continuous (e.g., blood pressure, blood glucose, or weight),
the calculation is a mean difference or mean effect size. When mean difference or other con-
tinuous measures are reported, the vertical line of no difference represents 0 rather than 1.

Sometimes, the outcome measures used in different studies are similar but not iden-
tical. For example, different trials may measure health-related quality of life using

Odds ratio Odds ratio
(95% Cl)

Weight
(%)

Study

10.01 10
Favors

treatment
Favors
control

Surawicz
McFarland
Lewis
Adam
Tankanow
Vanderhoof
Orrhage
Wunderlich
Gotz

Overall

0.37 (0.16 to 0.88)
0.46 (0.18 to 1.18)
1.67 (0.47 to 5.89)
0.22 (0.10 to 0.48)
0.88 (0.22 to 3.52)
0.23 (0.09 to 0.56)
0.58 (0.07 to 4.56)
0.25 (0.05 to 1.43)
0.34 (0.09 to 1.38)

0.37 (0.26 to 0.52)

15.1
12.1
  3.5
29.9
  3.9
21.2
  2.2
  5.2
  7.0

Figure 9-1. Meta-analysis of probiotics vs control in preventing antibiotic-
associated diarrhea. (Modified and reproduced with permission of the BMJ Publishing

Group from D’Souza AL, Rajkumar C, Cooke J, Bulpitt CJ. Probiotics in prevention of antibi-

otic associated diarrhoea: meta-analysis. BMJ. 2002;324:1361-1366.)
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different instruments. If the patients and the interventions are reasonably similar,
estimating the average effect of the intervention on quality of life still may be
worthwhile. One way of doing this is to summarize the results of each study as an effect
size.30 The effect size is the difference in outcomes between the intervention and control
groups divided by the standard deviation. The effect size summarizes the results of each
study in terms of the number of standard deviations of difference between the inter-
vention group and the control group. Investigators can then calculate a weighted average
of effect sizes from studies that measured a given outcome in different ways.

Readers may find it difficult to interpret the importance of an effect size for patients.
For example, is a weighted average effect of one half of a standard deviation clinically
trivial or large? Once again, one should look for a presentation of the results that conveys
their practical importance (e.g., by translating the summary effect size back into natural
units).31 For instance, clinicians may be familiar with the importance of differences in
walk test scores in patients with chronic lung disease. Investigators can convert the effect
size of an intervention on certain measures of functional status (e.g., the walk test and
stair climbing) back into differences in walk test scores.32

How Precise Were the Results?

Just as with single studies, the true effect in a meta-analysis can never be known.
Confidence intervals around the point estimate tell us about the neighborhood within
which the true effect likely lies. The confidence interval around the summary statistic is
almost always more narrow than the confidence intervals around the point estimates of
any of the individual studies because the analysis in effect creates one study with a large
sample size and therefore, a more precise estimate of effect.

In Figure 9-1, the overall summary odds ratio is 0.37 and the 95% confidence interval
is 0.26 to 0.52. Put into words, this means that the risk of developing antibiotic-associated
diarrhea is reduced by 37% in patients who take probiotics. The confidence interval
indicates that there is a 95% chance that the true risk reduction lies somewhere between
26% and 52%. Given this positive finding, the lower boundary of the confidence interval
helps inform decision making. If clinicians consider reducing the risk of developing
antibiotic-associated diarrhea by as little as 26%, the minimum plausible effect, to be a
worthwhile benefit (i.e., clinically important), they are likely to be comfortable recom-
mending the use of probiotics (see Chapter 29, Confidence Intervals).

Using the Guide

In the review by Hay-Smith et al,2 seven of 43 trials compared pelvic-floor muscle training
with no treatment. Three trials included women with genuine stress incontinence only;
one trial included women with a urodynamic diagnosis of genuine stress or mixed incon-
tinence, and three trials included women with symptoms of urine leakage. Two trials of
women with genuine stress incontinence or mixed incontinence measured self-reported
cure. In the pelvic-floor muscle training group, 16.7% of women self-reported cure com-
pared with 1.9% in the no-treatment group. Results were consistent across studies. Meta-
analysis was conducted using a fixed-effects model and resulted in a summary relative  

Continued
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HOW CAN I APPLY THE RESULTS TO PATIENT CARE?

How Can I Best Interpret the Results to Apply Them to Patient Care?

Even if the true underlying effect is identical in each of several studies, chance will
ensure that the observed results differ (see Chapter 26, Bias and Random Error). As a
result, systematic reviews risk capitalizing on the play of chance. Perhaps studies of older
patients, by chance, had smaller treatment effects. Reviewers may erroneously conclude
that a treatment is less effective in elderly patients. The greater the number of subgroup
analyses conducted, the greater is the risk of a chance finding.

Clinicians can apply certain criteria to distinguish between subgroup analyses that
are credible and those that are not (see Chapter 16, When to Believe a Subgroup
Analysis). A hypothesized difference in subgroups is more credible if (1) conclusions are
based on within-study rather than between-study comparisons; (2) a large difference in
treatment effect exists across subgroups; (3) there is a highly statistically significant
difference in treatment effect (e.g., the lower the P value when comparing different
effect sizes in subgroups, the more credible the difference); (4) a hypothesis was made
before the study began and was one of only a few hypotheses tested; (5) consistency was
found across studies; and (6) indirect evidence supported the difference (e.g., biologic

Using the Guide—cont’d

risk (RR) of 7.3 and a 95% confidence interval (CI) of 2.0 to 26.5. The wide confidence
interval reflects a lack of precision resulting from the inclusion of a small number of small
trials.

Combined data from three trials demonstrated a significant reduction in leakage
episodes over 24 hours for women who received pelvic-floor muscle training compared
with no treatment (weighted mean difference −1.3; 95% CI −1.6 to −0.9); however, statis-
tically significant heterogeneity was observed (P = .0059), which the authors attributed to
variations in study quality and provision of an intervention to the control group.

The authors did not combine data on the pad test, clinicians’ measures, and qual-
ity of life. A variety of pad tests in three trials consistently found a greater reduction
in leakage in women who had pelvic-floor muscle training. Of the three trials in which
clinicians measured pelvic-floor muscle activity, two trials reported greater improve-
ment in the pelvic-floor muscle measures after training. Only one trial examined
quality of life and found that women in the pelvic-floor muscle activity group had sig-
nificant improvements on a Social Activity Index (P < 0.01) compared with the no-
treatment group. None of the trials included an economic analysis. Two trials reported
adverse events associated with pelvic-floor muscle training (e.g., pain with contrac-
tions), and these were reversible.

Combined data from three trials showed that women who received “intensive”
pelvic-floor muscle training were more likely to report cure than those who received
“standard” pelvic-floor muscle training (38% vs 25%; summary RR, 1.47; 95% CI 1.17
to 1.84). There was no significant heterogeneity across trials.

The authors concluded that although larger, higher-quality studies are needed,
some evidence supports a recommendation to offer pelvic-floor muscle training as a
first-line conservative treatment for women with stress or mixed incontinence.
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plausibility). If these criteria are not met, the results of a subgroup analysis are less likely
to be trustworthy, and it may be more appropriate to assume that the overall effect
across all patients and all interventions, rather than the subgroup effect, applies to the
patient at hand and to the treatment under consideration.

What if subgroup analyses fail to provide an adequate explanation for unexplained het-
erogeneity in study results? Although several reasonable alternatives exist, including ignor-
ing the combined results, we suggest that clinicians consider a summary measure from all of
the best available studies for the most accurate estimate of the effect of the intervention.33–35

Were All Patient-Important Outcomes Considered?

Although it is a good idea to look for focused systematic reviews because they are more
likely to provide valid results, this does not mean that clinicians should ignore outcomes
that are not included in a review. For example, the potential benefits of hormone
replacement therapy may include a reduced risk of fractures and colorectal cancer, and
potential disadvantages may include an increased risk of breast cancer and stroke.
Focused reviews are more likely to provide valid results of the effects of hormone
replacement therapy on each of these four outcomes, but a clinical decision requires
consideration of all of them.

Systematic reviews frequently do not report the adverse effects of treatment. One
reason is that individual studies often measure adverse effects in different ways or not at
all, thus making it difficult to summarize the results. Costs are an additional outcome
that are often absent from systematic reviews.

Are the Benefits Worth the Costs and Potential Risks?

Finally, either explicitly or implicitly, clinicians and patients must weigh the expected ben-
efits against the costs and potential risks of an intervention. Although this is most obvious
when deciding whether to implement a health care intervention, providing patients with
information about causes of disease or prognosis also can have both benefits and risks.
For example, informing city dwellers about the health risks of air pollution exposures may
lead them to reduce the risk of exposure, with potential benefits; however, it may also
cause anxiety or make peoples’ lives less convenient. Informing an asymptomatic woman
with newly detected cancer about her prognosis may help her to plan better, but it may
also label her, cause anxiety, or increase the period during which she is “sick.”

A valid systematic review provides the best possible basis for quantifying the expected
outcomes, but these outcomes still must be considered in the context of a patient’s values
and concerns about the expected outcomes of a decision. Ultimately, trading off benefits
and risks will involve value judgments, and in clinical decision making, these values
should come from the patient (see Chapter 34, Incorporating Patient Values).

Clinical Resolution

The group arrives at several conclusions. First, although the methodological quality
of the systematic review is strong, many of the trials included in the review were small
and had methodological shortcomings, which limit the conclusions that could be 

Continued
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with treatments such as vaginal cones or intravaginal resistance.

Despite these uncertainties, and given the uncommon risk of side effects and the
increased self-reported cure rates, the group decides to offer pelvic-floor muscle train-
ing for premenopausal women with stress or mixed incontinence. However, before
doing this, they plan to review the individual trials that contributed to the meta-analyses
to learn more about the specific components of pelvic-floor muscle training in each
study, such as how it was taught, types (quick or hold) and number of contractions,
and length of training.
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