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Purpose of This Chapter

The final outcome of a research review is a synthesis of the contents of
the literature and an evaluation of its quality. This chapter discusses
how the synthesis is used in describing the status of current knowledge
about a topic, justifying the need for and significance of new research,
explaining research findings, and describing the quality of the avail-
able research. The synthesis can be a separate document (such as
a stand-alone report), or it may be incorporated into articles, papers,
and proposals. The chapter also explains how to do descriptive syntheses
and meta-analyses.

Descriptive syntheses rely on the reviewers’ knowledge and experi-
ence in identifying and interpreting similarities and differences in the
literature’s purposes, methods, and findings. They are often used when
randomized trials and good observational studies are not available.
When they are available, meta-analysis may be appropriate.

Meta-analytic reviews draw on formal statistical techniques to
combine separate studies into a larger “meta” study. This chapter pro-
vides an introduction to meta-analysis that is specifically designed for
users of meta-analytic results. Relevant statistical subjects are covered
(such as the computation of odds and risks and the concepts behind
statistical testing and confidence intervals) because they are essential
components of meta-analytic studies. The research literature reviewer
needs to understand the purposes and outcomes of these statistical
techniques.

Figure 5.1 shows the steps in conducting a research literature
review. This chapter deals with the shaded areas: Combine the results
to produce a descriptive review or perform a meta-analysis.
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Ask Experts to
Review

Databases and
Search Terms

Select Research Questions

Select Bibliographic Databases and Web Sites

Choose Search Terms

Apply Practical Screen
Content covered; years searched; language; setting, sample,

interventions, and outcomes studied; research design

Apply Methodological Quality Screen
Research design; sampling; data collection; interventions;

data analysis; results; conclusions

Train Reviewers (if more
than one)

Synthesize the Results
Report on current knowledge; justify the need for research;

explain research findings; describe quality of research

Pilot Test the Reviewing
Process

Do the Review
Add hand searches of
references to online

searches

Perform Meta-Analysis
Statistical combination of results

Produce Descriptive Review
Primarily qualitative synthesis of results

Monitor Quality
Ensure reliability and
accuracy of review

Figure 5.1 Steps Involved in Conducting a Research Literature Review
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Now That You Have
Done It, What Do You Do With It?

The final step in conducting a research literature review is to synthesize
the results. The synthesis provides answers to research questions and
describes the quality of the evidence on which the answers are based.

The research literature review process concludes by synthesizing
the results. The synthesis has four main purposes:

1. Describe current knowledge about a topic or body of research

2. Support the need for and significance of new research

3. Explain research findings

4. Describe the quality of a body of research

Reviews Describe Current Knowledge

One primary use of the literature is to describe how much is cur-
rently known about a topic or body of research. Reviews of the current
status of knowledge are integral components of proposals and research
papers.

Suppose you are writing a proposal to evaluate an intervention to
reduce symptoms of depression in children who have been exposed to
violence. The proposal will contain the answers to at least four research
questions: How widespread is the problem of children and exposure to
violence? What are the physical, psychological, and behavioral effects
on children of exposure to violence? Is depression one of the symptoms
associated with exposure to violence? If so, how frequently is it seen
among children who have been exposed to violence?

A first step in answering these questions is to review the literature
in order to synthesize current knowledge on topics such as these:
children and violence, consequences of children’s being exposed to
violence, depressive symptoms in children who have been exposed to
violence, and interventions to reduce symptoms of depression in
children who have been exposed to violence. The hypothetical results
of the review are illustrated next.
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What Is Known About the Need to Intervene
With Children Who Have Been Exposed to
Violence and Have Depressive Symptoms?

Large numbers of American children personally witness or are
the victims of violence, and an even greater number may experi-
ence symptoms after personally witnessing violence directed at
others (references needed here). Exposure to violence is associ-
ated with depression (references needed here) and behavioral
problems (references needed here). In addition, youth exposed to
violence are more likely to have poorer school performance (ref-
erences needed here), decreased IQ and reading ability (refer-
ences needed here), lower grade point average (references needed
here), and more days of school absence (references needed here).
Exposure to violence may also interfere with the important devel-
opmental milestones of childhood and adolescence (references
needed here).

These wide-ranging negative consequences of violence have
resulted in calls for interventions to address the needs of children
who are experiencing a range of symptoms after being exposed to
violence (references needed here). Yet no randomized controlled tri-
als of interventions for these symptomatic children exposed to vio-
lence have been conducted. (Note: although you do not need to
include references for this statement, you should be prepared to
defend it. Your best defense is a comprehensive review.) Based on
our previous work (references needed here), we conducted a ran-
domized controlled trial to test the effectiveness of the intervention
in reducing depressive symptoms.

All statements in a proposal or research paper that can be chal-
lenged with the request, “Prove this,” should be accompanied by refer-
ences to the literature. Restrict your references to high-quality studies
for scientific and ethical reasons. Also, if you plan to publish your
work, some journals limit the number of references you can include.
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Literature reviews that describe current knowledge are often
published as stand-alone reports. If you review any high-quality med-
ical or nursing journal, you will find numerous examples of stand-alone
literature reviews that systematically examine the state of the art and
science on a particular topic. These reviews are extremely important in
health and medicine where new technologies and studies appear con-
tinuously and need to be described and evaluated. But health profes-
sionals are not the only ones who depend on stand-alone reviews.
Consumer groups such as Consumer’s Union use them to help consumers
make decisions about products.

Reviews Support the Need
for and Significance of New Research

Literature review syntheses provide evidence that a proposed study
is needed and significant. Suppose, for example, that you have devel-
oped an educational program to encourage students to become inter-
ested in public service as a career choice. Suppose also, that you would
like to get a grant to evaluate the program’s effectiveness. To get the
grant, you will need to do a literature review to answer questions such
as these: Why is this program needed? What benefits will society gain
if more students become interested in public service as a career choice?
Are other programs available, and if so why are they not as effective as
the one you are proposing? The idea is to convince the grant makers
that the literature supports your claims that a new program is needed to
achieve the objective of getting students to choose public service for
their careers. Here is an example of the use of literature review results
in justifying the need for and significance of new research.

Do South Asian Women
Who Live in the United States

Receive Appropriate Preventive Health Care?

South Asians are a rapidly growing population in the United States.
Immigrants from South Asia originate from India, Pakistan,
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Bangladesh, and Sri Lanka. Asian Indians far outnumber other
South Asians, with 11.8% of the entire Asian American population
in the United States or 786,000 persons. Pakistanis follow with
82,000 individuals living in the United States. From 1980 to 1990,
both groups increased in proportion by 110%. Furthermore, the
Asian and Pacific Islander group (API) is expected to increase to
four times its current size by the year 2050 [Census of Population
and Housing, 1993, #143]. Given this expected increase, the United
States must be prepared to integrate these immigrants into its health
care system.

Unfortunately, there are multiple challenges to providing
health care for immigrants. Barriers such as language difficulties,
resettlement concerns, problems acculturating, cultural health
beliefs, and low self-efficacy [Jenkins, 1996, #125; Phillips,
2000, #127; Stephenson, 1999, #128] may influence the receipt
of preventive care services more than acute care services. Failure
to obtain preventive care can increase health care costs and cause
significant morbidity and mortality [Fries, 1993, #26; Kattlove,
1995, #27].

Although many immigrants to the United States do not obtain
necessary preventive services, scant data are available on South
Asians. In their homelands, South Asians usually obtain medical
treatment only when they are acutely ill; only rarely do they receive
comprehensive primary care [Berman, 2000, #140]. It is unknown
if this type of patient behavior carries over when these immigrants
arrive in the United States.

A comprehensive study of this subject is needed to adequately
ascertain which preventive services this unstudied group obtains.
Gaps in the provision of preventive care services need to be identi-
fied so that policymakers can create culturally appropriate outreach
programs that encourage the use of preventive services. Factors
associated with the use of these services need to be identified so
that physicians caring for South Asian patients can maximize the
appropriate use of preventive services.
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The names and numbers in the brackets in the example above (such
as [Berman, 2000, #140] are the references that justify the statements
that together make up the authors’ argument. The format is typical of
a reference manager program. In this case, Berman, 2000 is the 140th
reference listed in the reviewer’s library.

Reviews Explain Research Findings

Literature review results explain research findings by demonstrat-
ing how a particular study’s outcomes compare to all others, as illus-
trated below.

South Asian Women Do Not Obtain
a Very Important Preventive Health Care Test

Papanicolaou (pap) smears have been shown to detect early cervical
cellular abnormalities thereby reducing morbidity and mortality
from cervical cancer.1 Lower proportion of lifetime spent in
the United States is a negative predictor of pap smear receipt for
Vietnamese women.12 Similarly, other measures of acculturation
based on acculturation “scores” have found that acculturation pre-
dicts pap smear receipt for Native Americans and Hispanics37, 38 and
that language barriers and fewer years in the United States negatively
affect access to the health care system for Chinese Americans.39

Thus, our study supports prior research noting the positive correla-
tion between acculturation, health services use in general, and pap
smear receipt in particular.

Unlike previous studies, we did not find age to be an important
predictor of pap smear receipt.40 This may have been due to the
small number of elderly women in our cohort, which limited the
power of our study to assess effectively the impact of age on pap
smear receipt in this sample.

The references in the example above are used to defend the finding:
“Thus, our study supports prior research noting the positive correlation
between acculturation, health services use in general, and pap smear
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receipt in particular.” The references have been formatted by the
reference manager program to appear as superscripts such as1 or40.
Reference manager programs have hundreds of formats to correspond
to the needs of different journals. You may switch from one format to
another quite easily.

Reviews Describe the Quality of Current Research

The quality of current research refers to its methodological quality.
The best reviews have detailed descriptions of the quality of the litera-
ture. This description is essential because the accuracy of the review
depends on the quality of the literature available to it. Also, the higher
the quality of the literature, the more likely you are to feel confident in
and accept its conclusions.

Among the questions reviewers should ask about each article or
study are these: How internally valid is the research design? Are the
outcome measures valid? Was the sample selection process explained
and justified? Are the data current? Are there any obvious biases in
each study, say, due to failure to “blind” participants or because of
financial conflict of interest?

Suppose you were interested in finding out if prenatal care helps
prevent premature births (duration of pregnancy less than 37 weeks
from last menstrual period) and low birth weight (less than 2,500
grams). You do a literature review and prepare the next two tables.

In the first table (Table 5.1), you list the methodological features of
22 evaluations of prenatal care programs. That is, the table is used to
summarize the number and characteristics of articles on prenatal care
that met your first set of screening criteria. In the second table
(Table 5.2), you present the findings of seven studies that met five of
the second set of screening or quality criteria. In this case, there are
eight quality criteria.

Table 5.1. Screening Criteria: Part I

Question: What are the methodological characteristics of 22 stud-
ies that evaluated prenatal care? 

The table tells you that 86.4% of the studies looked at mother’s health
status, and more than three fourths (77.3%) have a clear description of the
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experimental program, but only 27.3% have follow-up data or
randomly selected participants for the study or randomly assigned par-
ticipants to groups once they were selected. Now look at Table 5.2.

Table 5.2. Screening Criteria: Part II—Quality

Question: What programs and outcomes are examined in the
seven studies that contain five or more of the eight methodological
characteristics?

Looking at the Table 5.2, you can conclude that at the time of the
review, prenatal care programs varied considerably in their focus (e.g.,
sometimes on who should deliver care and at other times on providing
information on nutrition or smoking cessation). You are not surprised to
find that the outcomes also differed considerably from study to study
and include infant mortality, quality of diet, infections, and smoking
reduction and smoking cessation.

The review’s findings suggest that only one prenatal care program
(parent education and family support) had a beneficial effect on the
baby’s birth weight and gestational age (Olds et al.), although a nutri-
tional program (Huggins et al.) had a positive effect on the baby’s
gestational age.

You prepare Table 5.3 to describe more about each study and
present it in this format.

Question: In what geographical area was the study conducted, with
how many women, of what age, ethnicity, marital status, and education?

194 CONDUCTING RESEARCH LITERATURE REVIEWS

Features N (%) References

Health status of mothers 19 (86.4) 21 23–29 31–38 40–42
Clear description of

experimental program 17 (77.3) 21 23–28 30 33 36 37 39 42
Statistical presentation 14 (63.6) 21 24 26–30 32 34 35 37 39 41
Valid data collection 13 (59.1) 21 25 29 32 34 35 39 41
Prospective data collection 8 (36.4) 24 27 28 32 36 37 41 42
Follow-up data on

women and infants 6 (27.3) 23 24 28 32 36 41
Randomization into study 6 (27.3) 21 22 30 35 40 42
Random assignment to groups 4 (18.2) 27 32 37 41

Table 5.1 Methodological Features of 22 Studies of Prenatal Care
Programs
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As you can see from Tables 5.2 and 5.3, the specific study that had
significant, positive effects on birth weight and gestational age (Olds)
had a sample of 189 women. These women were from a relatively sub-
urban part of California. Nearly two thirds were unmarried, and almost
half (47%) were 19 years of age and under.

The choice of data to present depends on the problem and your
audience. For instance, you might just have a table describing the
objectives of each included study for a group of people who are inter-
ested in deciding on how to focus a program. In Table 5.4, only study
objectives are given.

Other descriptive tables can contain information on the number of
studies that met their research objectives, were published during certain
periods of time (such as between 1950 and 1960 or 1990 and 2005,
etc.), collected data from their participants for 12 months or more,
included children in their programs, excluded children in their
programs, and so on.

196 CONDUCTING RESEARCH LITERATURE REVIEWS

Table 5.3 Demographic Characteristics of Experimental Program
Participants

Sample Geographic Marital
Author Size Area Age Status Education

Able et al. 15,526 North 15% < 18 66% 48% < 12 years
Carolina unmarried

Eddie et al. 125 Salt Lake 100% < 20 11% 97% < high 
City married school graduate

Frank and 667 Charleston, 32% < 20 45% 63% < high 
Kine South unmarried school

Carolina graduate

Huggins 552 St. Louis, average: 22 82% Not stated

et al. Missouri married

Olds et al. 189 San Fernando 47% < 19 41% Average:

Valley married 11 years

Spender 626 London, 45% < 19 25% 45% high 

England married school

graduates

Winston 102 Birmingham, 23 Not stated Average:

Alabama 11 years
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Table 5.4 Objectives of the Studies in a Review of the Literature on
Screening Measures Used in Older Persons

First Author

Willenbring, 1987

Tucker, 1989

Werch, 1989

Colsher, 1990

Moran, 1990

Buchsbaum, 1992

Fulop, 1993

Jones, 1993

Chaikelson, 1994

Clay, 1997

Bradley, 1998

Fink, 2002

Objectives

Study the validity of the Michigan Alcoholism
Screening Tests scored with weighted (MAST) and
unit scoring (UMAST) and two short versions: the
BMAST and the SMAST

Determine the adequacy of verbal reports of drinking
using three questionnaires: the SMAST, Drinking
Practices Questionnaire, and the Questionnaire
Measure of Habitual Alcohol Use

Compare three measures for estimating alcohol
consumption: a 7-day and a 21-day diary and a
quantity/frequency index

Examine two measures of alcohol consumption:
quantity/frequency and history of heavy drinking

Determine the sensitivity and specificity of a two-
question alcoholism screening test not previously
tested in the elderly and compare the results to
MAST scores

Assess the performance of the CAGE questionnaire in
identifying elderly medicine outpatients with
drinking problems

Examine the utility of the CAGE and MAST as brief
screening instruments for alcoholism and
depression

Assess the validity of CAGE and the MAST in
distinguishing between elderly patients with and
without alcohol disorders

Determine the validity of a retrospective self-report
measure, the Concordia Lifetime Drinking
Questionnaire

Compare the AUDIT and CAGE questionnaires in
screening for alcohol use disorders in elderly
primary care outpatients

Examine the AUDIT alcohol consumption questions:
reliability, validity, and responsiveness to change in
older male primary care patients

Evaluate the validity of the Alcohol-Related Problems
Survey, a measure designed to detect non-
hazardous, hazardous and harmful drinking in older
adults
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Why do you need all this additional information if the purpose of
the review is to synthesize the findings from high-quality studies? Why
not just give summary information (as in Table 5.1 above)? The reason
is that you must make the literature review synthesis as accurate as pos-
sible, and one way to ensure accuracy is to place all studies in their con-
text. The context includes the methodological quality and other study
characteristics. With information on context, you are able to report on
how high quality the best available studies are and to identify the pop-
ulations and programs that have contributed to current knowledge or
have not been studied well or completely.

Descriptive Syntheses or Reviews

Descriptive literature reviewers use their own knowledge and experi-
ence to synthesize the literature by evaluating similarities and differ-
ences in the purposes, methods, and findings of high-quality research.
The validity of a descriptive synthesis or review’s findings depends on
the subject matter expertise and critical imagination of the reviewer and
on the quality of the available literature.

Descriptive reviews are particularly relevant when randomized
controlled trials or rigorous observational studies are scarce or even
unavailable. If randomized trials and good observational studies are
available, then statistical analyses—meta-analyses—are appropriate.
This type of review uses formal statistical techniques to sum up the
outcomes of separate studies.

Examples of Descriptive Literature Reviews

The following are examples of descriptive literature review reports.

Example 1. Placebo Effects
in Pain Treatment and Research1

Purpose of the Review. The reviewers aimed to estimate the impor-
tance and implications of placebo effects in pain treatment and

198 CONDUCTING RESEARCH LITERATURE REVIEWS
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research. A placebo is an intervention designed to simulate
medical therapy but not believed to be a specific therapy for the
target condition. It is used either for its psychological effect or
to eliminate observer bias in an experimental setting. A placebo
effect is a change in a patient’s illness that can be attributed to
the symbolic import of a treatment rather than a specific phar-
macologic or physiological property. A placebo response refers
to any change in patient behavior or condition following the
administration of a placebo.

Methods. English-language articles and books identified through
MEDLINE (1980 through 1993) and PsycLIT (1967 through
1993) database searching, bibliography review, and expert
consultation.

Results. Three books and 75 articles were included in the review.
The reviewers found that placebo response rates vary greatly
and are often much higher than previously believed. (Current
belief is that about one third of patients will have a placebo
effect). As with medication, surgery can produce substantial
placebo effects. Individuals are not consistent in their placebo
responses.

Conclusions. Placebo effects influence patient outcomes after any
treatment, including surgery, that a clinician and patient believe
is effective. Placebo effects plus the natural history of diseases
and regression to the mean can result in high rates of good out-
comes that may be incorrectly attributed to specific treatment
effects. The true causes of improvement in pain after treatment
remain unknown in the absence of independently evaluated ran-
domized controlled trials.

Limitations. The criteria for selecting the 75 articles and three
books are not described, nor is the quality of the studies
the reviewers discuss prominently in their analysis. In the
absence of such information, we may lose confidence in the
conclusions.

What Did You Find? Synthesizing Results 199
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Example 2. The Cost-Savings
Argument for Prenatal Care2

Purpose of the Review. Public spending for prenatal care in the
United States has been justified by the cost-savings argument.
Prenatal care, it is said, can prevent the costs and medical com-
plications associated with low birth weight. What is the evidence
for this claim?

Methods. Refereed journals and government publications were
reviewed. Of 100 studies on effectiveness and economics made
available over an 18-year period, 12 addressed issues of cost and
cost savings. Four studies used data from experiments of prena-
tal care that included objectives other than evaluation of costs;
four were surveys of groups of patients; four used hypothetical
calculations of cost savings.

Conclusions. In each study, methodologic problems were identified
that could have resulted in the overestimation of cost savings. These
included noncomparable control groups, unsupported assumptions,
underestimation of the cost of prenatal care, underestimation of the
cost of overcoming nonfinancial barriers to access to prenatal care,
and oversimplification of the relation between changes in the fre-
quency of low birth weight and actual cost savings.

Limitations. This review does not demonstrate that prenatal care is
not cost-effective. In fact, the authors point out that with better
data, the cost savings due to prenatal care might even be con-
vincingly demonstrated. In addition, costs savings may not be
the appropriate criterion for evaluating prenatal care programs.

Example 3. Adequacy of Reporting Race/Ethnicity
in Clinical Trials in Areas of Health Disparities3

Purpose of the Review. Research in the United States has shown
disparities in health by race and ethnicity. Because of this, U.S.

05-Fink Research.qxd  11/1/2004  11:48 AM  Page 200
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government-supported initiatives have mandated broader inclusion
of minorities in clinical research on diseases that have such dispar-
ities. The reviewers in this study examined the reporting of race/
ethnicity in clinical trials in areas of known disparities in health
(i.e., diabetes, cardiovascular disease, HIV/AIDS, and cancer) to
determine the success of the mandates.

Methods. The reviewers performed a MEDLINE search covering
the period January 1989 to October 2000 to identify clinical
trials of diabetes, cardiovascular disease, HIV/AIDS, and cancer
published in the Annals of Internal Medicine, Journal of the
American Medical Association, and New England Journal of
Medicine.

Conclusions. The reviewers found that of 253 eligible trials,
analysis of results by race/ethnicity was reported in only two
trials. In diseases with known racial and ethnic disparities,
almost none report analyses by race/ethnicity. Thus, although
federal initiatives mandate inclusion of minority groups in
research, the reviewers conclude that the inclusion has not
translated to reporting of results that might guide therapeutic
decisions.

Limitations. One important limitation to the review’s findings is that
it focused only on reports of clinical trials in selected and excel-
lent general medicine journals. Because the sampling frame
included only these journals, it is possible that reporting may
have been different in other journals with a different readership.

Meta-Analysis

Take this true-false test.

True or false?
Coaching raises SAT scores. T F
Using sunscreen with an SPF of 15 + is more

protective of wrinkling than skin creams. T F
Reducing serum cholesterol concentration

with diets or drugs or both reduces the
incidence of major coronary events in men. T F
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The answers are false, true, and true. How do we know? The answers
come from the findings of a combination of several high-quality stud-
ies. The studies were combined using a method called meta-analysis.

A meta-analysis uses formal statistical techniques to sum up the
results of similar but separate studies. Put another way, a meta-analysis
integrates or combines data from more than one study on a given topic
to arrive at conclusions about a body of research. The idea is that the
larger numbers obtained by combining study findings provide greater
statistical power than any of the individual studies. In the true-false test
above, for example, the results of 36 studies on the effects of coaching
on SAT scores were combined. A meta-analysis has qualitative fea-
tures, too, because it takes into account more subjective issues, such as
strength of study design and extent of content coverage.

The discussion that follows is specifically designed for users of
meta-analytic results. Some statistical issues are covered (such as the
computation of odds and risks and the concepts behind statistical test-
ing and confidence intervals) because they are essential components
of most meta-analyses. Even if you do not plan to do your own meta-
analysis, you should continue reading because you will definitely
encounter meta-analytic studies (and those that call themselves
meta-analyses) as part of the literature-reviewing process.

What to Look for in a Meta-Analysis: The Seven Steps

Meta-analysis is a statistical synthesis of relevant studies to reach
conclusions about a body of research. The concept of effect size is
central to meta-analysis. An effect is the extent to which an outcome is
present in the population. It is an index of how much difference there
is between two groups, usually a treatment (experimental) group and
a control group. If the outcome of a study is continuous (e.g., a score
from 1 to 100 or blood pressure measurements), then the effect size is
defined as the difference in means or average scores between the inter-
vention and control groups divided by the standard deviation of the
control or both groups. Effect sizes can be based on proportions, if the
outcome is nominal, or on correlations, if the outcome is an association.
Effect sizes can also be expressed as differences between odds ratios or
relative risks (see the section under “Statistical Interlude” later in this
chapter).
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The effect sizes are combined statistically in meta-analysis. Suppose
you do a literature review to find out the effect of a low-fat diet on your
blood pressure. Typically, an effect size that expresses the magnitude
and direction of the results would be calculated for each study in the
review. For example, a positive effect of fish oil might be expressed as
the difference in mean blood pressure levels between a group given a
low-fat diet and a group not on a low-fat diet (possibly divided by
a within-group standard deviation). A positive sign can be given if the
low-fat diet group has lower postintervention blood pressure and a neg-
ative sign given when the opposite is true. As a second example, think
of a group of studies examining whether attitude toward reading is
associated with age. The effect size can be the correlation between age
and satisfaction (as a component of the concept of “attitude”), with pos-
itive correlations indicating that older students are more satisfied than
younger. In this example, the effect size is an expression of the degree
of relationship between two variables.

There are many ways to define the average or typical effect size.
Among the most commonly reported is the weighted mean, where
weighting is by the size of the study. The idea is that effect sizes based
on larger studies have more stability and should be weighted more
heavily than the more variable effect sizes based on smaller studies. But
this may be misleading. Suppose, for example, that interventions in
larger studies were intrinsically weaker and had less impact than the
more intensive interventions that might be possible in smaller studies;
the average effect size weighted by study size would be systematically
biased toward the weaker interventions and could lead to a pessimistic
conclusion. Because of this, many meta-analytic practitioners urge the
reporting of both weighted and unweighted average effect sizes.

The following are seven steps that should be taken to complete a
comprehensive, valid meta-analysis. When using a meta-analysis, check
to determine how adequately each step is performed.

Seven Steps to a Meta-Analysis

1. Clarify the objectives of the analysis.

2. Set explicit criteria for including and excluding studies.
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3. Justify methods for searching the literature.

4. Search the literature using a standardized protocol for including
and excluding studies.

5. Use a standardized protocol to collect (“abstract”) data from each
study regarding study purposes, methods, and effects (outcomes).

6. Describe in detail the statistical method for pooling results.

7. Report results, conclusions, and limitations.

As a reviewer of a meta-analysis, check how well each of the seven
steps is implemented.

Step 1. Are the Objectives of the Meta-Analysis Clear?

The objectives are the purposes of doing the analysis. Meta-
analyses have been done about subjects as diverse as school-based
smoking prevention programs, adolescent gambling disorders, con-
sumer choice and subliminal advertising, cesarean childbirth and
psychosocial outcomes, the effectiveness of intravenous streptokinase
during acute myocardial infarction, and the use of electroshock in the
treatment of depression.

Meta-analysis is a research method, and so the objectives (research
questions, hypotheses) must come before any other activity. As a user,
you need to know the objectives of the meta-analysis so that you can
evaluate the appropriateness of the included (and excluded) literature,
determine the adequacy of the methods used to combine studies, and
evaluate the soundness of the researchers’ conclusions.

Step 2. Are the Inclusion and Exclusion Criteria Explicit?4

Conservative meta-analysis practitioners assert that only true
experiments or randomized trials are eligible to be included in meta-
analysis. More liberal practitioners will accept all high-quality studies.
They often group them by study design characteristics, such as random
or nonrandom assignment, in order to estimate if differences exist
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between the findings of higher- and lower-quality studies. The technique
used to conduct separate analyses of different quality studies is called
sensitivity analysis. As a reviewer or user, you should check that the
meta-analyst specifies and justifies quality criteria and that high-
quality studies are not (without good reason) analyzed together with
lower-quality studies.

Step 3. Are the Search Strategies Satisfactory?5

Electronic and manual literature searches supplemented by consul-
tation with experts in the field are the order of the day for all literature
reviews. In meta-analyses, it may be important to make certain that
data are included from ongoing studies that have not yet been pub-
lished. If they are not, the analysis may fall victim to “publication bias.”
Publication bias is a term used to mean that a review unfairly favors
the results of published studies. Published studies may differ from
unpublished in that they tend to have positive findings; negative find-
ings or findings of no difference between groups do not get published
as frequently (in the English-language literature). The general rule in
estimating the extent of the bias is to consider that if the available data
uncovered by the review are from high-quality studies and reasonably
consistent in direction, then the number of opposite findings will have
to be extremely large to overturn the results.

A number of statistical techniques are available to help deal with
publication bias. Formulas are available that you can use to estimate
the number of published studies showing no differences between pro-
grams that are needed to convert a statistically significant pooled dif-
ference into an insignificant difference. If the number of unpublished
studies is small relative to the number of published studies pooled in
the meta-analysis, then you should be concerned about potential pub-
lication bias.

Other methods include estimating the size of the population from
which each study group is drawn. Using this information and the
study’s sample size, potential publication bias can be calculated for
individual study. Software is available for investigating publication bias
by graphically displaying sample size plotted against effect size. Some
researchers suggest that this graphic display (which is called a funnel
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plot) should always be examined as part of a meta-analysis, if a
sufficient number of studies are available.

Step 4. Is a Standardized Protocol
Used to Screen the Literature?6

The fourth step of the meta-analysis is to screen each identified
study. Usually two or more reviewers determine the quality of the uni-
verse of studies. To ensure a consistent review, a screening protocol
should be prepared. This means that each study is reviewed in a uni-
form manner. The following are typical of the types of questions
included in a standardized protocol.

Portions of a Quality Screen for Studies
of Alcohol Use in Older People

Are these terms defined? 1. Yes 2. No

Alcoholism 1 2
Heavy drinking 1 2
Problem drinking 1 2
Alcohol dependence 1 2
Alcohol abuse 1 2
Alcohol-related problems 1 2
Hazardous drinking 1 2
Harmful drinking 1 2

Is evidence offered that the instrument used to measure each of the
following is valid in persons 65 years of age or older?

Alcoholism 1 2 NA
Heavy drinking 1 2 NA
Problem drinking 1 2 NA

Are study data collected prospectively?

Yes 1
No 2
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Does the analysis include all participants regardless of whether or
not they completed all aspects of the program?

Yes 1
No 2

To minimize bias, reviewers are sometimes not told the authors’
names, the objectives of the study, or where the study was conducted.
After each reviewer completes the questionnaires for all studies, the
results are compared between reviewers. Usually differences in results
are negotiated either by discussion between the reviewers themselves
or by a third person who is the arbitrator or “gold standard.” This
method is used across all types of literature review.

In selecting studies for inclusion into a meta-analysis, a commonly
used method relies on scoring. For example, each study is assigned a
numerical score between 1 and 100, and a cutoff score is selected. If the
cutoff is 75, and higher scores are better, that means that only studies
having scores of 75 or more are included in the meta-analysis. In other
cases, certain minimum standards are set, and the analysis includes only
studies meeting those standards. If eight quality criteria are chosen, for
example, the meta-analysis can be designed to include only those stud-
ies that meet at least six. Alternatively, if eight quality criteria are set, the
analysis can be designed so that all studies with randomly selected par-
ticipants (or valid data collection or follow-up for more than 1 year or
data collection that endures for at least 10 months, etc.) are included if
they also meet a certain number of the eight criteria.

The choice of screening criteria and the method of determining if
they have been met are subjective. Check to see that the meta-analysis
authors have adequately justified their choice of screening and selec-
tion criteria.

Step 5. Is Standardized Protocol or
Abstraction Form Used to Collect Data?7

Once studies are selected, they are reviewed and information is
abstracted. As with the screening process, valid data collection often
requires at least two reviewers using a standard protocol.
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Check the report of the analysis to see if nonexpert reviewers are
used to abstract literature. These nonexperts may not be knowledgeable
about the topic or even about literature reviews. If nonexperts are used
in data collection, determine if the authors discuss the type of training
the reviewers received and if a “quality control” method was employed.
A typical quality control method involves having experts keep watch.
Often one or more meta-analysis authors act as a quality controller.
This person—the gold standard—abstracts some or all studies. The
results are compared among all reviewers and differences are negoti-
ated. The level of agreement among reviewers should be discussed. A
statistical measure called the kappa (κ) is available to evaluate the
extent of agreement by adjusting for agreements that might have arisen
by chance.8

Step 6. Do the Authors Fully Explain
Their Method of Combining or “Pooling” Results?

An underlying assumption of one of the most commonly used meta-
analytic approaches is that you can pool (merge) individual study results
to produce a summary measure because all study results are homoge-
neous in that they reflect the same “true” effect. Differences, if you find
any, are due to chance alone (sampling error). If the assumption is cor-
rect, then when the results are combined, any random errors will be
canceled out and one meta-study will be produced. A meta-study—a
merging of many studies—is presumed to be better than just one.

In large meta-analyses, you can expect disagreement in results
among studies. Sometimes the differences may be due just to chance.
But not always. Other factors, such as variations in study settings or the
age or socioeconomic status of the participants, may be the culprits.
Rather than being homogeneous (with any observed variations due to
chance) studies may be heterogeneous (with observed variations due
to initial differences in design, setting, or sample).

In reviewing the results of a meta-analysis that assumes that study
results are homogeneous, check to see if the authors systematically
examine their assumption of homogeneity or compatibility of the study
results. Investigations of homogeneity (also called tests of heterogene-
ity) may be done graphically or statistically or both ways. Among the
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statistical methods used to test for homogeneity are the chi square for
proportions and regression. It is generally considered good practice for
a meta-analysis to examine sources of variation based on theoretical or
other empirical considerations regardless of the outcomes of the homo-
geneity tests. These tests alert the investigator to the likelihood that dif-
ferences in effect size may be due to influences on the intervention that
vary from study to study. Thus, a significant test result for homogene-
ity obligates the meta-analyst to search for variations in study settings
or participants’ characteristics; a nonsignificant test does not preclude
the search.

Pooling Results: A Case Study Suppose you are interested in finding
out how television watching affects children’s behavior. Suppose also
that you really believe that television has a profound effect on
children’s behavior (particularly in encouraging violent acts) and you
want to obtain evidence to support your belief. In a meta-analysis, you
(or the authors of a meta-analysis) first gather the pertinent studies:
those that compare children who watch television with those who do
not. You next compare the findings of each study to the hypothesis that
television has no effect on behavior. The hypothesis that there is no
effect is called the null. So in a meta-analysis, you compare each find-
ing to the null. If the null (no effect) is true, the series of study-by-study
comparisons should differ only randomly from a zero effect. Adding
them together should give a result near zero because the other chance
results will cancel each other out. But if the studies consistently
observe an effect, such as an increase in violent acts among children,
the comparisons should add up and provide a sharp contrast to the null
hypothesis.

A popular statistical technique—the Mantel-Haenszel-Peto
method—assumes that studies addressing similar questions should—
except for chance occurrences—result in answers pointing in the same
qualitative direction. The only direct comparisons made are between
experimental and control participants within the same experiment. The
basic idea is that one statistic and its variance are calculated from each
study. The separate statistics are then added together and divided by the
sum of their variances to produce a statistic that summarizes the totality
of the evidence. This method is illustrated for three hypothetical studies.
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Calculating the Grand Total
of Differences in Three Studies

Study 1: Difference 1 (experimental vs. control)
Study 2: Difference 2 (experimental vs. control)
Study 3: Difference 3 (experimental vs. control)
Grand total: Difference 1 + Difference 2 + Difference 3

The variance of the grand total can be calculated by adding the separate
variances of the separate differences from each study.

The first step in applying the meta-analysis method involves taking
each study at a time and computing the number of outcomes (e.g.,
children performing violent acts) that would be expected in the experi-
mental group if, in reality, the experimental intervention or program
(say, selective television viewing) had no effect. This number of
expected outcomes (E) is then subtracted from the number of outcomes
that were actually observed (O) in the experimental group. If the pro-
gram actually has no effect on the outcome, the two numbers will be the
same, except by chance. If, however, the experimental program is more
effective than the control in reducing the incidence of the outcomes,
fewer outcomes (i.e., fewer violent acts) than expected will be seen in
the experimental group (and subtracting E from O will result in a nega-
tive value). If the experimental program increases the occurrence of the
outcome, more outcomes than expected will be observed in the experi-
mental group (and subtracting E from O will result in a positive value).

Adding these separate differences (O – E) and their variances
allows the calculation of a statistic (and its variance) that is “typical” of
the difference observed between experimental and control groups in the
collection of studies assembled for the analysis. The typical statistic
then can be used in a test of the null hypothesis and also to estimate
how large and worthwhile any differential effects are likely to be. (The
null hypothesis says that the experimental and control programs have
equivalent effects, or said another way, no difference exists between
experimental and control.) An estimate of the differential effects can be
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described by the odds ratio (or relative risks) and associated confidence
interval. A confidence interval provides a plausible range for the “true”
value of the difference. For more information on risks and odds, see the
section “Statistical Interlude” on page 223.

Step 7. Does the Report Contain
Results, Conclusions, and Limitations?

The results of a meta-analysis refer to numbers, percentages, odds
ratios, risk ratios, confidence intervals, and other statistical findings.
The conclusions are inferences from the statistical data. The limitations
are the threats to internal and external validity9 caused by sampling,
research design, data collection, and unexplored or unanswered
research questions.

The following are typical results, conclusions, and limitations from
meta-analyses.

Sample Results of Several Meta-Analyses

Reporting the Facts

1. Keeping Appointments

• A total of 164 articles were identified from all sources; more
than 95% were identified from electronic searches. Simple
agreement for assessing the potential relevance of citations was
83% (κ = 0.66)10 for citations retrieved from MEDLINE and
98% for citations from PsycLIT (κ = 0.95). Eighty-eight arti-
cles were selected as potentially relevant. Thirty-three of the 88
articles were randomized controlled trials. Ten of these 33
studies did not report attendance as the primary outcome mea-
surement or did not provide sufficient data to develop contin-
gency tables, leaving 23 articles of high relevance and
scientific merit for detailed review (82% agreement; κ = 0.62).

• The average rate of compliance with appointments was 58%.
Mailed reminders and telephone prompts were consistently
useful in reducing broken appointments (odds ratio of 2.2,
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95% confidence interval [CI] = 1.7 to 2.9; odds ratio of 2.9,
CI = 1.9 to 4.3).

2. Reducing Blood Pressure

• The mean reduction (95% CI) in daily urinary sodium excretion,
a proxy measure of dietary sodium intake, was 95 mmol/d
(171–119 mmol/d) in 28 trials with 1,131 hypertensive subjects
and 125 mmol/d (95–156 mmol/d) in 28 trials with 2,374 nor-
motensive subjects. Decreases in blood pressure were larger in
trials of older hypertensive individuals and small and nonsignif-
icant in trials of normotensive individuals whose meals were
prepared and who lived outside the institutional setting.

3. Using Estrogen

• For women who experienced any type of menopause, risk did
not appear to increase until at least 5 years of estrogen use.

Sample Conclusions of a Meta-Analysis

Inferences From the Data

1. Keeping Appointments

• In clinic settings where kept appointments can be an accurate
measure of patient compliance with health care interventions, bro-
ken appointments can be reduced by mail or telephone reminders.

2. Reducing Blood Pressure

• Dietary sodium restriction for older hypertensive individuals
might be considered, but the evidence in the normotensive
population does not support current recommendations for
universal dietary sodium restriction.

3. Using Estrogen

• Although the overall benefit of estrogen replacement after
menopause may outweigh the risks for many women, our
analysis supports a small but statistically significant increase
in breast cancer risk due to long-term estrogen use.
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Sample Limitations

Threats to Internal and External Validity

• Our interest was in those settings where keeping appointments
assured achievement of the intended health care objective,
such as flu shots. The results cannot be safely extrapolated to
settings where patients attend appointments for ongoing care
that they administer themselves between visits.

• There was evidence of confounding, resulting in reductions in
blood pressure with no change in sodium intake, but the
source could not be identified from the reports.

A meta-analysis should be subject to the same methodological
rigor as the studies it reviews. You should examine the threats to inter-
nal and external validity and decide if the reviewers have justified the
merits of their analysis in spite of the threats. In the meta-analysis of
estrogen replacement therapy, for example, the reviewers note that fur-
ther studies are needed to determine whether different estrogen prepa-
rations affect breast cancer risk differently and whether progestin use
affects breast cancer risk.

Meta-Analysis Illustrated One method of describing the results of a meta-
analysis is by plotting the results on a graph, as in Figure 5.2. The graph
compares the number of violent acts in experimental and control studies.

The graph in Figure 5.2 contains information on violent acts for
five studies. Each study is assigned an identification number (e.g., 1013
or 1016). The identification numbers are arbitrary and are given in the
first column.

The second column lists the number of participants in each study.
So, 36 participants were in the control group in study 1013, while 211
were in the control group in study 1016. The third column describes the
number and percentage of violent acts committed by persons in the
control. There were five violent acts committed by control participants
in study 1013, for example, and that is 13.9% of the entire number of
control participants.
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The fourth column consists of the number of persons in the experi-
mental group, and the fifth, the number of violent acts. (We are assum-
ing for this example that no person commits more than one violent act).

The graph to the right of each study consists of the 95% confidence
interval for the odds ratios resulting from the comparisons between
experiment and control groups. The study’s confidence intervals over-
lap (the lines emanating from the blackened circles) and, as you can
easily see, tend to favor the experimental group.

Fixed Versus Random Effects

In reviewing meta-analyses, critics often focus on the reviewers’
choice of one or two models called fixed effects versus random
effects. The fixed effects model assumes that all experiments are simi-
lar in that they share the same underlying treatment effect. Thus, the
observed differences in their results are considered to be due to chance
alone (sampling error within each study).

The random effects model incorporates the potential heterogeneity
of the treatment effect among different studies by assuming that each
study estimates a unique treatment effect that, even given a large amount
of data, might still differ from the effect in another study. Compared
with the fixed effects model, the random effects model weights smaller
studies more heavily in its pooled estimate of treatment effect. The fixed
effects and random effects models are equivalent when there is no
heterogeneity of the treatment effect among different studies.

Which approach—fixed or random effects—is better? Although
each may have its supporters, the choice probably depends on the situ-
ation. It is not uncommon for researchers first to use a fixed effects
model and to statistically test for homogeneity of treatment effect. If
the effect is not constant across studies, the researchers then apply a
random effects model to derive an estimate (using statistical methods)
of the between-study component of variance.

Some researchers frame the debate between fixed and random
effects as a conflict in the analysis between numbers of persons
participating in all studies versus the number of studies, as in this
discussion.
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One View of Fixed Effects and Random Effects:
Number of Participants Versus Number of Studies

Meta-Analysis A. We have reviewed 10 studies of methods to
improve the welfare system. Over 25,000 people participated in
the 10 studies. Our conclusions are based on these 25,000
people. With such a large sample, our confidence intervals are
relatively small.

Meta-Analysis B. Yes, the confidence intervals are small, but you
can generalize your findings only to new persons eligible for the
original studies. We are interested in generalizing our findings to
other studies. So we are going to focus instead on the 10 studies.
This is a random effects model. With it, we have smaller samples
and wider confidence intervals but greater generalizability.

Cumulative Meta-Analysis

A cumulative meta-analysis is a technique that permits the identifi-
cation of the year when the combined results of many studies (almost
always randomized, controlled trials or true experiments) first achieve
a given level of statistical significance. The technique also reveals
whether the temporal trend seems to be toward superiority of one
intervention or another or whether little difference in treatment effect
can be expected and allows investigators to assess the impact of each
new study on the pooled estimate of the treatment effect.

Large Studies Versus Meta-Analysis
of Smaller Trials: Comparing Results

The literature is sparse with respect to comparing the results of
meta-analyses with each other and with large studies. Some evidence is
available to suggest that the results of smaller studies are usually com-
patible with the results of large studies, but discrepancies do occur.
These differences may be due to the quality of the primary studies in
the meta-analysis, differences in protocols, and publication bias.

216 CONDUCTING RESEARCH LITERATURE REVIEWS

05-Fink Research.qxd  11/1/2004  11:48 AM  Page 216



The results of many diverse smaller studies may actually reflect the
natural heterogeneity of treatment effectiveness found in the real world,
and this may be an advantage of doing a meta-analysis. Large studies,
however, may produce a more precise answer to a particular question,
especially when the treatment effect is not large but is important in
practical terms. Both large studies and the combined results of smaller
studies are useful sources of information.

Supporters and Critics

Many influential supporters of meta-analysis insist that only prop-
erly randomized trials can be put into a meta-analysis. They also main-
tain that studies must use an intention-to-treat analysis to be valid.
An intention-to-treat analysis includes all participants (e.g., patients,
students, employees) who are randomized into the analysis, regardless
of whether they comply with all experimental rules or complete the
program or intervention. So, for example, a study that excludes drop-
outs from its data analysis is not eligible for inclusion in an intention-
to-treat analysis.

Critics of meta-analysis point out that the technique is essentially
observational and is subject to all the pitfalls of observational studies.
An observational study (unlike an experiment) must cope with what-
ever data are available.

Critics of meta-analysis also say that the technique’s uncertainty may
actually produce misleading results. Many statistical issues are still being
debated, including which methods and models to use, when and if odds
ratios overestimate the relative change in risk (especially if the event rate
is high), and the effect of publication and other sources of bias.

Supporters point out that despite its flaws, meta-analysis is a sys-
tematic method for dealing with important issues when results from
several studies disagree, when sample sizes of individual studies are
relatively small, or when a larger study is unlikely to be performed in
time to answer a pressing question. Even detractors agree that a meta-
analysis can be viewed as a way to present the results of disparate
research studies on a common scale.

You can purchase software that will actually do some of the work
of a meta-analysis for you. These programs can create or import study
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databases, analyze the effects for all samples included in the analysis
or for subgroups, and provide graphs to show the results. To get to these
programs, go to your favorite search engine and use the key word
meta-analysis.

Displaying Meta-Analysis Results

Meta-analytic results are shown in tables and in graphs. Table 5.5
is an example of a table that describes the results of a meta-analysis
studying the effect of a hypothetical intervention when compared with
a control group.

What does the table reveal? Looking at the last row, which is
labeled ‘Subtotal,” you can see that the pooled absolute risk reduction
was 10.5% (95% confidence interval 7.1% to 13.9%). The pooled
number needed to treat (NNT), which is defined as 1 divided by the
absolute risk reduction, was 10 (7 to 14). The NNT is a concept that is
central to understanding the results of a meta-analysis. It is defined as
the number of persons who need to be “treated” (given an intervention)
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Table 5.5 Outcomes in Studies Included in Hypothetical Meta-Analysis

Absolute Risk Number
Reduction or ARR Needed to

Intervention Control (%) (intervention Treat
Reference # Groupa Groupa minus control) (1 ÷ ARR)

36 83/103 71/102 11.0 (–0.9 to 22.5) 9 (4 to –113)
24 9/33 10/39 1.6 (–18.1 to 21.9) 61 (5 to –6)
42 66/87 44/71 13.9 (–0.5 to 27.9) 7 (4 to –195)
37 102/274 66/256 11.4 (3.5 to 19.1) 9 (5 to 28)
41 277/392 247/382 6.0 (–0.6 to 12.5) 17 (8 to –171)
40 16/96 13/93 2.7 (–7.8 to 13.1) 37 (8 to –13)
38 116/48 48/459 15.4 (10.5 to 20.4) 6 (5 to 10)
39 14/80 4/74 12.1 (1.8 to 22.4) 8 (4 to 54)
Subtotal 600/1410 432/1374 10.5 (7.1 to 13.9) 10 (7 to 14)
(pooled
estimate)

NOTE. Values in parentheses are 95% confidence intervals.

*Proportions of people who showed benefit at follow-up.
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to prevent one bad outcome. It is the inverse of the risk difference. In
this example, the NNTs of single studies ranged from 6 to 61 and all
results favored intervention to some degree. Two studies had notably
higher NNTs (References 24 and 40).

Meta-Analyses in Practice: Examples

The following are examples of published meta-analyses. They have
been chosen because of the importance of their topics and methods. No
attempt is made to include all methods, results, and conclusions. No
attempt has been made to choose only studies that contain very com-
mon methods. A reviewer may find terms and methods that are unfa-
miliar unless he or she is familiar with the methods used in the all
social, behavioral, and health sciences. The examples below have been
selected because they illustrate important points about the conduct and
review of meta-analyses.

Example 1. A Meta-Analysis of the
Effect of Estrogen Replacement

Therapy on the Risk of Breast Cancer11

Purpose of the Review. The reviewers investigated the impact of dura-
tion of estrogen replacement therapy on the risk of breast cancer.

Methods. The authors conducted an electronic search supplemented
by studies referenced in bibliographies and recommendations of
experts. Two reviewers applied explicit inclusion and exclusion
criteria and negotiated differences in conference. Three epidemiol-
ogists reviewed the methods in studies that met the eligibility
standards. A score was assigned to each study based on its method-
ological properties. The results were pooled separately for high-,
medium-, and low-quality studies. To quantify the effect of estro-
gen replacement therapy on breast cancer risk, the reviewers
combined “dose-response” slopes of the relative risk of breast
cancer against the duration of estrogen use. (A dose-response
curve refers to a representation of the extent to which risk increases
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with an increased “dose” or in this case, duration of “exposure” to
estrogen replacement therapy. A dose-response slope refers to the
average change in the log relative risk for breast cancer associated
with the use of estrogen for 1 month). Using the summary dose-
response slope, the reviewers calculated the proportional increase
in risk of breast cancer for each year of estrogen use.

Results. The meta-analysis found that for women who experienced
any type of menopause, risk did not appear to increase until after
at least 5 years of estrogen use. After 15 years of estrogen use,
the reviewers found a 30% increase in the risk of breast cancer.

Conclusions. Although the overall benefit of estrogen replacement
after menopause may outweigh the risks for some women, the
analysis supports a small but statistically significant increase in
breast cancer risk due to long-term estrogen use. Further studies
are needed to determine whether the risk of breast cancer due
to estrogen use differs in perimenopausal and postmenopausal
women, whether different estrogen preparations affect breast can-
cer risk differently, and whether progestin use affects breast can-
cer risk. Family history may also be an important consideration.

Example 2. The Relationship Between
Dietary Sodium Restriction and Blood Pressure12

Purpose of the Review. The review was performed to find out whether
restricting dietary sodium (salt) lowers blood pressure in people
with high blood pressure and also with normal blood pressure.

Methods. An English-language computerized literature search,
restricted to human studies with medical subject heading terms,
“hypertension,” “blood pressure,” “vascular resistance,” “sodium
and dietary,” “diet and sodium restricted,” “sodium chloride,”
“clinical trial,” “randomized controlled trial,” and “prospective
studies,” was conducted. Bibliographies of review articles and
personal files were also searched. Reviewers selected only trials
that had randomized allocation to control and dietary sodium
intervention groups, monitored by timed sodium excretion, with
outcome measures of both systolic and diastolic blood pressure
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selected by blinded review of the methods section. Two reviewers
abstracted the data. The reviewers conducted an electronic search
of the English language literature and supplemented it with bib-
liographies of review articles and in personal files. Eligibility
criteria included the following study characteristics: randomized
controlled trial, random allocation to treatment groups, a dietary
sodium intervention, and reporting of diastolic and systolic
blood pressure and urinary sodium excretion. Methodological
quality criteria included the adequacy of the method of random-
ization, the degree of blinding, the percentage of participants
who completed the trial, and the percentage of target sodium
achieved. The kappa statistic was to measure agreement between
reviewers, a test of homogeneity was performed, and a regres-
sion method was used to explore the sources of variation in
blood pressure effect among studies.

Results. Fifty-six studies were included. Decreases in blood pres-
sure were larger in experiments with older hypertensive individ-
uals and small and nonsignificant in trials of normotensive
individuals whose meals were prepared and who lived outside
the institution setting.

Conclusions. Dietary sodium restriction for older persons with high
blood pressure might be considered, but the evidence in the pop-
ulation with normal blood pressure does not support current
recommendations for universal dietary sodium restriction. The
reviewers also found evidence of publication bias in favor of
small studies reporting a reduction in blood pressure and signifi-
cant heterogeneity in the blood pressure response among studies.

Example 3: The Effects of Isoflavones
(soy phytoestrogens) [found in soybeans,

clover and legumes] on Cholesterol13

Purpose of the Review. To determine the effects of isoflavones (soy
phytoestrogens) on serum total cholesterol (TC), low-density
lipoprotein cholesterol (LDL), high-density lipoprotein choles-
terol (HDL), and triglyceride (TG).
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Methods. The reviewers searched the databases from ACP Journal
Club 1991 to October 2002; Cochrane Controlled Trials Register,
3rd Quarter 2002; Cochrane Database of Systematic Reviews,
4th Quarter 2002; Database of Abstracts of Reviews of Effective-
ness, 4th Quarter 2002; British Nursing Index (BNI) 1994 to
October 2002; CANCERLIT 1975 to October 2002; CINAHL
1982 to October Week 4 2002; CSA–Life Sciences Collection
1982 to October 2002; EMBASE 1980 to 2002 Week 45;
International Pharmaceutical Abstracts 1970 to October 2002;
PREMEDLINE October 27, 2002; and MEDLINE 1996 to
October Week 4 2002. We searched the keywords with Ovid
software version re16.2.0: “soy,” “soy protein,” “soybean,”
“tofu,” “phytoestrogen,” “isoflavone,” “genistein,” “daidzein,”
“formononectin,” and “biochanin A” by the method described by
Dickersin (1994). The reviewers did not restrict any languages
during the searching. Hand searching was made by retrieving rel-
evant articles from the obtained studies, and unpublished data
were obtained through contacting experts. The reviewers identi-
fied ongoing trials by searching Clinical Trials.gov, the UK
National Research Register, and Meta-register of controlled trials
on the Internet. Review Manager 4.2 was used to calculate the
pooled risk differences with a fixed effects model.

Results. Seventeen studies (21 comparisons) with 853 subjects were
included in the meta-analysis. Isoflavones tablets had insignifi-
cant effects on serum TC, 0.01 mmol/L (95% CI: −0.17 to 0.18,
heterogeneity p = 1.0); LDL, 0.00 mmol/L (95% CI: −0.14 to
0.15, heterogeneity p = 0.9); HDL, 0.01 mmol/L (95% CI: −0.05
to 0.06, heterogeneity p = 1.0); and triglyceride, 0.03 mmol/L
(95% CI: −0.06 to 0.12, heterogeneity p = 0.9). Isoflavones inter-
ventions in the forms of isolated soy protein (ISP), soy diets, or
soy protein capsule were too heterogeneous to combine.

Conclusions. Isoflavones tablets, isolated or mixtures with up to 150
mg per day, seemed to have no overall statistical and clinical ben-
efits on serum lipids. Isoflavones interventions in the forms of
soy proteins may need further investigations to resolve whether
synergistic effects are necessary with other soy components.
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Statistical Interlude

Risks and Odds

Typically, meta-anlayses rely on risks and odds to describe the like-
lihood that a particular effect will or will not take place. They are alter-
native methods for describing effects. For example, suppose that for
every 100 persons who have headaches, 20 people have headaches that
can be described as severe. The risk of a severe headache is 20/100 or
0.20. The odds of having severe headaches is calculated by comparing
the number of persons with severe headaches (20) against the number
without (100 – 20 or 80) or 20/80 = 0.25. The difference between risks
and odds is shown below.

Odds and Risks: Compare and Contrast
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Number of Persons
With Outcome Risk Odds

20 of 100 20/100 = 0.20 20:80 = 0.25
40 of 100 40/100 = 0.40 40:60 = 0.66
50 of 100 50/100 = 0.50 50:50 = 1.00
90 of 100 90/100 = 0.90 90:10 = 9.00

Because risks and odds are really just different ways of talking
about the same relationship, one can be derived from the other. Risk
converts to odds by dividing it by 1 minus the risk, and odds can be
converted to risk by dividing odds by odds plus 1.

Odds = (Risk)/(1 − Risk)
Risk = (Odds)/(1 + Odds)

When an outcome is infrequent, little difference exists in numerical
values between odds and risks. When the outcome is frequent, however,
differences emerge. If, for instance, 20 of 100 persons have headaches,
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Relative risk = Odds ratio =

Experimental risk a/(a + c) Experimental odds a/c a × d
= = =

Control risk b/(b + d) Control odds b/d b × c
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the risks and odds are similar: 0.20 and 0.25, respectively. If 90 of 100
persons have headaches, then the risks are 0.90 and the odds are 9.00.

Relative Risks (Risk Ratios) and Odds Ratios

Both risks and odds are used to describe the likelihood that a partic-
ular outcome will occur within a group (e.g., the group with or the group
without headaches). But risks and odds can also be used in comparing
groups (e.g., the experimental and control groups). When they are, you
are comparing the relative likelihood that an outcome will take place.
The relative risk expresses the risk of a particular outcome in the exper-
imental group relative to the risk of the outcome in the control group. The
odds ratio is a description of the comparison of the odds of the outcome
in the experimental group with the odds in the control group.

Relative risks and odds ratios are compared in the table below.

The Relationship
Between Relative Risk and Odds Ratio

Experimental: Control:
Selective Usual

Television Viewing Viewing Total

Violence a b a + b
No violence c d c + d
Total a + c b + d a + b + c + d

Experimental a/a + c a/c
Control b/b + d b/d
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The relative risk and the odds ratio will be less than 1 when an
outcome occurs less frequently in the experimental than in the control
group. Similarly, both will be greater than 1 if the outcome occurs more
frequently in the experimental than in the control group. The direction
of the relative risk and odds ratio (less than or greater than 1) is always
the same. The extent to which the odds ratio and relative risk deviate
from unity can be quite different. 

Combining Studies

To consider combining studies in which one of two outcomes or
effects are possible, you construct a 2 × 2 table (2 rows and 2 columns)
for each study included in the analysis. In the television-viewing study,
the table would consist of the numbers of children who do and do not
watch television and who do and do not commit violent acts.

The 2 × 2 table looks like this:

The figure is divided into the observed number of children (O) in
the experimental group with the effect (violent acts) and the expected
number (E), which is the number children who would have performed
violent acts if the experiment had not worked—that is, had no effect.

Statistically it works this way: O is equal to a, but the expected
number is (a + b) (a + c)/N, where N is the total population in the exper-
imental and control groups. The difference (O − E) is then figured for
each trial. This procedure is repeated for all i trials.

If the treatment has no effect, the difference (O − E) should differ
only randomly from zero. Thus, the grand total (GT):
GT = (Σ Oi − Ei) should differ only randomly from zero, and as N
approaches infinity, GT should approach zero asymptotically. A
nonzero GT is a strong indication that the experiment has had some
effect. The odds ratio (exp [T/V], where V is the sum of the individual
variances) is an estimate of the validity of the non-null hypothesis with
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Television No Television

Effect Viewing Viewing

Violent acts a b

No violent acts c d
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95% confidence limits being given by exponent (T/V ± 1.96/S),
where S is the number of standard deviations by which GT differs
from zero.

Some experts in the field use logistic regression to derive a “max-
imum likelihood estimator of the pooled odds ratios” (an estimate of
the relative risk). The advantages of logistic regression are the ability
to control simultaneously for the influence of study design character-
istics such as the participants’ age or health status—variables that
might be hypothesized to influence a study’s outcomes. Logistic
regression enables you to include variables such as age and health sta-
tus in the regression equation to estimate adjusted treatment effects.
These variables are independent variables (also sometimes called
covariates). When the assumption of homogeneity is rejected statisti-
cally, logistic regression can be used to search for systematic differ-
ences among studies. If the homogeneity assumption is rejected, and
the logistic models produce no convincing results to explain the basis
of the heterogeneity, some analysts recommend using a components-
of-variance analysis.

The estimated values of the treatment effect can be supplemented
with weighting techniques based on either the precision of the estimate,
the relative importance or quality of the studies in the analysis, or on a
reference population used for standardization of results.

Descriptive Review Versus Meta-Analysis

The best descriptive reviews and meta-analyses are identical in being
systematic and reproducible. They both rely on explicit search strate-
gies, unambiguous criteria for selecting pertinent, high-quality studies,
and a standardized review process. They differ, however, in how they
deal with the findings and conclusions of each study included in the
review. Descriptive reviews rely on experience and evidence in their
interpretations, whereas meta-analyses use statistical techniques to
combine study results. It is appropriate to combine results only if the
studies meet maximum, preset quality requirements. You need to know
the difference between descriptive and statistical reviews so that you
can decide which is better for your purposes.
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Summary of Key Points

• Literature reviews are used to describe current knowledge,
justify the need for and significance of new research, explain
research findings, and describe the quality of the available
research.

• Descriptive reviews rely on knowledge and experience in identi-
fying and interpreting similarities and differences in the litera-
ture’s purposes, methods, and findings. These reviews are done
when randomized controlled trials or rigorous observational
studies are scarce or unavailable.

• If randomized trials and good observational studies are available,
then a meta-analysis may be appropriate. This type of review
uses formal statistical techniques to combine the outcomes of
separate studies.

• The following are seven questions to ask when using a meta-
analysis.
1. Are the objectives of the meta-analysis clearly defined? The

objectives are the purposes of doing the analysis. Meta-analyses
have been done about subjects as diverse as school-based
smoking prevention programs, adolescent gambling disor-
ders, consumer choice and subliminal advertising, cesarean
childbirth and psychosocial outcomes, the effectiveness of
intravenous streptokinase during acute myocardial infarction,
and the use of electroshock in the treatment of depression. 

Meta-analysis is a research method, and like any such
endeavors, the objectives (research questions, hypotheses)
must come before any other activity. As a user, you need to
know the objectives of the meta-analysis to evaluate the
appropriateness of the criteria for including and excluding
articles and to determine the adequacy of the methods used
to combine studies and the soundness of conclusions.

2. Are the inclusion and exclusion criteria explicit? A literature
review—regardless of whether it is a descriptive review or
meta-analysis—is usually filtered through two eligibility
screens. The first screen is primarily practical. It is used to
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identify studies that are potentially usable in that they cover
the topic of concern, are in a respectable publication, and so
forth. The second screen is for quality, and it is used to iden-
tify the best available studies in terms of their adherence to
methods that scientists and scholars rely on to gather sound
evidence.

3. Are the search strategies satisfactory? Electronic and manual
literature searches supplemented by consultation with
experts in the field are the order of the day for all literature
reviews. In meta-analyses, it can be especially important to
make certain that data are included from ongoing studies that
have not yet been published in peer-reviewed journals. If they
are not, the analysis may fall victim to “publication bias,” a
term used to mean that a review unfairly favors the results of
published studies. Published studies may differ from unpub-
lished in that they tend to have positive findings; negative
findings or findings of no difference between groups do not
get published as frequently.

4. Is a standardized protocol used to screen the literature?
Usually two or more reviewers determine the quality of the
universe of studies. To ensure a consistent review, a screen-
ing protocol should be prepared. This means that each study
is reviewed in a uniform manner. To minimize bias, review-
ers are sometimes not told the authors’ names, the objectives
of the study, where the study was conducted, or the nature of
the interventions or programs. After each reviewer completes
the questionnaires for all studies, the results are compared
between reviewers. Usually, differences in results are negoti-
ated either by discussion between the reviewers themselves
or by a third person who is the arbitrator or “gold standard.”

5. Is a standardized protocol used to collect data? Once studies
are selected, they are reviewed and information is abstracted.
As with the screening process, valid data collection often
requires at least two reviewers using a standard protocol.

6. Do the authors justify their method of combining or “pool-
ing” results? One common underlying assumption of meta-
analytic procedures is that you can pool individual study
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results to produce a summary measure because all study
results are homogeneous and reflect the same “true” effect. If
this assumption is correct, then when the results are com-
bined, any random errors will be canceled out and one meta-
study will be produced. Another assumption is that each
study estimates a unique treatment effect and provides
greater weight to smaller studies. The two approaches are
equivalent when there is no heterogeneity of treatment effect
among studies.

7. Does the report contain results, conclusions, and limita-
tions? The results refer to the actual numbers, percentages,
odds ratios, risk ratios, confidence intervals, and other statis-
tical findings. The conclusions are inferences from the data.
The limitations are the threats to internal and external valid-
ity caused by sampling, research design, data collection, and
unexplored or unanswered research questions.
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Exercises

1. Are the following statements comparing descriptive literature reviews
and meta-analysis true or false? Explain your choice.
1a. Descriptive reviews generally rely on observational—rather than

experimental—studies.
1b. Meta-analyses produce better information than descriptive

reviews.
1c. You need to have formal training in statistics to do a meta-analysis.
1d. Meta-analyses are appropriate only in fields—such as medicine

and health—that support randomized trials or true experiments.

2. A meta-analysis was done of studies evaluating programs to improve
attendance at school. Read the abbreviated (e.g., research design,
search strategy, and quality criteria omitted for brevity) abstract of the
meta-analysis and its results. Using the information provided in the
abstract, write the results.

Objective: To improve attendance at school
Participants: The participants fell into one of four age categories: 8–10

years of age, 11–13 years, 14–16 years, 17 years and older.
Programs: Five types of programs are discussed in the literature. They

are (a) letters to parents from the principal; (b) telephone calls from
the principal; (c) educational materials for the whole family regard-
ing the importance of school attendance; (d) contracts with
students in which students agree to certain school-related behav-
iors, including regular attendance; and (e) meetings with family and
the principal or teachers.

Analysis: The odds of attending school were calculated as the propor-
tion of students in a given age category who attended school
divided by the proportion who did not attend. Odds ratios (ORs)
were calculated as the odds of attendance in the group that
received the program divided by the odds of attendance in the
control group. ORs greater than 1.0 indicated a positive effect of
the program on attendance. The estimates from individual studies
of the same type of program were tested for homogeneity—that is,
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the compatibility of the results from different studies. A statistical
method was used to pool homogeneous ORs from individual stud-
ies of the same type of intervention. Test-based 95% confidence
intervals (CIs) were calculated for the individual ORs and the
summary OR.

Results:
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Type of Program Odds Ratio 
and Age Category No. of (95% Confidence
of Participant Participants Interval)

Lettera

11–13 662 1.91 (1.30 to 2.70)

14–16 192 5.60 (2.40 to 13.60)

17 plus 883 1.69 (0.86 to 3.35)

Pooled total 1,737 2.17 (1.69 to 2.92)

Telephone

8–10 50 7.70 (1.30 to 59.30)

11–13 50 2.70 (0.74 to 10.17)

14–16 184 4.90 (1.90 to 13.30)

17 plus 424 2.10 (1.16 to 3.73)

Pooled total 708 2.88 (1.93 to 4.31)

Educational Materials

8–10 247 0.84 (0.48 to 1.46)

11–13 60 3.82 (1.00 to 15.87)

14–16 60 2.10 (0.63 to 7.19)

17 plus 50 3.27 (0.87 to 12.72)

Pooled total 417 2.91 (1.51 to 5.61)
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a. Outcome data on 8- to 10-year-olds were heterogeneous.

b. Outcome data on 8- to 10 and 11- to 13-year-olds were heterogeneous.

c. Outcome data on 8- to 10 and 11- to 13-year-olds were heterogeneous.

Write the results, using the table as your guide:
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Contractsb

14–16 123 1.36 (0.60 to 2.98)

17 plus 50 4.57 (1.19 to 18.31)

Pooled total 173 1.89 (1.04 to 3.45)

Meetingsc

14–16 195 1.46 (0.79 to 2.71)

17 plus 2,055 1.66 (1.35 to 2.04)

Pooled total 2,250 1.64 (1.36 to 1.98)
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ANSWERS

1a. False. Descriptive reviews rely on both observational and experimental
studies.

1b. False. Meta-analysis and descriptive reviews depend on the quality of
data available and on the expertise with which the data are handled.
It is possible to have an excellent descriptive review and a terrible meta-
analysis. In theory, meta-analysis may have the edge over descriptive
reviews because of the logical proposition that the power of several
excellent, but relatively small, studies is likely to be greater than the
power of all but the most elegant and sweeping true experiment.

1c. True. You must have formal training in statistics to do a meta-analysis.
You do not need to be a formally trained statistician to understand a
meta-analysis. Having knowledge of the logic of statistics and also
understanding how to interpret statistical data are essential, however.

1d. False. Meta-analysis is appropriate in all fields. It often cannot be done
because in many fields, the available research is not experimental,
does not focus on outcomes, or does not adequately describe a study’s
methods and findings. Research methodology has received a great
deal of attention in health and medicine. So has meta-analysis as a
research method.

2. Results: Letters to parents proved effective in improving school atten-
dance among children aged 11 and older (pooled OR, 2.2; 95% CI, 1.7
to 2.9). Telephone calls were effective for all groups. The OR was 2.9
(95% CI, 1.9 to 4.3). Educational materials were also successful in
improving attendance for children of all ages (OR, 2.9; 95% CI, 1.5 to
5.6). Contracts and meetings were effective for children aged 14 to 17
plus (OR 1.9; 95% CI 1.04 to 3.5) and OR 1.64 (95% CI 1.4 to 1.9), respec-
tively. Because the results on younger children were heterogeneous in
three of the interventions, they were not included in the pooled total.

Notes
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05-Fink Research.qxd  11/1/2004  11:48 AM  Page 233



2. Huntington, J., & Connell, F. (1994). For every dollar spent: The cost-savings
argument for prenatal care. New England Journal of Medicine, 331,1303–1307.

3. Corbie-Smith, G., St George, D. M., Moody-Ayers, S., & Ransohoff, D. F.
(2003). Adequacy of reporting race/ethnicity in clinical trials in areas of health dispar-
ities. Journal of Clinical Epidemiology, 56, 416–420.

4. See Chapters 2 and 3 for a full discussion of inclusion and exclusion criteria.
5. See Chapter 1 for a full discussion of how to search the literature.
6. See Chapter 3 for a full discussion of standardized protocols.
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Meta-Analysis

If you are interested in meta-analysis, the place to learn about them
is the Cochrane Collaboration. The Web site (www.cochrane.org) pro-
vides a handbook consisting of definitions of all major terms (such as
number needed to treat [NNT], homogeneity, etc.). The site also con-
tains hundreds of meta-analyses.
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