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PREFACE

This book is best suited for professionals, teachers, and post-graduate
students in the field of psychiatry and allied fields. The main objective
of writing this book is to introduce the latest meta-analytical methods
developed and applications of suitable ones in the field of psychiatry
with real examples in estimate pattern and prevalence of schizophrenia in
India along with review of software to be used for the same in a precise
and simple manner. The book contains most of the methods developed in
meta-analysis, which are described in simple language and presented in a
systematic and chronological order so that reader can easily understand
the importance of individual methods.
Review of software: The software to be used for meta-analysis has
been reviewed in a systematic way to assist the reader in choosing the
required software. The commands of the software, namely, STATA, have
been used extensively to demonstrate the examples in detail.
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ABSTRACT
Meta-analysis can be defined as a systematic statistical method for
analyzing and synthesizing results from independent studies, taking into
account all pertinent information. Readers of narrative studies face problems such as lack of detailed description, the process that led to the review,
and hence the readers cannot replicate and verify the results and conclusions of the review. Most effective mechanism for systematic review is
to reduce bias and increase precision, by including maximum possible
number of relevant individual studies and providing a detailed description
of their strengths and limitations. Vote counting is clearly unsound, since
it ignores sample size, effect size, and research design. Meta-analysis is
trying to answer four basic questions, namely, (1) are the results of the
different studies similar and to the extent that they are similar, (2) what is
the best overall estimate, (3) how precise and robust is the estimate, and (4)
can dissimilarities be explained. Exploratory analysis, such as regarding
subgroups of patients who are likely to respond particularly well to a treatment, may generate promising new research questions. Meta-analysis
identifies areas where further studies are needed. Meta-analysis provides
robust evidence and may utilize a less biased sample of evidence. Physicians can now make decisions regarding the use of therapies or diagnostic
procedures on the basis of a single article that synthesizes the findings of
tens or hundreds of clinical studies. The Cochrane Collaboration which is
an international organization involved in preparing meta-analysis of the
effects of interventions in all aspects of health care. The science of metaanalysis is relevant to clinical and community psychiatry to evaluate the
potential errors and sources of bias and offer guidelines for evaluation. The
statistical basis of meta-analysis reached back to the 17th century wherein
astronomy and geodesy intuition and experience suggested that combinations of data might be better than attempts to choose amongst them. Metaanalysis has had critics and criticisms over the years. Most prominent of
which is publication bias, which refers to the tendency for journals and
authors not to publish articles on research that has no significant findings. There is a danger that meta-analysis of observational data produce
very precise but spurious results. The complex methods used in metaanalysis should always be complemented by clinical acumen and common
sense in designing the protocol of a systematic review, deciding what data
can be combined, and determining whether data should be combined.
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Meta-analysis provides an opportunity for shared subjectivity in reviews
rather than true objectivity. Meta-analyses are most easily performed with
the assistance of computer databases and statistical software.
1.1
1.1.1

FEATURES OF META-ANALYSIS
META-ANALYSIS

Meta-analysis can be defined as a systematic statistical method for
analyzing and synthesizing results from independent studies, taking into
account all pertinent information. By synthesizing, scrutinizing, tabulating, and perhaps integrating all relevant studies, meta-analysis allows
a more objective appraisal, which can help to resolve uncertainties when
the original research, classical reviews, and editorial comments disagree.
Meta-analysis is a scientific activity that borrows from both the expert
review and the methodology of multicenter studies (Fisher et al., 1993).
There are varieties of synonyms for meta-analysis used in the literature:
overviews, aggregates, syntheses, integration, amalgamation, pooling, and
combining. Quantitative is the heart of the meta-analysis and combining
results is an essential ingredient in meta-analysis.
1.1.2

NARRATIVE STUDIES

Traditionally, individuals often considered experts in the field who have
conducted narrative reviews of the literature, associated with a particular
field using informal and subjective methods to collect and interpret information. Readers of narrative studies face problems such as lack of detailed
description, the process that led to the review, and hence the readers cannot
replicate and verify the results and conclusions of the review.
1.1.3

SYSTEMATIC REVIEWS

Reviews being the product of a scientific process to reduce bias, to increase
precision and by providing detailed information to allow replication by
others. Most effective mechanism for systematic review is to reduce
bias and increase precision, by including maximum possible number of

4

Meta-Analysis in Psychiatry Research

relevant individual studies and providing a detailed description of their
strengths and limitations.
1.1.4

VOTE COUNTING METHODS

Once a set of studies have been assembled, a common way to review the
results is to count the number of studies reporting various sides of an issue
and to choose the view receiving the most votes. This procedure is clearly
unsound, since it ignores sample size, effect size, and research design.
1.2
1.2.1

SCOPE AND BENEFITS OF META-ANALYSIS
COMBINE RESULTS

A quantitative systematic review or meta-analysis use statistical methods
to combine the results of multiple studies.
1.2.2

HETEROGENEITY

They are trying to answer four basic questions, namely: (1) Are the results
of the different studies similar and to the extent that they are similar? (2)
What is the best overall estimate? (3) How precise and robust is the estimate? and (4) Can dissimilarities be explained (Lau et al., 1997)?
1.2.3

EXPLORATORY ANALYSIS

Exploratory analysis, such as regarding subgroups of patients who are
likely to respond particularly well to a treatment, may generate promising
new research questions to be addressed in future studies. Meta-analysis
can help us to investigate the relationship between study features and
study outcomes. One can code the study features according to the objectives of the review and transform the study outcomes to a common metric
so that comparison of the outcome is possible.
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IDENTIFICATION OF RESEARCH AREAS

Meta-analysis may demonstrate the level of adequate evidence and this
identifies areas where further studies are needed.
1.2.5

PROVIDING EVIDENCE

Meta-analysis can examine questions, provide formal standard of rigorous
for accumulating evidence from different studies, formulize the process
of policy making, increase statistical power, provide robust evidence, and
may utilize a less biased sample of evidence.
Meta-analysis, if appropriate, will enhance the precision of estimates of
treatment effects, leading to reduced probability of false negative results,
and potentially timely introduction of effective treatments.
1.2.6

BENEFITS OF META-ANALYSIS

Physicians can now make decisions regarding the use of therapies or diagnostic procedures on the basis of a single article that synthesizes the findings of tens or hundreds of clinical studies. Scientists in every field can
similarly gain a coherent view of the central reality behind the multifarious
and often discordant findings of research in their areas. Meta-analysis of a
series of small clinical trials of a new therapy often yields a finding on the
basis of which physicians can confidently begin using it without waiting
long years for a massive trial to be conducted.
1.3

SOME EXAMPLES

Sharma et al. (2003) has successfully employed meta-analytical procedures to determine the effect of inhaled steroids on bone mineral density.
Shann (1997) has employed meta-analysis to obtain evidence of trials of
prophylactic antibiotics for children with measles for adequate evidence.
The meta-analysis (Gupta and Gupta, 1996; Gupta, 1997) was performed
to determine the time trend in the prevalence of coronary heart diseases in
India and age and gender specific changes.
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The Cochrane Collaboration which is an international organization
involved in preparing maintaining and disseminating highly structured,
frequently updated, and good quality systematic reviews and meta-analysis of the effects of interventions in all aspects of health care (Cochrane
Injuries Group Albumin Reviewer, 1998; Kennedy et al., 2002; Olsen and
Gotzsche, 2001).
The national library of medicine defines meta-analysis as a quantitative
method of combining the results of independent studies and synthesizing
summaries and conclusions, which may be used to evaluate therapeutic
effectiveness, plan new studies, etc. with application chiefly in the areas of
research and medicine.
Meta-analyses are based on trials of parallel group design, but some
trials assessing the treatment of interest may use other designs. This is
particularly the case in certain chronic diseases whose treatment is often
evaluated by cross over-trials; typical examples include hypertension,
asthma, or rheumatic diseases. Parallel and cross-over trials both provide
estimates of the same treatment effect (Curtin et al., 2002a,b).
Laird and Ware (1982) have discussed the random effects model for
longitudinal data on health effects of air pollution. Malhotra et al. (2001)
have conducted a meta-analysis of controlled clinical trials comprising
low-molecular-weight heparins with unfractionated heparin in unstable
angina. Pavia et al. (2003) have carried out a meta-analysis of residential
exposure to radon gas and lung cancer. Ezzat et al. (2004) have carried
out a systematic review on the prevalence of pituitary adenomas. Gisbert
et al. (2003) have carried out a systematic review and meta-analysis to
determine prevalence of hepatitis C virus infection in porphyria cutaneatarda. Devereaux et al. (2002) have carried out meta-analysis of studies
comprising mortality rates of private for-profit and private for nonprofit
hospitals.
1.3.1

PSYCHIATRIC RESEARCH

The science of meta-analysis is relevant to clinical and community psychiatry to evaluate the potential errors and sources of bias and offer guidelines
for evaluation. Meta-analysis is a specific technique that was developed in
social sciences, but was soon adapted as a fundamental tool in psychiatric
research with a number of aims.
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The relevance of meta-analysis to psychiatry stems from one of the
earliest meta-analyses ever undertaken, which evaluated efficiency
of various forms of psychotherapy. Since the 1980s, meta-analysis has
increasingly appeared in the medical literature, and scarcely a month now
passes without the publication of a meta-analysis of relevance to clinical
psychiatry in general medical journals or in mainstream psychiatric literature (Tharyan, 1998).
Whitehead (1997) has applied a prospectively planned cumulative meta-analysis to a series of concurrent clinical trials. Meta-analysis
permits investigation of generalizability and consistency, improved transparency of methodology, and enhance reproducibility in psychiatry fields.
Harrison et al. (2003) have carried out a meta-analysis to answer the
question whether brain weight is decreased in schizophrenia patients and
concluded that the brain weight is slightly, but significantly, reduced in
schizophrenia, consistent in duration and magnitude with MRI volumetric
findings.
Based on fitting a model to the funnel plot, Shi and Copas (2004)
have discussed a method for random-effects sensitivity analysis that deal
with the problems of heterogeneity and publication bias and applied on
the effect of alcohol on the risk of breast cancer. Hall and Roter (2002)
have conducted a meta-analysis to answer a question: Do patients talk
differently to male and female physicians. Reynolds et al. (2003) have
carried out a meta-analysis and concluded that heavy alcohol consumption increases the relative risk of stroke while light or moderate alcohol
consumption may be protective against total and ischemic stroke.
Ananth et al. (1999) have applied meta-analysis of observational
studies on incidence of placental abruption in relation to cigarette smoking
and hypertensive disorders during pregnancy and concluded an increased
associationship.
Herbert and Cohen (1993) have conducted a meta-analysis and
concluded that clinical depression was associated with several large alterations in cellular immunity.
The meta-analytical approaches have wide applications in making
diagnosis, deciding on the course and method of treatment, predicting the
outcome of treatment, and determining the course of mental disorders in
order to prevent them.
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HISTORICAL BACKGROUND

The statistical basis of meta-analysis reached back to the seventeenth
century wherein astronomy and geodesy intuition and experience suggested
that combinations of data might be better than attempts to choose amongst
them.
In 1904: Professor Karl Pearson reported the use of formal techniques
to combine data from different studies. G. V. Glass set up a process for
synthesizing research studies that used statistical methods, including the
use of probabilities and effect sizes, for aggregating results.
Late 1970: Two other coherent methods have been formulated as elaborations of Glass’s approach. These five separate and coherent methods
are Glassian meta-analysis, study effect meta-analysis, combined probability meta-analysis, meta-analysis using approximate data pooling with
tests of homogeneity, and meta-analysis using approximate data pooling
with sampling error correction. They indicate the present moment in the
continuing evolution of review methodology and can be distinguishable
on four factors: purpose, unit of analysis, treatment of study variation, and
products of the meta-analysis (Glass, 2000).
In 1976: The same year, that Glass (1976) first coined the term “Meta
analysis,” Rosenthal published his book “experimental effects in behavioral research,” and Schmidt and Hunter were working on a validity
generalization technique. These three concurrent efforts established three
distinguishable meta-analytic approaches.
In 1984: Hedges and Olkin (1984) have extended the logic of nonparametric estimators of effect sizes in meta-analysis.
In 1989: Alexander et al. (1989) have developed statistical and empirical examination of the chi-square test for homogeneity of correlations in
meta-analysis. From the statistical point of view, meta-analysis is a straight
forward application of multifactorial methods (Blend, 2000).
In 1990: The foundation of Cochrane Collaboration facilitated
numerous developments (Egger et al., 2001). Researchers have answered
the difficulty by supporting methods to test the statistical significance of
results combined from separate experiments. They sought ways to combine
probability values from tests of significance.
In 1995: Stewart et al. (1995) have conducted a meta-analysis of
published studies to identify factors, which explained variation in estimates of migraine prevalence.
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In 1997: Todd (1997) has investigated the effect of incorporating one
or more sequential trials into a meta-analysis otherwise consisting of fixed
sample size trials.
In 2002: Satagopan et al. (2002) have applied meta-analysis in the estimation of cure, relapse, and success rates of short-course chemotherapy in
the treatment of pulmonary tuberculosis.
In 2005: Reddy and Hanji (2005) have reviewed the application of
meta-analysis in mental health care research.
Meta-analysis is an increasingly popular method for conducting a
research review. Because of its quantitative basis, meta-analysis forces
reviewers to make explicit a range of decisions that might pass unnoticed
in traditional reviews. In exchange, meta-analysis makes possible a more
precise characterization of a research domain.
Atypical meta-analytic package consists of techniques for (a) combining
probabilities across studies, (b) estimating average effect size, (c) determining the stability of results, and (d) identifying factors that moderate the
outcomes of separate studies. The application of these techniques requires
careful attention to a number of potential problems, including biased selection of studies, inadequacies in the studies comprising the database for
the review, and violations of the assumptions of meta-analytic statistical
procedures. Notwithstanding these problems, a meta-analysis can advance
both theory and application because of its descriptive, diagnostic, predictive, and generative functions (Strube and Hartmann, 1983).
1.4.1

COCHRANE COLLABORATION

The Cochrane Collaboration was founded in 1993 under the leadership
of Iain Chalmers. It was developed in response to Archie’s call for up-todate, systematic reviews of all relevant randomized controlled trials of
health care. Cochrane’s suggestion that the methods used to prepare and
maintain reviews of controlled trials in pregnancy and childbirth should
be applied more widely was taken up by the Research and Development
Programme, initiated to support the United Kingdom’s National Health
Service.
In October 1995, the Collaboration formed the Cochrane Consumer
Network to incorporate patient perspectives into the review process. Shortly
thereafter, new “plain language summaries” provided users with a jargonfree synopsis of each systematic review. The Cochrane Collaboration is
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currently concentrating on capacity building in health research is individuals, groups, and institutions in low- and middle-income countries.
The collaboration formed an official relationship in January 2011 with
the World Health Organization (WHO) as a partner nongovernmental
organization with a seat on the World Health Assembly to provide input
into WHO resolutions. The collaboration is active in providing evidence
for good practice during disaster relief and humanitarian crisis through a
partnership with Evidence Aid.
The collaboration facilitates in organizing medical research information in a systematic way according to the principles of evidence-based
medicine as per the requirement of the health professionals, patients, policy
makers, and others in health interventions. The group conducts systematic
reviews of randomized controlled trials of health-care interventions, and
publishes in The Cochrane Library.
1.5
1.5.1

LIMITATIONS OF META-ANALYSIS
PUBLICATION BIAS

Meta-analysis has had critics and criticisms over the years (Eysenck, 1965).
Like most methods, it is not problem-free. Several biases and sources of
error have been identified and debated in the literature, most prominent
of which is publication bias. Publication bias refers to the tendency for
journals and authors not to publish articles on research that has no significant findings. Since the reliability of research synthesis rests on all the
effects, including those of no significance, this bias is a vital threat to the
method. This bias, however, has received quite a bit of attention (Sterne
et al., 2001).
1.5.2

GENERAL PROBLEMS

Walker (1999), after recognizing the current problems with meta-analysis,
answered his own question as to whether meta-analysis is really needed.
Yes, because there is no serious alternative for taming medical publication. Despite the problems it shares with most methods, meta-analysis
has become a well-established and accepted methodology (Moher et al.,
1999).
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WEAKNESS

The systematic differences in meta-analysis have been largely over looked.
It is time they are clarified so the limitations of this approach to research
integration can be more realistically assessed. These differences should
not be taken as evidence of some inherent weakness of meta-analysis. It
is merely a reflection of the natural evolution of a new social scientific
tool. It is rooted in the fundamental values of the scientific enterprise:
replicability, quantification, causal, and correlational analysis. Valuable
information is needlessly scattered in individual studies. The ability of
social scientists to deliver generalizable answers to basic questions of
policy is, too, serious a concern to allow us to treat research integration
lightly. The potential benefits of meta-analysis method seem enormous
(Bangert, 1986).
1.5.4

SPURIOUS RESULTS

There is a danger that meta-analysis of observational data produce very
precise but spurious results. The statistical combination of data should
therefore not be a prominent component of meta-analysis of observational studies. More is gained by carefully examining possible sources of
heterogeneity between the results from observational studies. When the
purpose of a meta-analysis is to provide estimates of specific effects, then
the criteria for inclusion would be more restrictive than if the objectives
were to model sources of variability. It is not an easy task and requires
careful thought and planning to provide accurate and useful information
(Klassen et al., 1998).
1.5.5

NEED COMMON SENSE

The complex methods used in meta-analysis should always be complemented by clinical acumen and common sense in designing the protocol of
a systematic review, deciding what data can be combined, and determining
whether data should be combined.
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NOT EASY

In observational studies that seek information on disease determinants the
use of a summary risk ratio may be contentious. The evidence available
from observational studies on the casual connection between an exposure and a disease can only be interpreted if much is known about selection, confounding, and measurement bias. That it may not be possible to
adequately take into account such biases in any individual study nor in
a consistent way across studies (Dwyer et al., 2001; Egger et al., 1998;
Stroup et al., 2000). Meta-analyses are neither quick nor easy (Berman and
Parker, 2002). Meta-analysis is an important contribution to research and
practice but it is not a panacea (Naylor, 1997).
1.5.7

MORE SUBJECTIVE

Meta-analysis provides an opportunity for shared subjectivity in reviews,
rather than true objectivity. Authors of meta-analyses must sometimes
make decisions based on their own judgment, such as when defining the
boundaries of the analysis or deciding exactly how to code moderator
variables. However, meta-analysis requires that these decisions are made
public so they are open to criticism from other scholars. Meta-analysis
is regarded as objective by its proponents but really is subjective. Metaanalysis relies on shared subjectivity rather than objectivity. While every
analysis requires certain subjective decisions, these are always stated
explicitly so that they are open to criticism.
1.5.8

USE OF COMPUTERS

Meta-analyses are most easily performed with the assistance of computer
databases (Microsoft Access, Paradox) and statistical software (DSTAT,
SAS).
1.5.9

FAIL TO REPORT

Narrative reviews are not well suited for analyzing the impact of moderating variables. Authors of narrative reviews rarely reach clear conclusions
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regarding how methodological variations influence the strength of an
effect. They also typically fail to report the rules they use to classify studies
when looking for the effect of a moderating variable.
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