


to facilitate delivery), restricting weight
gain during pregnancy (to prevent hyperten-
sion), and repeating cesareartsections rou-
tinely after a woman has had one.lo The
study also endorses some neglected prac-
tices, such as vacuum extractions (rather
than forceps), the use of corticosteroids for
women delivering premature y, and external
turning for breech births.

While some hailed the work as the most
important publication in obstetrics since
1752, others called its authors “an obstetri-
cal Baader-Meinhof gang,” a reference to
the West German terrorist group of the Cold
War era.

Any new system that challenges cher-
ished beliefs is bound to have its detractors.
Opponents of meta-analysis point to flawed
online databasesas a big impediment. The
flaws range from biased data to significant
omissions. Another objedon involves
choosing which studies to include in a meta-
analysis. Still artother is the few of some
scientists that the technique encouragesfur-
ther the practice of publishing only experi-
ments reporting positive results. Thus, “no-
effect,” or negative studies, are excluded.

Six Major Stepsto a Mets-Analysis

Joseph A. Durhtk of the Psychology De-
partment at Loyola University, Chicago,
and Mark W. Lipsey of Claremont Graduate
School have published recently A prac-
titioner k guide to meta-arralysis.12In this
useful document, they list the six major
steps necessaryin a meta-analysis and also
summarize the issues most important at
each step (Table 1).They describe eachstep
in a meta-analysis asa fink in a chain-with
the finished product only as strong as its
weakest link.

The guide states
For example, well-formulated research

questionsderived from careful scrutiny of
paststudiesareimportantto launchthemeta-
analysis,but thisstepcanbesubvertedunless
a representativeand nonblased literature
searchis conducted.Similarly, thevirtuesof
an effective literature searchare negatedif
codhtgproceduresareinsufficient to capture
the essenceof rcaearcbreportsor if inappr~
priatc statisticaltechniquesareappliedto the

data Therefore,eachandeveryaspectof the
meta-analysisis important.
The authors recommend using four search

strategies in any meta-anstlysis: manual
journal searches,examination of reference
lists from reviews and identifkd studies,
computer and manual searchesof abstract-
ing and indexing databases, and contact
with persons or organizations likely to have
produced or to know of studies.

The authors caution:
Computerizedsearches,e.g., througfr[on-

line] databases,arenotoriouslyunreliableasa
meansof identifyingrelevantliterature,espe-
cially if theresearchtopic is broad,e.g.,psy-
chotherapy,early intervention, prevention.
For instance,Weisz,Weiss,AIicke,andKtotz
(1987)used21 key word termsin their com-
puterizedsearchfor child andadolescentpsy-
chotherapystudiesand obtained1,324cita-
tions. Ultimately, only 108 studies were
includedin the meta-ansdysis,however,and
onlya portionof thesehadbeenidentifiedby
the computersearchprccedure.We discov-
ered(Durlak,Larnpman,& Wells, 1991)that
onfy one of three entries appearingin our
computer-generatedstudy lists wasrelevant
andapproximatelytwo-thirdsof therelevant
studieswerenot pickedup via the computer
search. In short, [traditional] computer
searchestend to producehigh numbersof
false~sitives (irrelevantstudiesfound)and
anuntoldnumberof falsenegativea(relevant
studies missed) depending on the area
reviewed,
The authors add that despite their limita-

tions, however, “computer database
searchesdo identify studies that are likely to
be missed by other procedures and thus
must be includd in any comprehensive
searchstrategy.”

We asked Durlak to clarify his statement
about online databasesbeing “notoriously
unreliable.” He informed us that this state-
ment was not an indictment of arty particu-
lar database.Rather, he indicated the prob-
lem is the lack of any standardizedkeyword
system to code studies entering a database.
As a result, studies of the sametopic can be
coded differently not only across but rdso
within databases.This makes it d@cult for
researchers relying on naturaf language
alone to ensure they have captured all the
relevaot literature. I won’t digress here to
explain how 1S1@’s databases augment
searchesthrough bibliogmphic coupling, etc.
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Tabfe 1: Major stepsh a meta-anrdysfsandimpmtantissuesret-wantateachstep.
1. Fonmdadng the researchquestion

2.

3.

4.

5,

6.

(a) Arespecificresearchquestions, fwmalhyputfresesurthernajmvuriablesof impurtamemsdeexplicit?
Dosuch formulations mst upnn prinr wurk in the area?

(b) Is the literature to be reviewed fully defined? Dues the defiition capture the important litmature irr the
field?

(c) Are lmtb incluaionsey sud exclusionary criteria presentedand sre such criteria reasnnrible?
Literature Search
(a) Isa representativesud unbiased sample of studies identified?
(b) Hasputeneiatpublication hiss beenestirneredby including a ssrnple of unpublished studies?
(c) Have severaldifferent methais nf searching the literature km used?
(d) Is the number nf relevant but ncamsablesauiies presented?
(e) Isa fait-safe n cakdated tn assess the rclmstness of ubtairred ftigs vis-a-vis the likelihcmd that nut all

relevant studies have been nbtaincd?
(f) Are alf the asmpled studies listed or available from the authur?
Cuding prucedurea
(a) Arc prublems in ending pmccdwes described?
(%) k the mding system avsilable on quest and dues it contairr criteria fur cudirrg @eneiaJfy confusing study

features?
(c) Have pruper estimseionsof intermtcr agreementkm conducted arrdrepmted?
Sndexof effect
(a) Hss the pnuled standard deviation teen used to calcufatc imdhidurd effects in PUP differenm meta-

Smdysea?
(b) Are rdf metfrds of csfculating effect sizesdescribed?
(c) Is the precedurefor deshng with “nurrsignificant findings” made explicit? Is incideuce of such findings

made known? Are the implication of nun.significant ftigs related to the conclusions and generafizmiuus
of the meta-amdysis?

Statistidarralyscs
(a) Are effects sdjusted for smsll sample bias?
(b) Arc outliers identified and examined fw their putenrird heuristic benefit?
(c) Hss sn appropriate unit of analysis beenused? Has one effect been calculated per cunshuct per study px

resemchquesticmtn avoid confounding impnrtant constructs in the snatyses?
(d) Are appropriate weighting prucedurcs used thmughuut the analyses?
(e) Hsa a sysremstic and defensible apprnuch becrrtaken toward analyzing differences in effect sizes?
(0 Area priori h@eses used to explnre nbtaincd diffcrcrxes in effectsacrossstuck?
@) Sssufficient mention givm tu the @cntial irrfluencc of metfmdulugiwd features?
(h) Has the mera-snslyst pqtusmf a statistical nmdel thst cnrrmtly specif%a& obtained dam?
Cuuclusious snd inte.mrrelations
(a) fJueathe meta-tiyst relate the issue of puwez to statistical findings?
(b) Are cumlusiuns restricted to the titcraturc reviewed?
(c) Isa table presenteddescribing the charderistic$ uf reviewed studies su that missing infonnatica in the

mm Ofceti important study features is apparent?
(d) Are appropriate qmdificatiurrs offered in line with the stateof the researchbeing reviewed?

Source: Durlsk J A & Lipscy M W. A practitioner’s guide tn meta-armlysis.ArnemJ. Cmumm. Psychd.
19(3):29 1-332, 1991.Reprinted with perrnissimr of Plenum press.

The growing useof meta-analysesin med-
icine and the social sciences indicates the
enthusiasm with which scientists have em-
braced this technique. However, many re-
searchersare unfamiliar with what amounts
to a fairly difticult concept to grasp. It is,
however, anevolving researchstrategy.And
it is difficult to keep abreastof the literature
on meta-analysis itself.

As mentioned earlier, meta-anrdysis has
the same general goals as most literature
reviews-that is, to summarize the results of

a particular researchare%to study how ftnd-
ings vary asa function of key characteristics
of the studies twiew~ to offer recommen-
dations for improvement, and to draw impli-
cations for policy and practice within the
researchtealm.

Many researchersare uncomfortable with
the term meta-anrdysis.13 Indeed it hasbeen
called a “junk-word” and even termed 4’ety-
mological nonsensefl Other synonymous
terms include “pooling;’ “overview” (pre-
ferred by British scientists), and “quantita-
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tive synthesis.” Actually, the ancient Greek
word for meta means “among” or “be-
tween.” In this case, however, the modem
usageof “transcending” applies, as in meta-
physics.

1S1a Useful Sourcefor Mets-Anstlysis

While I did not know it when I fmt came
to SK&F Labs in 1954 to organize Thora-
zine literature, I was involved in meta-anal-
ysis. In a sense, the term has &come the
modem metaphor for those who gave up the
laboratory to work in the computer-assisted
library-with the goal of producing similar
results.

Or course, we also know that there are
those who, in fact, maintain a balance-an
equilibrium if you will—between the lab,
the library, and the computer, to generate
new information.

Among those information scientists
whose work on integrating knowledge
closely Parallels the development of meta-
analysis, two stand out—Don Swanson of
the University of Chicago and the late Man-
fred Kochen of the University of Michi-
gan.14 Swanson has published several pa-
pers on the linkage of seemingly unrelated
information. 15-17Roy Davies of the Univer-
sity of Exeter, England, has written an
excellent paper on The creation of new
knowledge by information retrieval and
cti@ication. 18 It reviews previous work
on producing what Swanson has called “un-

discovered public knowledge.” It describes
techniques by which hidden knowledge
may be uncovered in the literature by
browsing, search strategies, and relational
indexing procedures.

I’ve been following the literature on meta-
analysis through 1S1’s weekly Reseamh
Alerf @service. If there is sufficient interes~
this could be expanded so asto create a new
Focus On: Meta-analysis, in which the in-
formation is delivered biweekly on floppy
disk. We can use KeyWords Plus ~ l%m to
augment the already extensive citation pro-
file for this emerging specialty.

In the face of a continuing swell of infor-
mation, senior investigators of all kinds
would be well advised to employ junior as-
sistants in the application of meta-analysis
to their own researchproblems. The follow-
ing article should serve to point you in the
right direction for your voyage into meta-
analysis waters.

Goodman earned his PhD in 1989 from
the Johns Hopkins School of Hygiene and
Public Health, Department of Epidetniol-
ogy. Earlier, he received an MHS from the
Department of Biostatistics (1986), an MD
from New York University School of Medi-
cine (1981), and a BA from Harvard Uni-
versity (1976).

*****

My thanksto Paul R. Ryanfor his help in
thepreparation of this introduction.
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Have You Ever Mets-Analysis You Didn’t Like?

By Steven N. Goodman, MD, MHS, PhD
Associate Editor

Annals of Internal Medicine

ABSTRACT

Mew-analysesandtheirproperplacein medicalliteratureareexplainedalongwith howtheydiffer from
traditionalliteraturereviews.Both thequalitativeandquantitativeamcctsof meta-analvsisareconsid-
eredin relationto studyingtheresultsof clinical tri

This issue [1 February 1991] includes a
meta-analysis of the useof steroids in treat-
ing chronic obstructive pulmonary disease.1
Mets-analyses such as this one command
our atiention, both because they purport to
provide a “definitive” answer to a clinical
question that has eluded other reserwchers
and because the work of those researchers,
the grist for the meta-analytic mill, is often
subject to embarrassingly intense scrutiny.
They represent a new class of article, one
that straddles the maditionsdboundmies be-
tween original research and review articles.
Because meta-analysis is a relatively new
and partially technical method, many physi-
cians find themselves unable to appreciate
the nuancesor limitations of meta-analyses
in the same way that they can appreciate
those of a traditional review or original re-
search article. Mets-anal yses therefore are
sometimes distrusted by physicians who do
not understand the statistical techniques and
resentedby researcherswho do not like see-
ing their years of effofi rapidly reducedto an
“effect size,” with the consequentelevation
of the meta-analyst to an expert in the field.
These tensions have provoked contro-
versyz-q as well as attention from the lay
press.5

The term “rneta-analysis” was coined in
1976by G1SSS6in the psychology literature,

Steven N. Goochart

and texts on the subject appeared in the
1980s.7.8The field is rapidly evolving, with
the annual number of such analyses in the
general medical literature increasing expo-
nentially; the meta-meta-analysis, evaluat-
ing the quality of meta-analysesthemselves,
also has been develo’@.g-l I

What are meta-analyses,and what is their
proper place in medical research?This qtses-
tion is best answeredbv examining the wavs
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in which they differ fmm traditionrd E-
views. Fii meta-amdysestend to be more
narrowly focused than nwiews-they usu-

ally examine a single clinical question,
which may Elate to treatmen~causation,or
the accuracyof a diagnostictest. *o@
they have a strong quantitative compo-
nent—theyattemptto pool the quantitative
resultsof several studiesto give a more pre-
ciseestimateof effectthanwould theresults
of any of the componentstudies,while still
remaining clinically meaningful and statis-
tically vrdid. Mets-amdysesaredone when
thereseemsto be a disparity amongseveral
studies’ results or when there may be an
important main or subgroupeffect that is
too small to bemeasuredaccuratelyin indi-
vidual trials.

The initial phase of a meta-anrdysisis
qualitative, with an eye toward minimizing
the bias arising from study design. In the
reportof ameta-analysis,theresearchques-
tion fiit must be posed,with no lessthor-
ough a biologic discussionthan would ap-
pear in a tradhional review. Mets-analysts
then must comb the scientific literature
comprehensivelyand systematicrdlyto find
studiesthat addressthequestion;choosean
outcomevariable that canbe assessedfrom
eachstudy;parethe list to thosestudks that
use comparable interventions and out-
comes;examinethe diffenmcesin patients,
protocols,andconfoundingvariableswithin
that lis~ assessthe “quality of information”
provided by eachstudy;anddecidehow to
adjust for and summarize each of these
many differences.Why the combinationof
studieswith possibly different patients,in-
terventions,andevenoutcomeswould have
clinical or biologic meaningmustbeclearly
explained. This qualitative componentof
meta-analysis,usually its most useful con-
tribution, is aisothecomponentthat is most
likely to be inadequate.

The quantitative part of a meta-analysis
startswith an effort to ensurethat the trials
am similar enough so their results can be
combined,thatis, astatistical‘lest of homo-
geneity,”Theoft-repeatednotion that meta-
artalysiscan resolve “conflicting” trial re-
sults is not really true; if, with a test of
homogeneity,the disparity among trial re-
sults is judged to betoo greatto havearisen

by chance,the trial results should not be
pooled. Instead,why they differ should be
explained.Only fairly dramaticdifferences
among trial outcomes,however,will result
in astatisticalverdictof heterogeneityif just
a few dials are tested, regardlessof their
size.The failure to find suchheterogeneity
thus doesnot absolve the researcherfrom
justifying biologically, by carefully examin-
ing individual trials, why the trials arecom-
binable. As Greenland12noted, “...causal
explanation of similarities and differences
amongstudyresultsis...outsidetherealmof
statisticalmeta-analysis...thestatisticsserve
as no more than a fallible pattern-recogn-
itiondevice,andexplanationof theorigin of
observedpatternsis beyondthescopeof the
device.”

The next stepin reportingameta-analysis
is giving asenseof what is beingcombined.
The individurd studyresults(with their vari-
ability) must be displayed—preferably
graphically-so that evena technicrdlyun-
sophisticatedreadercanunderstandthe es-
senceof the studiesat a glance. Callahan
andassociatesaccomplishthis goalby dis-
playing effect size as a function of study
samplesize.Graphsshowingconfidencein-
tervals for eachstudy,perhapswith studies
organizedinto importantsubgroups(for ex-
ample,by studydesignor patientcharacter-
istics),conveythis information best.

The stageis now set to do the statistical
pooling, which involves notonly summariz-
ing all of the information in the studiesinto
one number,but also examining the sensi-
tivity of the summaryresult to variousbio-
logic and methodologicassumptions.Such
examining is doneto explorethepossibility
that there are identilable subgroupsof pa-
tients or studies with different responses.
Callahan and colleagues looked for sub-
groupsby plotting outcomeagainstvarious
study characteristics.They provided oneof
thesegraphsin their report,thatof treatment
effect, plotted against initial forced expia-
tory volume in 1second,groupedby study
eligibility criteria.

Unfortunately,theeasewith which pooled
estimatescanbecalculatedhasresultedin a
torrentof meta-analysesin which thepurely
quantitative components dominate. Some
observersareconcerned,“that the study of
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previous studiesis being reducedto a rou-
tiniz.edtaskof codingrelegatedto aresearch
assistant upping outp4Nper author-month
by suppressingany role for wisdom.”2 The
expectationthat meta-analysesshouldpro-
vide “definitive results,”insteadof asynthe-
sis of existing knowledge,exacerbatesthis
problem.

A meta-analyticsummarymaynot always
be the most useful number for clinicians.
When treatingMs. Jones,the clinician may
want to focuson thesingletrial or subsetof
trials conductedin patients most like Ms.
Jones.Theinitial qualitativecomponentof a
meta-analysis shouldpresentenoughinfor-
mation aboutthe patientsand interventions
in eachstudysothat theclinician canexam-
ine the most relevanttrial or trials. For ex-
ample, Callahan and colleagues provide
suchinformation in their Table3.Lesscom-
monly usedmeta-analytictechniquesfocus
not on pooling trial results,but on modify-
ing individual trial estimateson thebasisof
the spectrum of results.13.14These tech-
niquesshouldbeusedmorefrequently.

Regardlessof thesummarynumber,meta-
analysisshould shedlight on why hial re-
sultsdiffec raiseresearchandeditorial stan-
dards by calling attention to the strengths
and weaknessesof the body of researchin
an area;and give the practitioneran objec-

tive view of the researchIiterahue,unaf-
fected by the sometimesdistorting lens of
individual experienceand personalprefer-
encethat canaffecta lessstmcttuvxlreview.
The bestmeta-amdysesknit clinical insight
with quantitative results in a way that en-
hancesboth.They shouldcombinethecare-
fid thought and synthesisof a good nwiew
with the scientific rigor of a good experi-
ment.When a sufficient numberof similar
studiesaddressa topic, a meta-analysiscan
move us closer to a quantitative “truth”;
however, the computing of weighted aver-
ages is a comparatively small pat of the
processand should not be wen as its most
importantcontribution.

WItb these caveats, Annufs welcomes
meta-analysesas quantitative reviews. We
look for thosethat addressimportant clini-
cal questions,integrate biology and num-
bersin plausibleandcreativeways,anduse
statisticsto clarify, not to obfuscate.These
arestandardsthatdo not residein equations
and that few meta-amdysesmeet.We trust
that our contributors will rise to the
challenge.

Reprinted with permission of American Calfege of
Pbysiciaus,Annals qflrrterrral Meri!cirre.
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