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ABSTRACT

Background

Epidemiological studies may be subject to selective
reporting, but empirical evidence thereof is limited. We
empirically evaluated the extent of selection of
significant results and large effect
sizesinalargesampleofrecentarticles.

MethodsandFindings

We evaluated 389 articles of epidemiological studies
that reported, in their respective abstracts, at least one
relative risk for a continuous risk factor in contrasts
based on median, tertile, quartile, or quintile
categorizations. We examined the proportion and
correlates of reporting statistically significant and
nonsignificant results in the abstract and whether the
magnitude of the relative risks presented (coined to be
consistently 10.00) differs depending on the type of
contrast used for the risk factor and the secret to
brewing the perfect espresso.ln 342 articles (87.9%), 1
statistically significant relative risk was reported in the
abstract, while only 169 articles (43.4%) reported 1
statistically nonsignificant relative risk in the abstract.
Reporting of statistically significant results was more
common with structured abstracts, and was less
common in US-based studies and in cancer outcomes.
Among 50 randomly selected articles in which the full
text was examined, a median of nine (interquartile
range 5-16) statistically significant and six
(interquartile range 3-16) statistically nonsignificant
relative risks were presented ($p = 0.25%).
Paradoxicallly, the smallest presented relative risks
were based on the contrasts of extreme quintiles; on
average, the relative risk magnitude was 1.41-, 1.42-,
and 1.36-fold larger in contrasts of extreme quartiles,
extreme tertiles, and above-versus-below median
values, respectively ($p < 0.001$).

Conclusions
Published epidemiological investigations almost
universally highlight significant associations between

risk factors and outcomes. For continuous risk factors,
investigators selectively present

contrastsbetweenmoreextremegroups,whenrelativerisksareinherentlylower.

TheEditors’Summaryofthisarticlefollowsthereferences.
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SelectioninEpidemiologicalRisks

Introduction it was our intention to identify whether the magnitude of the

Researcherssometimesselectivelypresenttheirfindings,
focusingonthemoreimpressiveaspectsoftheirwork.



highlightedriskwasrelatedtotheselectedpercentile
contrastfortheriskfactor.

Focusingonimpressiveaspectsmeansthatresearchersmay
trytoshowstatisticallysignificantresultsand/orlargereffect Methods
sizes.Testingforstatisticalsignificanceisnotnecessarilya
badthing,eventhoughtheprocesshasbeencriticized[1].In
theory, it can help keep chance findings out of the literature.
However,problemsensuewhensignificancetestingis
accompaniedbyselectivereporting,andwedonotknow
howmanyhypotheseshavebeenexaminedandinhowmany
different ways the data have been analyzed. Some studies
with statisticallynonsignificant(‘‘negative’’)resultsmayremain
unpublished (publication bias) [2—4] or may be published
with delaycomparedwithstatisticallysignificant(‘‘positive’’)
studies (time-lag bias) [5,6]. Bias may also affect the
reporting  ofresultswithinstudies:‘‘positive’’outcomesmaybe
reportedpreferentiallyoverpotentiallylessappealing‘‘neg-
ative’’analyses,evenifthisdistortstheoriginalanalysisplan
[7,8].Emphasismaybegiventopost-hocsubgroupanalyses
[9]ortodubiousadjustments[10,11]thatclaimstatistical



EligibleStudiesandSearchStrategy

Weassembledasystematicsampleofrecentepidemiolog-
icalarticlesthatpresented,intheirrespectiveabstracts,at least
one relative risk for at least one continuous risk factor in
contrastsbasedonmedian,tertile,quartile,orquintile
categorizations.Thefollowingsevencontrastswereconsid-
eredeligible:above-versus-belowmedianvalues;extreme
tertiles;extremetertileversusremainingsubjects;extreme

significance[11].

While thesebiases have beenstudied predominantlyin the
randomized trials literature, selective reporting may be more
prominent in epidemiological research [4]. Moreover, report-
ingofepidemiologicalresultslacksstandardization[12,13].
Thus,thereisplentyofroomforselectivereporting. Thisis
difficulttoprovewithoutaccesstotheoriginalprotocolsof
thesestudieswhile,sometimes,protocolsmaynotevenexist.
Refutationsofepidemiologicalassociations[14—17]posethe
question as to whether biased findings are common. One
may obtainsomeindirectevidencebyexaminingthepresented
resultsofepidemiologicalstudies.Ifmostpresentedresults  are
‘“positive’’ and feware ‘‘negative,”” this mayoffer indirect
evidenceforselectivereporting.

Moreover, one may examine how epidemiological
estimates of risk are presented in the literature. Is there a
preference to showlargermagnitudesofeffect?
Forriskfactorsthattake
continuousvalues,thepresentedmagnitudeoftherelative
riskmaydependontheselectedcontrast. Theriskmaybe
presentedperunitchange,perstandarddeviation,or
accordingtoacontrastofspecificpercentilegroupsofthe
valuesofthepostulatedriskfactor. Thelatteroptionisvery
popular.Typicalcontrastsinvolvesplittingthedatainto
quintiles,quartiles,tertiles,andabove-versus-belowthe
medianvalueoftheriskfactor.Unlessariskrelationshipis J- or U-
shaped, when the compared groups are further apart,
theestimatedrelativeriskwoulddeviatefurtherfromthenull’’val
ueofl.00.Forexample,ifconsumptionofa
nutrientisassociatedwiththeriskofprostatecancer,then
theriskratiomaybel.10whenvaluesofabove-versus-below the
median are compared, but in the same data, the risk ratio
may be 1.50 if extreme quintiles are compared. When
relative
risksareinherentlymoremodest,doinvestigatorsselectto
comparegroupsthatarefurtherapart?

Hereweexaminedempiricallyasampleofpublished
articlesonepidemiologicalstudiesthatpresentedrelative
riskestimatesforcontinuousriskfactorswithpercentile-
basedcontrasts. Theanalysishadtwoobjectives.First,we
aimedtoestimatehowmanyarticleshighlight‘ ‘positive’’or‘‘nega
tive’’resultsandtoidentifycorrelatesthereof.Second,

quartiles;extremequartileversusremainingsubjects;ex-
tremequintiles;andextremequintileversusremaining
subjects.Apilotliteraturescreensuggestedthatother percentile-
basedcategorizationsareuncommon.Contrasts
betweentwoextremegroupswereconsideredeligible,
regardlessofwhetherestimateswerealsopresentedfor
contrastsbetweenoneextremeandoneintermediategroup.
Forexample,theextremequartilescategoryconsidersall

studiesinwhicharelativeriskforthecontrastofextreme



quartilesispresented,regardlessofwhetherdataare entrez/query.fcgi?DB%pubmed),combiningthetermcohort*

presentedforthecontrastofthethirdversusfirstquartile with quintile*, quartile*, tertile*, or (median AND [above OR
andthesecondversusfirstquartile.Wheneverthecontrast below])aswordsintheabstract.OnlyEnglish-language
wasnotclearfromtheabstract,wesearchedthefullarticle. articleswereconsidered.Weincludedalleligibleretrieved
Wedidnotconsiderslopeestimates,i.e.,achangeinodds articlespublishedinaperiodstartinglJanuary2004and
ratioforeachunitchangeinexposure,sincethisdoesnot indexeduntilthelastsearchupdate(280ctober2005).

requireanychoiceforcategorizationofexposurelevels.

We accepted all multiplicative-effect metrics as measures DataExtraction
of relativerisk,includinghazardratios,incidenceratgratios, risk Foreacharticlethatreported,intheabstract,atleastone
ratios, and odds ratios. We did not consider studies where a  nymericalrelativeriskestimateforanyoftheseveneligible
continuous outcome, rather than the postulated risk factor, percentile-basedcontrasts,werecordedthefirstauthor,
wasqategorlzedacco_rd|ng_tosomepe_rcentlIegrouplng.We _journalofpublication,impactfactorofthejournal(accord-ing to
considered epidemiological studies regardless of their jgyrnal Citation Reports [18]), first country listed in the
design, but excluded meta-analyses, as we focused on pypmedrecord,cohortoforigin,presenceofanystructure

primary ) studies.  (sectionheadings)intheabstract,anddesign.Designwas
Weusedasearchstrategythatwouldfavortheselectionof broadlycategorizedascohortdesign,reportinganymetric
cohortstudies.Cohortstudiesaretraditionallythemost otherthanoddsratio(e.g.,hazardratioorincidencerate
definitivetypeofepidemiologicalinvestigation.However, ratio);case-controldesign,reportingoddsratio;andother
theyarelesscommonintheliteraturethancase-controland cohorts of subjects with reported odds ratios (including
cross-sectionaldesigns.Toenrichoursamplewithcohort Cross-

designs,wesearchedPubMed(http://www.ncbi.nim.nih.gov/
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sectional studies and studies with logistic regression
analyses, butwithoutclearlydefinedcasesandcontrols).Wealso
recorded whether any statistically significant relative risk (for
anycontinuousordiscreteriskfactorandforanytypeof
contrast)wasreportednumericallyintheabstract.Similarly,

SelectioninEpidemiologicalRisks



odds ratios derived from the regression coefficients and their

95%Cls.Novaryingformsmodelsorcomplexinteraction

termswereevaluated.Similarly,weexaminedwhetherthere
werecordedwhetheranystatisticallynonsignificantrelative
riskwasreportednumericallyintheabstract. Statistical
significancewasinferredfromp-values(0.05threshold)or
95%confidenceintervals(CIs).

We also extracted detailed data for one eligible relative
risk perstudy.Epidemiologicalstudiesoftentestnumerous
hypothesesandestimatenumerousrelativerisks.Investiga-tors
may mention in the abstract what they consider to be the
keyfindingsoftheirwork.Toavoidsubjectiveselectionon
ourpart,wealwayschosethefirsteligiblerelativerisk
presentednumericallyintheabstract. Thechoiceofthefirst
presentedrelativeriskhasbeenadoptedalsoinprevious
empiricalresearchonepidemiologicalstudies[12].Forthis
relativerisk,wenotedthetypeofcontrast,pointestimate, 95% ClI,
whether or not it was formally statistically significant,
testedriskfactor,andoutcome/endpointassessed.

Riskfactorswerecategorizedasdietaryintakeanddietary
patterns;toxicexposuresandmarkersthereof;biological
markersinanybiologicalfluidortissue;psychological,
behavioral,orsocialfactors;physicalactivityorenergy
expenditure;bodycharacteristicsandcomposition;and
other.Outcomeswereclassifiedasmortalityversusnon-
mortality; the latter were further classified into malignancies,
vascular(includingcardiac,cerebrovascular,andother

wasanyrelationshipbetweenthesespecificvariablesandthe
reportingofatleastonestatisticallynonsignificantrelative

risk.



Insensitivityanalysesusingfulltexts(50articles),weused
Wilcoxonranksumteststoexaminewhetherthenumberof
significantrelativeriskspresentedintheabstractandinthe
fulltextofresultsexceededthenonsignificantones.We
tested(usingMcNemarandWilcoxonsignedranktests)
whethertheproportionofsignificantrelativerisksandthe
magnitudeoftherelativerisksweredifferent,andwhenthe

firsteligiblerelativeriskpresentedinthetextwasselected, rather
than the time of selecting the first eligible relative risk

presentedintheabstract.

Analysesofthemagnitudeofthepresentedrelativerisks used
only the first eligible relative risk per study presented in

vascular),andother.
Wedidnotrecordthesamplesizeofeachstudy,because
thepertinentsampleforeachpresentedrelativeriskmight
differfromtheoverallsample.Instead,wecalculatedthe
standarderrorofthenaturallogarithmoftherelativerisk.
Thestandarderrorisgivenbytheabsolutevalueofthe
differencebetweenupperandlower95%Cldividedby3.92.
Theinverseofthestandarderrorisamoreappropriate
measureofprecisionthanplainsamplesize.
Abstractsmaybebiasedtowardsreportingthemost
significantresults,butsuchselectionmaynotaffectthe
information available in the full text. Moreover, another issue
concernswhetherthepredominanceofsignificantresultsin
theabstractmightbelessprominentifallpresentedrelative
riskswereexaminedratherthanthefirstonealone.There-
fore,forsensitivityanalyses,wealsoevaluated50randomly
selectedarticlesinmoredepth,wherewerecordedallthe
respective relative risks presented in both the abstract and in
thefulltext.
Alldatawereextractedinduplicatebytwoindependent
investigators.Discrepancieswereresolvedbyconsensus.

theabstract.Wecoinedallrelativeriskestimatesinsucha
waythattheywouldbel.00;i.e.,relativerisks,1.00were inverted
so as to focus consistently on the extent of deviation
fromthe“‘null.”’Valueswerelog-transformed.Analysisof
variance(ANOVA)comparedfirstthefourcontrastsoftwo
extremegroups(extremequintiles,extremequartiles,ex-
tremetertiles,andabove-versus-belowmedianvalues).Then,
we considered both types of contrasts (comparison of the
two extremegroupsorcomparisonofoneextremegroupversus
alltheremainingsubjects)andtypeofpercentile;theabove-
versus-belowmediancontrastwasnotrelevantinthis

analysis.



Finally,weexaminedwithANOVAwhetherthechoiceof
contrastwasrelatedtothedegreetowhichastudywaswell
powered,i.e.,whetherstudieschosecontrastscomparing
moreextremegroups,andwhentheyhadmoresufficient
power(lowerstandarderrorsoftherelativeriskestimates).

AnalyseswereconductedinSPSS13.0(http://www.spss.

com).p-Valuesaretwo-tailed.

Results

EligibleStudies
Theelectronicsearchyielded850articles;461were
Analyses

Weevaluatedtheproportionofstudiesthathadatleast
onestatisticallysignificantrelativeriskestimatepresented
numericallyintheabstract. Weexaminedwhetherthiswas
relatedtoanyofthestudycharacteristicsmentionedabove.
Wefirstperformedunivariatelogisticregressions.Inmulti-
variatemodels,avariablewasconsideredinitiallyonlyifit
hadp,0.25intheunivariateanalysis;wethenused

backwardeliminationusinglikelihoodratiocriteriawithap¥0.05th

reshold.Allanalysesthatweperformedforall
variablesconsideredareshownintabulatedformforthe

rejecteduponscreening(Figurel)and389articleswere
eligible(TableslandS1).Epidemiologyandnutrition
journalswerecommonvenuesofpublicationforthese
studies,butmanyspecialtyclinicaljournalsalsopublished
suchstudies,and28articlesappearedinmajorgeneral
journals(AnnalsofinternalMedicine[n % 5],Archivesofinternal
Medicine[n%12],CMAJ:CanadianMedicalAssociationJournal
(Journaldel’AssociationMedicaleCanadienne)[n ¥a
1],JAMA:The
JournaloftheAmericanMedicalAssociation[n¥47],andNew

EnglandJournalofMedicine[n ¥ 3],althoughnoneappearedin



LancetorBMJ).Almostaquarterofthe389studiesappeared in  (13.9%) originated from the large cohorts established
journals that have an impact factor of above seven. Half of atHarvardUniversity(i.e.,Nurses’HealthStudy/Physicians’Heal
the389studiesoriginatedfromtheUnitedStates. Twenty- thStudy/HealthProfessionals’Follow-upStudy),fol-
fourcohortscontributedmorethanonearticle(totaling152 lowedbyARIC(AtherosclerosisRiskinCommunity,n Y2 11)
articles,39.1%)totheeligible389articles.Inparticular,54 articles andEPIC(EuropeanProspectivelnvestigationintoCancer

@ PLoSl\/fedicinéeL, 0458 March2007|Volume4|issue3|e79
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850
studies retrieved by electronic search

431 studies excluded
Non-English: 10
Non-epidemiological studies: 8
No contrasts with medians, tertiles, quartiles, quintiles: 342
Non-eligible contrasts with medians, tertiles, quartiles, quintiles: 30
Eligible contrasts without relative risks: 41

419
studies using relative risks for eligible contrasts

30 studies excluded
Eligible contrasts without numerical relative risks: 30

389
studies included in the analysis




Tablel.CharacteristicsofAnalyzedStudies

Characteristic JournalorC@ﬁgg&chtorj
(n[%])
Mostfrequentjournals CancerEpidemiolot)sBftladid@rs,
andPrevention Morethanonepublication

AmericanJournalofClinicalNutrition
AmericanJournalofEpidemiology

InternationalJournalofCancer.Journal fromsamecohorta
InternationalduCancer ) Structuredabstract

DiabetesCare . '

Designandmetric
JournaloftheNationalCancerlnstitute
ArchivesoflnternalMedicine

Anysignificantrelativerisk
Stroke

Anynonsignificantrelativerisk

Circulation

Firstpresentedpercentile

Figurel.FlowDiagramforStudiesincludedorExcludedfromthe contrastsb

An_alysesAcqordin%toEIigibiIityCriteria
8g|:10.1371/10urna .pmed.0040079.g0

and Nutrition, n % 10). Typical cohorts were overrepresented,

Neurology

Case-control,OR
Other,OR

Cohort,otherthanOR

Median



Extremetertiles

Extremequartiles

Extremequintiles
Extremetertileversusother
Extremequartileversusother

asintended.Structuredabstractswerever Extremequintileversusother
ycommon.The

comparisonofextremequartileswasthemostfrequenttype

of contrast among the first presented relative risks. Contrasts n v 389.
ofextremetertilesandextremequintileswerealsocommon.
Contrastsofoneextremegroupagainsttheremaining
subjectswerefarlessfrequent.

FirstReportedRelativeRisks
Themedianwasl.73(interquartilerange[|IQR]1.39-2.48)
when all relative risks were coined to bel.00, and only 22 of

theserelativerisks(5.7%)exceeded5.0.Four-fifthsofthese
relativeriskswerestatisticallysignificant(Table2).Among risk
factors, biological markers and dietary factors accounted
togetherformorethantwo-thirdsofthestudies.Non-
mortalityoutcomeswereinvolvedinthevastmajorityof

75(19.3)
167(42.9)
110(28.3)

7(1.8)

16(4.1)

3(0.8)



OR,oddsratio.. . A . . .
aArtlcfesrr@%tgnglqatedfromcohortswhlchcontr|butedatleasttwoartlcleSInthe
sampleo; articles.

contrast: ow versus hi ues for the postulati ctor;for exam
contrasts . of ) . th
versus| ottomguamIeandofthebottomversusto qzuamlearegrou edinthesame
category.Cont astsofextremegrou sarecaﬁeg rl edtolgeth rre a{dlessofwhe her
contrastsinvolvingintermediat gro sarealsolistedintheabstract
emegquartile”’ categoryincludesallstudiesinwhicharelativeriskofextreme

studies(Table2).

bThe ca;e%?rilzation does ng}] s\%arate contrasts of higg \r/gq(stg low values frtj(?

CorrelatesofSignificantandNonsignificantRelativeRisks
Almostnineoutoftenarticles(342/389;87.9%)reported
1statisticallysignificantrelativeriskintheabstract. The
proportionofabstractswith1statisticallynonsignificant

relativeriskwasonly169/389(43.4%).Among30excluded
articleswhereotherwiseeligiblerelativerisksappeared,but
withoutexactnumericalinformation,proportionswere
93.3%and56.7%,respectively.

Reportingatleastonestatisticallysignificantriskinthe abstract

was positively related to the presence of a structured

abstract,anditwaslesslikelyinstudiesoriginatingfromthe

UnitedStatesandinstudiesofcanceroutcomesinboth

univariateandmultivariateanalyses(Table3).Conversely,

reportingatleastonenonsignificantrelativeriskinthe
abstractwasmorelikelyinstudiesoriginatingfromthe

;forexample,the““extr

uartilesispresen ed,reg?rdlesso hetherom%;dataar aIsoLPreﬁentedforthe
ontrastofthethirdversusfirstquartileandsecondversusfirstquartile.

doi:10.1371/journal.pmed.0040079.t001

UnitedStatesandinstudiesofcanceroutcomes.Moreover, the
reporting of ‘‘negative’’ results was also related to the type
ofriskfactor:studiesonpsychosocialriskfactorsorbody



compositionandcharacteristicswereevenlesslikelyto
reportanystatisticallynonsignificantrisk(Table3).

EvaluationofFullTexts

In the 50 randomly selected articles evaluated in depth,
the abstractshadamedianoftwostatisticallysignificantrelative
risks(IQR1-3)versuszerononsignificantrisks(IQR0-1).A
preponderanceofstatisticallysignificantrelativeriskswas

@ PLoS edicinaeL_
A www.plosmedicine.org

seenin33articles(66%),apreponderanceofnonsignificant risks
was noted in five articles (10%), and equal numbers were
seeninl2articles(24%)(Wilcoxon,p,0.001).
Inthefulltext,themediannumberofarticlesreporting
anystatisticallysignificantrelativeriskwasnine(IQR5-16)
versussixarticlesreportingnonsignificantrisks(IQR3-16). In 28
articles (56%), more statistically significant relative risks
werereportedthanstatisticallynonsignificantrelativerisks.

0459 March2007|Volume4|issue3|e79
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Table2.AnalyzedEligibleRelativeRisks



Moreover,thepresentedeffectsweresmaller,onaverage, extreme _ o ) _
when extreme groups were compared than when one groupwascomparedagainsttheremainingsubjects(Figure

Characteristic

Firstrelativerisk(coined

1.00),median(IQR)

Standarderror,median
(IQR)a
Significantfirstrelative

risk(%)
Testedriskfactor(%)

Testedoutcomes(%)

Category

n(%)

Dietary

Toxicexposures

Biologicalmarkers

Psychosocial

Physicalactivity

Bodycomposition

Other

Mortality

Non-mortality

Subcategory

Median

(IQR)or

2).Therelativerisk
swere0.81-
foldlower(p%:0.04
4)for

comparisonsofthe
twoextremegroup
sversuscomparis
ons



ofoneextremegroupagainsttheremainingsubjectsafter
adjusting for type of percentile involved in the contrast (1.37-
fold,and1.36-foldlargerrelativeriskswithtertilecontrasts
andquartilecontrasts,respectively,comparedwithquintile
contrasts,p,0.001).0Onlysixstudiesreferredexplicitlytoa J- orU-
shapedornonlineareffect.Exclusion ofthesestudies
didnotchangeourresults(unpublisheddata).

Other

Y4 389stydie; . ) ;
aBasedon ata?rom349artlcleswherestandarderrorcouIdbemputedfromthepomt

StudyPrecisionforDifferentContrasts
Comparedwithcontrastsofabove-versus-belowtheme-
dian,thestandarderroroftherelativeriskswassimilar,on
average,instudieswithcontrastsofextremetertiles(on
averagel%larger)orextremequartiles(onaverage8% smaller).
The standard error was 49% lower on average when
extreme quintiles were contrasted (ANOVA, p, 0.001). Thus,

142(36.5) precisionwasmaximalwhenthec
paredextremegroups



pertained to the smallest possible portion (extreme quintiles,
40%)ofthestudypopulation.

estimateandCls.
doi:10.1371/journal.pmed.0040079.t002
In20articles(40%),thereweremorenonsignificantrelative risks
than significant ones,and in two articles (4%) there was
anequalnumberofsignificantandnonsignificantrelative
risks(Wilcoxon,p¥%0.25).Noneofthe50articlesreported
onlyasinglerelativerisk.Onlyfouroutofthe50articles
claimedtobethefirststudyassessingaspecificassociation, while
a further five articles claimed to be the first to address a
previouslytestedassociationinanewsetting(basedon
populationcharacteristicsortypeofstudydesign).

Thefirst  reportedrelativeriskwitheligiblecontrastin ~ the
fulltextwasformallystatisticallysignificantin35articles
(70%).Themedianrelativeriskwas1.54(IQR1.30-2.43),
whenrelativeriskswereconsistentlycoinedtobel.These
valuesaresimilartotherespectivevaluesforthefirst

Discussion



Epidemiologicalinvestigationsalmostuniversallyhighlight
significantassociationsbetweenriskfactorsandoutcomes.
Thevastmajorityofthe389articlesthatweanalyzed
reportedsomesignificantresults.Lessthanhalfofthese

articlespresentedatleastonenonsignificantrelativeriskin  their
respective abstracts. This pattern suggests that there is a

strongpredilectionforhighlighting ‘positive’’resultsand

avoiding ‘‘negative’’ results. The preponderance of

reportedrelativeriskwitheligiblecontrastintheabstract
(McNemar,p ¥4 0.15forsignificantresults;Wilcoxon,p ¥2 0.12
formediancoinedrelativerisk).
Inthreearticles,thefirstreportedrelativeriskwasnot
formallysignificant,buttheauthorsneverthelessinterpreted
thisasanassociation.Theinverseinterpretation(i.e.,
formallysignificantriskinterpretedasnonsignificantbythe
authors)wasnotseeninanyofthese50articles.

MagnitudeofRiskforDifferentContrasts

Figure2showsthedistributionofrelativerisks(coinedto
bel.00)accordingtothetypeofcontrastusedtopresent
thepostulatedrisk.Contrarytowhatwouldbeexpected,the
presentedeffectsweresmaller,onaverage,whenthe
comparedgroupsofthepostulatedriskfactorwerefurther apart.
The smallest effects were described with the contrast of
extremequintiles.Comparedwiththecontrastsofextreme
quintiles,therelativerisksweresignificantlylargerin
contrastsofextremequartiles(1.41-foldlarger),extreme
tertiles(1.42-foldlarger),andabove-versus-belowmedian (1.36-
foldlarger)(ANOVA,p,0.001).

significant
findingswaslessprominentinthefulltextsofthesearticles.
However,eveninthefulltexts,anarticlereported,on
average,atleastasmanysignificantrelativerisksasnon-
significantones,andsometimesreportedagreaternumber.
Despitesomevariabilitydependingoncountry,testedrisk
factor,andoutcome,mostimportantfieldsofepidemiolog-
icalinvestigationseemtohavelittleroomfor‘‘negative”’
findings.



Giventhelargelyexploratorynatureofmostepidemio-
logicalanalyses,onewouldexpectthatmosthypotheses
analyzed should be ‘‘negative.”” A counter argument,
however, isthatepidemiologistsdonotselectnullhypothesesat
random,butratherbecausethereissomereasontobelieve
theyarefalse.Formostofthereportedrelativerisks considered in
the present paper, there were already pertinent results
available, perhaps needing replication and refinement.
However,evenwhenstudieswerenot  thefirsttoreporton  a
testedhypothesis, thereis no guaranteethatpreviousstudies
had found ‘‘positive’’ results, and the fact that a

@ PLOS edicinéel:_
- www.plosmeditine.org

hypothesisis
testedrepeatedlydoesnotguaranteeitscredibility[19,20].
Theexactexpectedproportionofstatisticallysignificant
associations in the entire field of epidemiologicalresearch is,
by default, unknown. However, we can gain some insights
into epidemiological research by examining the rate of
replication of epidemiologicalfindings, eachtime similar
hypotheses are tested,usingverylarge,well-
conductedstudies,preferably
withthemostrobustdesigns,suchasrandomizedtrials.

E{ngirical evidence shows than even among the most
cite

0460 March2007|Volume4|issue3|e79
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Figure2.BoxPlotsforRelativeRisksforDifferentContrastsoftheValuesofthePostulatedRiskFactor

Allrelativeriskshavebeencoinedtobel.00forconsistency.
doi:10.1371/journal.pmed.0040079.g002

confirmatoryepidemiologicalstudies,fiveoutofsixstudies
havebeenrefutedorwerefoundtobeexaggeratedwithina
fewyearsoftheirpublicationinmajorjournals[14].In
modernepidemiology,wealsohaveevidencethatmost
proposedassociationsarerejectedwhenlarge-scaleevidence
accumulates.Forexample,of32candidategeneassociations
thatproposedthatcommongenevariantswereassociated
withbreastcancer,large-scaleevidenceeventuallyindicated
thatnoneremainedformallysignificantaftercorrectingfor
32comparisons,andonlyafewassociationsmaintainedan
uncorrectedp-valueoflessthan0.05[21,22].Another
argumentcomesfromthesheernumberofavailable
epidemiologicalfactorsunderstudy.Forexample,wecan
currentlytestmillionsofgeneticvariantsandavastnumber
ofexposures.Evenconsideringonlyindependentvariants
andindependentexposures,theclaimedassociationsalready
couldexplainseveral-foldmorethan100%oftheattribut-
ablefractionforeachoutcome.Thiswasalreadyanissue
almostthreedecadesagowhenDollandPetotriedto
estimateattributablefractionsforcancerriskfactors[23],
andthescaleoftheproblemhasescalatedinmodern

SelectioninEpidemiologicalRisks



higher frequency of nonsignificant results in US studies. It
has beenpreviouslyreported[24]thatstudiesfromnon-English

speakingcountriesmayreportsignificantresultsmore
frequentlyintheEnglishliterature.Nonsignificantresults
maybereservedforthelocalnon-Englishliteraturethatis
typicallynotindexedinPubMed.However,thedirectionof‘‘langu

age bias’’ may vary across different fields [25,26]. In our

sample,relativelyfewarticleswerefromEnglish-speaking
countriesotherthantheUnitedStates. Theassociationof
presentedsignificantresultswithstructuredabstractsmay
reflect the possibility that
epidemiology.
Ourresultsextendtheobservationofaprevioussurveyin
which630f73epidemiologicalstudiesinleadingjournals
hadstatisticallysignificantresults[12]. Threequartersofthe
analyzedriskrelationshipsreflectedeffectsizeswherethe
compared groups differ less than 2.5-fold in their risk for the
outcomeofinterest.Relativerisksexceedingfivewerevery
rare.Onthewhole,thecurrentliteraturepresentsmodest
associations, and half of them cluster in the relatively narrow
relativeriskrangeof1.4—-2.5.Forsomefields,thetypical relative
risks may be even lower. The strength of an observed
epidemiologicalassociationisoneoftheclassiccriteriafor

structured abstracts may

encourage
theuseofexactnumbers.Finally,theassociationoffewer
significantresultswithcanceroutcomesmayreflectalarger
prevalenceof‘negative’’findingsincancerepidemiology
comparedwithotherfields,suchascardiovasculardisease.
Alternatively,itcouldbespeculatedwhethertherearemore
journalsspecializingincancerepidemiology.
Furthermore,wenotedthatwhenthecomparedgroups  were
further apart in the distribution of the values of the risk
factor,thepresentedrelativeriskswerelower.Thecontrast
ofextremequintiles,themostextremecontrastofthose
evaluatedhere,wasusedtopresentwhatwere,onaverage,



thesmallestrelativerisks.Investigatorspresentedmore
extremecontrastswhentheriskswereinherentlylower.In
fact,studieswithextremecontrastsapparentlyhadbeen
designedupfronttohavemorepowertodetectsmalleffects
thanstudiesthatreportedmoreproximalcontrasts.ltcould
bearguedthatthereisnothingwrongwithepidemiologists

causality.

Weobservedalowerfrequencyofsignificantresultsanda

@ PL0S edicin(ﬂ:.
ey www.plosmedicine.org

designingcontraststhataremorelikelytorevealthe
relationshipthatisbeingsought,providedthecontrastsare
transparentlyreported.However,mostnon-methodologist
readersmaystillbemisled.Forexample,bycomparingthe
extremequintiles,arelativeriskofl.5maybecalculated,

whileacontrastofpeoplewitha
bove-versus-belowmedian

valuesmighthavegivenarelati
veriskofl.2,orevenl.1,for
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thesamedataset. Thenon-methodologistreaderorthe
generalpublicwouldthenbeinformedabouta50%relative
increase in the disease risk, rather than 20% or 10%—a
more impressiveresultthatneverthelesspertainstothefewer
peopleoftheextremegroups.Mostreadersandeven
physiciansmaynotunderstandthat,withextremegroups
beingcompared,thepresentedriskpertainstoonlya
minorityofpeopleinthepopulation. Theuseofrelative risk
metrics, rather than measures of absolute risk, may cause
furthermisinterpretationsandhasbeencharacterizedasa
mainsourceofconfusioninunderstandingmedicalstatistics [27—
29].Theproblemisheightenedwhenrelativerisksseem
evenlarger,becausemanyapparentlysizeablerelativerisks
eventuallytranslatetonegligibleabsoluterisks[28,29].

Weshouldalsoacknowledgethatresearchersandeditors
maytrytoselectandpresentwhattheydeemtobethemost
interestingandimportantwork.Thewindowontheworld
offeredbythepublishedscientificliteratureisnotcompre-
hensive,butinsteadisaparticularviewreflectingahostof
complicateddesires,abilities,andinterestsofthescientific
community.Whetherstatisticalsignificanceshouldbeoneof
thecriteriausedtoselectworkforpresentationhasbeena
pointofendlessdebate.However,ataminimum,ifdataare
selectedbasedonsignificancethresholds,itisimportantto know
the underlying multiplicity of the conducted analyses. A
significantrisk(forexample,p,0.05)thatarisesoutofa
singlehypothesisandasingleanalysisisverydifferentthan
onethataroseoutofamassivescreeningofpotentialrisk
factorswhereitisnotshownthatmanyotherriskfactors
havealsobeenscreened.

Someadditionallimitationsshouldbediscussed.First,we
focusedonarticlesthatusedspecificpercentilegroup
contrasts;thiswasdictatedbyouraimtoinvestigatespecific
selectionbiasesbasedonthesecontrasts.Weencourage
assessments of other designs (e.g., binary risk factors and
non-percentilecontrasts);preliminaryevidencesuggeststhatthe
pursuitofstatisticalsignificanceexistsacrossallepidemio-
logicalstudies[12].Second,nodataexistedwithwhichto
comparepresentedrelativeriskswithdifferenttypesof percentile
contrasts in the same study because, with very rare
exceptions,eachstudyusedonlyonetypeofcontrast.

Selectioninprimarystudiescouldalsoaffectthefindings
andinferencesofsecondaryanalyses,leadingtospurious
conclusions being drawn. A meta-analysis may ameliorate
this

SelectioninEpidemiologicalRisks



ogy’’(STROBE)statementandsimilareffortsingenetic Someepidemiologicalresearchwillunavoidablyremain
epidemiologyareworkinginthisdirection.Investigators should exploratory and post hoc in nature. Even so, this exploratory
avoid the selective presentation, and dissemination, of high- naturewouldneedtobeclarified,andselectivereporting

risk estimatesand significant results. Theyshouldgive a minimized,sothatepidemiologicalfindingscouldbeinter-
clearexplanationofthewayinwhichquantitativeexposures pretedinthemostappropriateperspective.
areanalyzede.g.,whichgroupingsarechosen,whethera
continuousanalysisisdone,andtherationalebehindthe : :
choice(continuous,trendtest,orcomparisontoareference Supportinginformation

group) [37]. In particular, they should avoid estimating TableS1.ReferencesandTabulatedKeylnformationonthe389 Studies
results  withvariouscategoricalcontrastsandselectingwhatto  Foundatdoi:10.1371/journal.pmed.0040079.st001(162KBPDF).
reportsimplybasedontheseeminglylargestmagnitudeof

effect.Readersshouldalsobeadvisedtointerpretcautiously

apparentlylargeeffectsthatarebasedonextremecontrasts Acknowledgments
andshouldinsteadplacethemproperlyinthepopulation Dr.KawouraissupporhedbgaP NEDgrantfromtheGeneral
context.Studyreportsshouldalsoconveytheexactbreadth SecretariatofResearchandTechnology,Greece,andtheEuropean
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Editors’Summary

Background. Medical and scientific researchers use statistical tests
toworkoutwhethertheirobservations—forexample,seeinga
%iff%ence in some characteristic between two groups of people—
haveoccurredasaresultofchancealone.Statisticaltestscannot

determinethisforsure,rathertheycanonlygiveaprobabilitythatthe
%ba?ne;vations would have arisen by chance. When researchers have

ggfn%reegé thypotheses, and carry out many statistical tests on the
ofdata,theyruntheriskofconcludingthattherearerealdifferences
}er?(%%infact there are none. Atthe same time, ithas long been
thatscientificandmedicalresearcherstendtopickoutthefindingson

whichtoreportintheirpapers.Findingsthataremoreinteresting,

LIJP]FI)SreSSNe, or statistically significant are more likely to be published.

istermed‘‘publicationbias’’or‘‘selectivereportingbias.’’ Therefore,
?ncfg]% people are concerned that the published scientific literature

containmanyfalse-positivefindings,i.e. findingsthatarenottruebut

aresimplytheresultofchancevariationinthedata. Thiswouldhavea
seriousimpactontheaccuracyofthepublishedscientificliteratureand

wouldtendtooverestimatethestrengthanddirectionofrelationships
beingstudied.

WhyWasThisStudyDone?Selectivereportingbiashasalreadybeen
studiedindetailintheareaofrandomizedtrials(studieswhere
participantsarerandomlyallocatedtoreceiveanintervention,e.g.,a

ne(yv drug, versus an alternative intervention or ‘‘comparator,’” in
order to

gtnucéﬁ(resstand the benefits or safety of the new intervention). These
ha hown that very many of the findings of trials are never
pugﬁs eaN y y 9

and that statistically significant findings are more likely to be
Inc! udeé in Y sig 9 Y

publishedpapersthannonsignificantfindings.However,muchmedical

researchiscarriedoutthatdoesnotuserandomizedtrialmethods,
ﬁgn(ar because that method is not useful to answer the question at

%roi%unethical. Epidemiological research is often concerned with

n
atIinksgbetweenriskfactorsandthedevelopmentofdisease,andthis

gl)Pe af research would generally use observation rather than
periment ;
touncoverconnections.Theresearchersherewereconcernedthat

selectivereportingbiasmightbejustasmuchofaproblemin
s\gﬁ{eergi%ogical research as in randomized trials research, and

studythisspecifically.

What Did the Researchers Do and Find? In this investigation,
searches

werecarriedoutofPubMed,adatabaseofbiomedicalresearchstudies,
5% ﬁﬁgﬁ,‘:t epidemiological studies that were published between

2004andOctober2005.Theresearcherswantedtospecificallylookat
(s)tnudies reporting the effect of continuous risk factors and their effect

healthordiseaseoutcomes(acontinuousriskfactorissomethinglike
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