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TutorialsinClinicalResearch:PartlV:

RecognizingandControllingBias

JamesM.Hartman,MD;JamesW.Forsen,Jr.,MD;MarkS.Wallace,MD;J.GailNeely, MD,FACS

Objective: This is the fourth of a series of Tutorials  ouisMO63110,U.S.A.E-mail:jgneely@aol.com
in Clinical Research.1-3 The objectives of this article
are to heighten reader awareness of biases and of .
methods to reduce their impact and to provide an easy ~L-aryngoscopeli2:January2002
reference document for the reader during future journal
reading. Study Design: Tutorial. Methods: The authors
met weekly for 4 months discussing clinical research
articles and biases and the secret to brewing the
perfect espresso for which they might be at risk.
Liberal use of reference texts and specific articles on
bias were reviewed. Like the example by Sackett,
biases were catalogued to create an easily understood
reference. Articles were chosen to demonstrate how
understanding bias might facilitate assessment of the
validity of medical publications. Results: The article is
not organizzed into three main sections. The first
section introduces specific biases. Two tables serve as
rapid reference tools. The second section describes the
most common biases linked to specific research
approaches and reviews techniques to minimize them.
The last section demonstrates the application of the
information to an article in a manner that can be
applied to any article. Conclusions: Assessing the
validity of a medical publication requires an
awareneness of bias for which the research is
inherently at risk. A review of the publication to
determine what steps the authors did or did not
undertake to minimize the impact of biases on their
results and conclusions helps establish the validity.
This article should be of assistance in this critical
review task. Key Words: Bias, confounding factors,
research/methods, research design, clinical protocols.
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INTRODUCTION

Biasmeansobliqueorslanted.sBiasreferstothe
unintentionallyrandomorsystematic,orworse,thewill-
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ful, distortion of truth. In comparative research, each com-
ponentoftheresearchmodel(baseline,maneuver,and
outcome)mustbesimilarorsimilarlymeasured,except for the
variable being compared. If the components are not
similar,thecomparisonisslanted,orbiased.s

Additionally,biasessumtocompoundthedistortion of truth
as the research moves along the pathway from the
baselinestatetoultimatepublicationanditsreading.s

Practicing medicine leads to more questions than one
can answer; but the important questions must be pursued
withefficiency.Understandingwhattypesofstudiesare
requiredtoanswerspecificquestionsandhowtosearch for key
papers are great places to start. However, to avoid
erroneousconclusions,thepapersfoundmustbeevalu-
atedforvalidity.

Arapidmeansofassessingvaliditybeginsbyantic-ipating
specific biases that might influence the results and
bydeterminingiftheauthorsacknowledgedandat-tempted  to
control these biases in the design, conduct, and
analysisoftheirwork. Thesignificanceofbiasliesinits
erosionofvalidityofdataandconclusions;inturnthis
promotesfalsehoodsasreality,whichifappliedtopa-
tients,mayinadvertentlyendangerthem.

Each of the major parts of an investigation are at risk
of bias, including selection of subjects, performance of the
maneuver,measurementoftheoutcome,datacollection, data
analysis, data interpretation, and even reporting the
findings.

Thepurposeofthisarticleistoassistthebusyprac-
titionerinidentifyingcommontypesofbiasesandthe
methodsusedtominimizethem.

BIASES COMMON IN CLINICAL RESEARCH

Itisworthemphasizingthatthecontrolofbiasisa
lifelong,progressiveendeavorandthattheliteraturede-
scribingmethodstominimizebiasesabounds.sHowever, a brief
awareness of specific biases and counter measures
tocontrolforthemishelpful.

Many types of biases have been described and
several namesmaylabelthesametypeofbiasamongdifferent
authors. To facilitate understanding of the different types
ofbiases, itishelpfultoprogressthroughtheresearch
process(literaturereview,baselinestate,maneuver,out-
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come,analysis,publication);eachcomponentissuscepti-
bletotheinadvertentinfluenceofbiases.Theclassic
paperbySackettwasusedasamodelforthefollowing section.7

Publication,LiteratureReview,orResearching
theTopicBiases

Reading the literature about a topic may promote an
opinionthathasarisenundertheinfluenceofseveral
possiblebiases.Withabiasofrhetoric,theconclusions may be
based on opinion rather than evidence. A one-sided
referencebiasmayoccurwhenanauthorrestrictshis
referencestopapersthatsupporthisopinions,thusthe reader
ends up with a skewed understanding of the topic. A positive
results bias slants opinions because authors and
editorsarelesslikelytopresentorpublishnegativere-
sults(TablelA).

These are just some of the ways readers may obtain a
slantedopinionaboutaspecificdiagnosticprocedure,
treatment,orothercomponentinmedicalpractice.

SelectionorSusceptibilityBiases
Selectionbiasesarealsocalledsusceptibilitybiases. These
occur when the groups to be compared are differen-
tiallysusceptibletotheoutcomeofinterest,evenbefore
theexperimentalmaneuverisperformed. Theresultant
dissimilaritiesinthebaselineattributesmayinfluence
theoutcomeindependentoftheexperimentalmaneuver. For
example, popularity bias, centripetal bias, and referral bias
may skew the sample population in certain practices
orcenterssothatthesesubjectsmightbedifferentfrom
thegeneralpopulationseeninotheroffices.
Selectionbiasesareperhapsoneofthemostimpor-tant
groups of biases. Multiple potential biases may occur
atthispoint.SeeTablelBforthelistofthesebiases
capableofinfluencingsubjectselection(TablelB).

ExposureorPerformanceBiases

Exposurebiasesarealsocalledperformancebiases.
Thesebiasesrefertothosethatrelatetoexposuresthat are
suspect of causing disease or interventions that might have
an effect on disease. For example, in proficiency bias,
theproficiencyofthesurgeonscouldbiastheresults.If
treatmentAwasdonebyagroupofskilled,experienced
surgeonsandtreatmentBwasperformedbyjuniorresi-
dents,abiasinthecomparisonoftreatmentsmightbe
expected.Poorpatientcompliance,compliancebias,can
yieldresultsthatarenottheresultoftheintervention; however,
subjects randomized to this treatment arm must
becountedashavingthetreatment.Greatcaremustbe taken in
the design of the project to determine compliance
andtoinsurecomplianceisgood. Withdrawalbiasisa serious
problem. If subjects withdraw or are lost from the study, there
is no way to know what would have happened
tothem;itcannotbeassumedthattheywillrespondlike
thosewhostayedinthestudy.Awell-designedandexe-cuted
study will expend great effort to select reliable sub-
jectsandkeeptrackofallsubjects.TablelClistsaddi-
tionalexposure/performancebiases(TablelC).
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DetectionorMeasurementBiases
Detectionbiasesarealsolabeledmeasurementbi-
ases.Biasinmeasurementofoutcomesisacommonand
seriousproblem.Likeselectionofsubjects,thisgroupof
biasesisimportant.
Becauseofstrongpropensityofexpectationbias,if the
treating or intervention physician is also the one mea-
suringtheoutcome,biasisalmostassured.ltiscrucial that the
outcome assessor is unaware of the intervention;
itisalsohelpfulthattheybeblindedtothehypothesis
understudyandconcentrateonlyonmeasuringtheout-
comeparameter(s)ofinterest.Someofthesebiasesare
reduced by the technique of double-blinding, meaning that
both the subject and the treating physician are not aware
oftheintervention;inanycase,itiscrucialthatthe outcome
assessor is blinded. The list in Table ID itemizes
anumberofwaystheoutcomemeasurementteamor
personcanbebiased(TablelD).

AnalysisorTransferBiases

Analysisbiaseshavebeencalledtransferbiases.s
Aftertheimplementationandcompletionoftheinvesti-
gation,theresultsmustbecomparedandanalyzedfor
significance.Transferringthedataintoanorganized
structureforthatanalysiscreatesopportunitiesforbi-ases. Data
dredging bias, searching through the data look-ing for
anything that might account for differences or that
mightcorrelatewithsomething,andtidying-upbias,ex-cluding
data points because they do not seem right, are all
toocommon.Anaprioridesignthatincludesdefinitions,
hypotheses,andanalysestobedoneiscrucialforavalid
study(TablelE).

InterpretationBiases

Followingdataanalysis,aninterpretationofthere-sults is
typically offered. This represents yet another step in which
biases can skew results away from the truth. For
example,cognitivedissonancebiasisalltoocommonin
theliterature.Inthisbias,theinvestigatorisconvinced
thatatreatment,pathophysiology,diagnosticprocedure,
orotherareaofinterestisbetterorworse,true,ornot true, and
despite findings to the contrary, will steadfastly
contendthathisorherpointisstillvalid. Thisisoften
seenwhenaninadequatestudyconcludeswithadmoni-
tionsfortreatmentordiagnosticmaneuversthatare wholly
unsupported by the results. All of the biases listed
inTablelFareeasilyseeninthemonthlyliterature
offerings(TablelF).

PublicationBiases
Theprocessiscomplete,exceptforpresentingand
publishing the data. This too has inherent biases because

authorsarelesslikelytosubmitnegativeresultsand
editorsarealsounlikelytopublishthem.Thesebiases,
seeninTablelA,applytotheprocessofpresentingand
publishingtheworkandinreadingtheliteratureafter
publication,asmentionedabove(TablelA).

Confounding

In the prospective studies, such as clinical trials (ran-
domizedornonrandomized)andprospectivecohortstud-
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ies, innate distortions, i.e., biases, are generally located in
andeffectspecificsitesalongtheresearchpathway.As
mentionedabove,thesebiasesarebroadlynamedforthe
siteinwhichtheyoccur;forexample,inappropriatead-
missionbias,susceptibilitybias,performancebias,detec-
tionbias,andtransferbias.However,inretrospective
studies,suchasretrospectivecohortstudiesandcase-



group,thesestudiesguardagainstbiasesthreateninga study’s

validity.sYet despite these techniques, some
ofbiasmaystillimpactRCTs.Risksevenexistafterthe

types

experiment is complete during data analysis and interpre-

controlstudies,somebiasesmaybehardertonameand

identify. Some of these biases are external to the pathway
and may affect both the maneuver and the outcome. These
biasesarecalledconfoundingvariables,orconfounders.
Becausethesearevagueindefinitionandlocation,the
investigatormustperform“areviewofsystems”onthe research
pathway for the specific project to search for any
additionalvariablesthatmightdistortthetruerelation-
shipbetweentheexposure(maneuver)andtheoutcome.s
Theseconfoundingvariablesareextraneoustothe
researchdesign,butmayinterferewiththeassociation
betweentheexposureandtheoutcome.Aconfounding
variable:1)isassociatedwiththeexposure;2)although
independentoftheexposure,itisariskfactorforthe
disease,sometimesinanoccultorpreviouslyunrecog-nized
way; and 3) is not a direct link between the exposure
andthedisease.Forexample,ifexposuretoAisbeing
investigatedtodetermineifitcausesdiseaseB,however
olderpeoplearemuchlessexposedtoAbutaremuch
morepronetogetdiseaseB,agemaybeconsidereda
confounder.Ifthestudydoesnotcontrolforage,the
confounder,exposuretoAmaybefalselyassumedtobe
thecauseofdiseaseB.s

BIASES LINKED TO SPECIFIC RESEARCH
TECHNIQUES
Thedifferenttypesofresearchapproachescanbe
arrangedinahierarchicalorder,whichisbasedonthe
easeinwhichbiasesareminimizedbythestructural

approachperse.Inthisarrangement,therandomized, controlled

trial is considered the least subject to bias. It is
followedbythecohortstudyandfinallythecase-control
study.All,however,aresubjecttoseriousbiases.

The first step to minimize bias is to have a clear idea

ofthequestion,andwhatapproachisrequiredandfeasi-
bletoachievetheanswer.Thesecondstepistoprospec-
tivelydesignthestudyindetailbefore,orapriori,the
investigationisundertaken.
AshasbeenmentionedintheprecedingTutorials,
evensearchingtheliteratureisbestdonewithaclear
questioninmind,aprospectivelydesignedapproachfor
thesearch,andaclearideaofthespecificresearchap-
proachrequiredtoanswerthequestion.Thisprospective
approachtoliteraturesearchingimmediatelyhelpsmini-
mizesuccumbingtothepublication,literaturereview,
researchingthetopicbiases.o

RandomizedClinicalTrials
ArandomizedclinicaltrialRCT)isusuallythebest
approachtodetermineanewtreatmentefficacyand safety. It
prospectively compares effects of a new interven-tional

maneuver on the experimental group with a placebo
orstandardtreatmentonthecontrolgroup.Byusing

tation.Biasismorelikelytooccuratthisjunctureifthe
hypothesishasnotbeengeneratedaprioriorifthecon-
clusionsextendbeyondthequestionaddressedinthe

hypothesis.



AnexampledemonstratingthestrengthsoftheRCT
isthearticle“BellsPalsyTreatmentwithAcyclovirand
PrednisoneComparedWithPrednisoneAlone:ADouble-
Blind,RandomizedControlledTrial.”10Afterreadingthe
article,itisobviousthatselectionbias,executionofthe
treatment,andmeasuringitsoutcomehavebeenman-aged to a
degree by using a control group, randomization,
anddoubleblinding.Blindingexaminersminimizedbias
indetection.Finally,theauthors’conclusioncitesthe
findingsofthestudy.Insummary,theauthorsapplieda
regimentominimizebiasandmadeevidence-basedcon-
clusions,successfullyminimizingsomeoftheobviousbi-
asesthatmighthaveseriouslythreatenedthevalidityof
theirstudy. Thisisnottoinferthatthisisaperfect
example,butitisareasonableoneforthissurvey.

CohortStudies

Acohortstudy,bydefinitionalwaysprospectiveun-
lessotherwisestated,followsoneormoregroupsforward
overaperiodoftime.Thepurposeisoftentoidentify
exposuresoccurringinsubjectsthatmightresultina
specificoutcomeofinterest.Bynotingatemporalse-
quencebetweenexposureandoutcome,inferencesabout
causationcanbemade.

Acohortstudyreducesbiasrelativetoassessingthe
potentialcause(s)ofadiseasebecausetheoutcome(dis-

strategieslikerandomization,blinding,andacontrol
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easestatus)isunknowntotheexamineratthetimeof
exposuredocumentation.However,duringattemptsto look
retrospectively at the same question of cause by look-
ingatmedicalrecordsinaretrospectivecohort,thispro-
tectionmaybelostunlesstheexposureexamineris
blindedtotheoutcome.
Significantbiasesmayeffectcohortstudies,includ-
ingsampling,measurement,dataanalysis,andinterpre-
tationbiases.Thesemaybeminimizedbyselectinga
sampleofsubjectsthatisrepresentativeofthelarger population
at risk of the disease and by selecting a control group,
which will not receive the exposure in question but
issimilarinallotherfactors.Unbiasedandappropriate selection
of these comparison groups s difficult. Addition-
ally,limitingattritionofsubjectsisessential,asisthea
priorihypothesisregardingtherelationshipbetweenex-
posureandoutcome.
Anexampleofacohortstudywithsomegoodbias
controlandbiaserrorscanbefoundin“Developmentof
TympanosclerosisinChildrenWithOtitisMediaWith
EffusionandVentilationTubes."11
Thecohortreflectstheat-risktargetpopulation: young
children with otitis media with effusion. The inves-
tigatorsestablishedaneffectivelymatchedcontrolgroup
ofearsbyonlytreatingoneear;allthesubjectshad
bilateraleffusions.Throughcarefulselection,biasatthis

stepwasavoided.
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Thereafter, however, the study was subject to a num-
berofbiasesindetection,dataanalysis,interpretation, and
publication. The observers were not blinded to at least
thehypothesisandthemeasurementofdegreeoftympa-
nosclerosiswassubjective.Dataanalysisbecamedifficult
tofollowafterthefirstsetoftubes.Bytheendofthe 5-
yearstudy,37.8%o0fsubjectshadwithdrawnorwere
losttofollow-up;nostatementsaccountingforthemwere offered
and their missing evaluations were not considered in the
data analysis. The interpretation of data suggested
severalbiasesintheDiscussionsection.Forexample,“it seems
that tube insertion on only one occasion can induce
changeswhichareassevereasthosecausedbyinsertion
oftubesonseveraloccasions.”Nosuchcomparisonwas
madeinthepaper,sonosuchinferencecanbemade.
Anotherexampleofbiasedinterpretationsuggestedcog-
nitivedissonancebias.“Althoughfromthisstudy,tube
reinsertion may not significantly affect the development of
tympanosclerosis,theinsertionmayincreasetheother
damagetothetympanicmembrane."Theauthorsrein-
forcedtheirpositioneveninthefaceofcontradictoryor
missingevidence.

In deference to the authors, this is a difficult study to
doinanunbiasedmanner;however,withatightdesign,
suchastudycouldbevalid.

Thepurposeofthisexampleistoillustratesomeof the
subtle but important biases that can occur during the
conduct of a study and during the reading of the literature
toanswerquestions.

Case-ControlStudies

A case-control study identifies two groups of subjects
whoaresimilarbutdifferwithrespecttothepresenceor
absenceofaparticulardisorder.Caseshavethedisorder
andcontrolsdonot. Thenalookatcharacteristicsor
exposuresisundertakentoseeifthetwogroupsdifferby
someputativecauseofthedisorder.Thisallowsinfer-ences about
a possible relationship between exposure and outcome.

This method of study is prone to many sources of bias
andislessabletodefendagainstthem,yetoffersaprac-
ticalmeansofansweringmanyclinicalquestions.The
potentialbiasesincludeselectionbias,observationbias, and
biases from analyzing and interpreting the data. The
selectionofthecontrolsisparticularlysubjecttosubtle,
butimportantbiases.Biascanbeminimizedbycarefully
matchingcontrolstocases,applyingtheappropriateob-
servational technique identically to both groups, and gath-
ering information from both groups in the same fashion. A
carefulevaluationforpotentialconfoundingvariablesis
important.

Anexampleofacase-controlstudyisdemonstrated
in“PharyngealpHMonitoringinPatientsWithPosterior
Laryngitis.”12Thecasesconsistedofconsecutivepatients
diagnosed with posterior laryngitis after suggestive symp-
tomswerenotedandconfirmatoryphysicalfindingswere
seenonvideostroboscopy.Healthyage-matchedvolun-
teerswererecruitedbyadvertisementandwerefreeof
anyrefluxsymptomsorsigns.

Bothgroupswereexaminedbypharyngoesophageal
pHmonitoring.Bymatchingcontrolswithcases,andby

Laryngoscope112:January2002
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eliminatingfromcontrolsanyonewithrefluxsymptoms on a
guestionnaire, the authors minimize selection biases
fromthisstudy,iftheissuewastodifferentiatebetween
asymptomaticnormalsubjectsfromthecasesandifthe
questionnairewasvalidatedforthatpurpose.Onthe
otherhand,iftheissueweretodifferentiatepeoplewith
symptoms,butwithoutobjectiveevidenceoflaryngitis,
thisstrategywouldnotwork.

DatarecordedinbothgroupsincludedpHexposure
inthepharynx,proximalanddistalesophagus.Analysis
ofthedatawasperformedonlyonpHmeasurestodeter-
minestatisticalsignificance.Conclusionswerethenlim-
itedtooriginalobjectivesforwhichevidencehadbeen
collected,therebyminimizinginterpretationbias.

In summary, the investigators established an a priori
question,collectedinformationinidenticalfashionfrom cases
and controls, and drew specific conclusions based on their
data. This is not a perfect example; however, it does
servetoillustratesomeofthemethodstoreducebiases.

METHODS TO MINIMIZE THE IMPACT OF
BIASES ON RESEARCH

Alistofsomeofthespecificmethodstoavoidor
minimizebiasisdisplayedinTablell.

Searchingforbothpositiveandnegativepublished studies
and trial registries for unpublished investigations
canhelpreducepublicationbiases.

Using strict eligibility, inclusion, and exclusion crite-ria
and randomization for the allocation of maneuvers can
minimizeselectionbiases.

Exposurebiasesarediminishedbyprospectivelyes-
tablishingcriteriaforperformingtheexperimentalma-
neuverandblindingtheinvestigatorandsubjectswhen
possible.Rigorousmaintenanceofcontactwithsubjects
helpstoavoidnoncompliance,withdrawal,andlossto  follow-
upfromthestudy.

Measurementbiasescanbereducedbyprospectively
establishing detailed methods for data collection, by blind-
inginterviewerstosubjects’diagnoses,orbysolicitinga
historyofexposurebeforeadiagnosisisdetermined,and
byapplyingdetectionmethodsequallytobothgroups.
Additionally,itishelpfultoseekexposureinformation
fromindependentsources.7Requiringresponseratesof
over80%canminimizenonrespondentbias.Matchingas many
confounding variables in cases and controls in case-
controlstudieshelpsminimizebiasesaffectingtheinter-
pretationofputativecausalexposures.

Analysis biases are decreased by prospectively choos-
ingstatisticalmethodsbestsuitedtoevaluatethedata
andanalyzingtheassociationbetweenconfoundingvari-
ablesandtheresults.

Interpretationbiasescanbeavoidedbyusingoneor
morecontrolgroupsandbybasingconclusionsonthe
hypothesis-drivendatacollection.

ExampleArticleforBiasAssessment
Commonexamplesincludethelatestnewscitedby
thepress,themonthlyjournalsthatarriveonourdesks,
orthearticleshandedoutbypharmaceuticalrepresenta-
tivessupportingtheirproducts.
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TABLEII.
CategoriesofBiasandTechniquesforControl.

CategoryofBias ControlTechniques

APublicationBias
Establishsimilarnumbersofpositiveandnegativepublishedstudies7
Investigatorsshouldpresentnegativestudiesforpublicationandeditorsshouldpublishnegativestudies 7
Evaluatevalidityofstudiesbasedontheirmethodsnottheirconclusions;thenweighttheirconclusionsaccordingly 17
Searchtrialregistriesforunpublisheddata7

Identifyfundingsourcesandpossibleconflictsofinterest
BSelectionBias

Selectthemostrigorousstudydesignfeasibletoaddressthehypothesisss
Aprioricreateexplicitcriteriadefiningmethodstobeusedthroughoutthestudys,s
Randomizationremoveshumanjudgmentfromallocationtothegroupsandshouldbeusedwheneverpossibless
Createspecificcriteriaforadmissiontoevaluatethemaneuvers
Ascertainsubjects’baselinestateandclassifythembasedonthatstates
Controlgroupsshouldbesimilartotheexperimentalgroupwithrespecttovariablesthatarepredictorsofdisease incidencez1
Incase-controlstudiesbothgroupsshouldonlybecomprisedofsubjectswhohaveundergoneidenticaldiagnostic
testingandthereshouldbenodifferenceinhowexposureordiseaseinformationisgathereds,7,20
Createalistofallpossiblemeansofexposuretothemaneuverofinterestpriortotheperformanceofthemaneuver,
andthenscreensubjectsfortheseexternalexposuress
Matchoradjustforconfoundingvariablesinthetwogroupszo,7

Morethanonecontrolgroupcanbeestablished21
CExposureBias

Selectthemostrigorousstudydesignpossibletoaddressthequestions
Aprioriestablishspecificcriteriaforperformingthemaneuversz
Blindingusedinexperimentaltrialspreventsknowledgeofthemaneuversfrominfluencingtheoutcome measurementszg
Hidethehypothesisfromtheinterviewerandsubjectss

Considercreatingdecoyhypothesestodisguisethequestionofinterests

Divide the labor, i.e., someone other than the person to ascertain the outcomes must performance of the maneuvers;s

Maintainaggressivecontactwithsubjectstomaintaincompliancewiththeprotocolandtominimizeattritionfrom the studysz
DDetectionBias

Aprioriestablishexplicitcriteriaforcollectingdataonexposuresandoutcomesz
Limitanydifferencesbetweengroupsinhowinformationisobtainedaboutexposure,disease,oroutcomes
Doubleblindingsubjectsandinvestigatorswhenpossiblepreventsknowledgeofexposuresfrominfluencingthe
detectionofoutcomeeventss,z

Blindtheinterviewertothehypothesiss
Establishrigorous,rigid,formatfordataacquisition,i.e.,phrasingofquestions,methodsforrecordinganswers,etcs
Detectionproceduresshouldbeappliedequallytobothgroupss
Hidetheidentityofthesubjectsfromthedatacollectorwhenpossibles

Usearchiveddatas

Acquiredataaboutexposurefromindependentsourcesr?
Createadivisionoflaborbyhavingadifferentpersonrecorddatathanperformsthemaneuvers,s
Examineforpotentialconfoundingvariablesaffectingtheoutcomes
Maintainaggressivecontacttoavoidattritionfromthestudys

Forquestionnaires,obtainresponseratesof!80%7
E AnalysisBias

Establishapriorithestatisticalmethodsbestsuitedtoevaluatethedatas,s
Donotuseunknowndata,butdoreporthowitwasmanageds
Determinethesignificanceoftheassociationbetweenconfoundingvariablesandexposuresandoutcomess
Donotexcludeoutlyingdifficulttoexplaindatar
F Inter
reta

ion
B?as

Usecontrolgroupsforcomparisons
Baseconclusionsonthedataandlimitthemtothehypothesiss
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Recentlyapharmaceuticalrepresentativedelivered
thearticle“OnsetofActionandEfficacyofTerfenadine,
Astemizole,Cetirizine,andLoratadinefortheReliefof
SymptomsofAllergicRhinitis.”13Thisarticlewasanat-tractive
example to use in this manuscript because it was
unsolicited, came from a journal outside of otolaryngology,
andyetwasgermanetomostotolaryngologists. Thefor-mat
used to discuss this example article was to emphasize the
positive aspects of the study design and study conduct, and
to illustrate the measures to control biases. It was not
theintentiontoformallycritiquethework.

A systematic approach to assess the authors’ attention
toandcontrolofbiasesbeginswiththestatedresearch question.
They proposed to compare onset and efficacy of the
medications.Aquicklookatthemenuofresearchap-
proachestobestanswerclinicalquestionsandsomereflec-tion
on the feasibility of studying this question suggests that a
randomized, double-blind, placebo-controlled design would
be best.3The authors did use this design.

Therandomizeddesignspecificallyattemptedto
makethegroupscomparablebyhopingtorandomlydis-
tributeallofthebaselinevariablesequallybetween groups, thus
helping control for selection bias. Sometimes even
randomization fails to make the groups exactly alike.
Analyzing the baseline variables between groups to deter-
mine if significant differences were found could check this;
Tablelinanarticleisoftendevotedtothisexercise.Iln this article,
Table 1l assessed some of these variables and
foundnosignificantdifferences.

Double blinding, meaning the subjects and the inves-
tigatorwereunawareor“blinded”totheinterventional
maneuver,helpscontroldetectionbias.Thisminimizes
thenaturaltendencyofthesubjectsandoftheinvestiga-tor to
skew results toward some preconceived “better med-
icine."Becauseneitherknows,itgiveseachmedication
andtheplaceboanequalchancetorelievesymptoms,if
indeedtheydo.Theydidthis.

Theplacebocontrolwasanimportantwayofdeter-mining if
any of the medications were more effective than
nomedication.Thishelpedavoidtherapeuticpersonality
bias,expectationbias,andmeasurementbiases.

Another appropriate early question is did the funding
source influence the results? Were there conflicts of inter-
est?Thiscouldnotbeclearlydetermined.

Havingascertainedthesedesignissuesquicklyfrom
theMaterialsandMethodssectionofthearticle,greater
scrutinyrevealedadditionaleffortstominimizebiases.

Theselectionprocessisahigh-riskendeavorthere-
foreattentionwasfocusedthere.Didtheauthorsapriori
definetheselectionmethod?Wasthatselectionmethod
uniformly applied? In the example, subjects were solicited
fromallergicpatientsandbyadvertisement.Thispoten-
tiallyriskedavolunteerbias,inwhichthestudysample
mightdifferfromnon-volunteersorthepopulationat large. This
was dealt with by confirming the subjects were
representativeofthelargertargetpopulation.Inthis case,
eligible subjects were required to have a documented
clinicalhistoryofseasonalallergicrhinitisfortheprevi-
ous2years,positiveskinteststoragweedantigen,and response
to pre-study priming exposure to ragweed pollen



thesecurityoftheexposureroomreducedcontamination bias.
Executing the experimental maneuvers was the next
step in the research method and, of course, the next point
in which biases may have had impact. Critical information
centersonwhetherthedifferentmaneuverswereapplied
inidenticalfashiontoeachgroupunderinvestigation.in
theexamplestudy,eachgroupwasadministeredthetest
drugafteral-hourinductionofsymptomsbyragweed pollen in
the experiment room. In each group, the maneu-
verswereadministeredinidenticalfashion.Thishelped
controlexposurebias.
Ofll1lprimarysubjects,19didnotcompletethe study. All
were accounted for in the Results section where it was
noted that 14 left for nonmedical reasons and 5 quit
secondarytosymptomsthatweretoointolerabletocon-tinue.
However, the impact of this loss on each of the final
groupswasnotwelldelineated,increasingtheriskthat
withdrawalbiasmayhavesomeopportunitytoskewthe results.
Measuringoutcomesisalsoatriskforbiases.Inthe
example,thesubjectshadtoratetheirsymptomsand response
to treatment. This could introduce attention bias
(Hawthorne effect) and confounding bias from intersubject
variabilityininterpretingtheseverityofsymptomsand
thedegreeofresponsetotreatment. Theauthorsdidat-tempt  to
minimize the impact by “educating subjects as to
standardizedmethodsofscoringseveritylevels."These
severitylevelsweredeterminedapriori,seemedtobe
sufficiently sensitive, and seemed appropriate to the study

inaventilation-controlledroom.Exclusioncriteriaand
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question;however,nomentionwasmadeofpreviousval-
idationofthescoringmodel.
Analysisofthedataposedthenextthreatfrombi-
ases.Theanalysisshouldbeprospectivelydesignedand
hypothesis-driventoavoiddatadredgingbias.Theau-
thorsdefinedinadvancethelevelofstatisticalsignifi-
cance,therequiredpower,andthestatisticalteststhat
were to be used in
hypothesis-drivenstudy.
Finally,interpretingthedataalsoissusceptibleto  biases.
In the Discussion section of the article, the efficacy
oftheantihistamineswasranked,basedonstatistically
significantdata. Thearticleimpliedclinicallysignificant
differences, which was not fully defined by this study; this
maybeanexampleofsignificancebias.
Theveryactofpublicationitselfhassomeinherent
potentialforbiases,suchaspositiveresultsbias.The
authorsdidnotstatewhethertheywouldhavepublished
negativeresultsalone.However,totheircredit,theydid
emphasizebothstatisticallysignificantandnonsignifi-cantdata.

CONCLUSION

Clinicalexperienceisderivedfromboththepractice
ofmedicineandtheassimilationoftheliterature. That
literaturemustbeassessedforvaliditybeforebeingas-
similated;otherwise,itmaypromotemistruthsasreality
which,whenappliedtopatients,mayinadvertentlyen-
dangerthem.

the
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Therefore,anawarenessofbiasesandtheircausa-
tionshouldfacilitatetheirrecognitioninanarticle.Un-
controlledbiasesmayrenderamanuscriptinvalid.

Thetextandtableshereprovidearapidreference
toolforfutureapplicationbythereader. Theexample
sectionattheendofthepaperillustratestheapplication

ofthistoolforthevalidityassessmentofanarticle. The
next tutorial will address outcomes research.
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