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Needs Assessment
Greaterthan50%ofthe760,000womenwhosufferfromaclinically
significantpostpartumpsychiatricillnesseachyeargounrecognized.
Postpartumillnessesaccountforthelargestcauseofmaternaldeath,
withsuicideratesofupto5%andinfanticideratesofnearly4%.
Becauseuntreatedmooddisordersplacethemotheratriskforrecur-
rentdiseaseandmaternaldepressionisassociatedwithdiminished
enrichmentbehavior,whichisknowntoresultinlong-termcognitive,
emotional,andbehavioralproblemsinthechild,characterizingthe
behavioralandneurobiologicalfeaturesofpostpartumdepressionis
importantforearlydiagnosisandintervention.Thisstudyaddressesa
criticalgapinthemechanisticunderstandingofpostpartumdepression
byprobingitssystems-levelneuropathophysiology,inthecontextofa
specificneurobiologicalmodeloffronto-limbic-striatalfunction.

Learning Objectives
Attheendofthisactivity,theparticipantshouldbeableto:
•Listthevariousmechanismshypothesizedtoberesponsibleforpost-

partumdepressiontodate.
•Understandtheapplicationoffunctionalneuroimagingtoward

informingclinicalandcognitivedisordersassociatedwithaffective
dysregulation.

•Comprehendkeycomponentsofthefronto-limbic-striatalnetwork
associatedwiththeneuropathophysiologyofemotionaldysregula-
tioninpostpartumdepression.

Target Audience: Neurologistsandpsychiatrists

CME Accreditation Statement
Thisactivityhasbeenplannedandimplementedinaccordancewiththe
EssentialsandStandardsoftheAccreditationCouncilforContinuing
MedicalEducation(ACCME)throughthejointsponsorshipoftheMount
SinaiSchoolofMedicineandMBLCommunications,Inc.TheMount
SinaiSchoolofMedicineisaccreditedbytheACCMEtoprovidecon-
tinuingmedicaleducationforphysicians.

Credit Designation
TheMountSinaiSchoolofMedicinedesignatesthiseducationalactiv-
ityforamaximumof3AMAPRACategory1Credit(s)TM.Physicians
shouldonlyclaimcreditcommensuratewiththeextentoftheirpartici-
pationintheactivity.

Thisactivityhasbeenpeer-reviewedandapprovedbyEricHollander,
MD,chairattheMountSinaiSchoolofMedicine.Reviewdate:October
15,2007.Dr.Hollanderdoesnothaveanaffiliationwithorfinancial
interestinanyorganizationthatmightposeaconflictofinterest.

To Receive Credit for This Activity
ReadthisarticleandthetwoCME-designatedaccompanyingarticles,
reflectontheinformationpresented,andthencompletetheCMEpost-
testandevaluationfoundonpage864.Toobtaincredits,youshould
score70%orbetter.Earlysubmissionofthisposttestisencouraged:
pleasesubmitthisposttestbyNovember1,2009,tobeeligiblefor
credit.Releasedate:November1,2007.Terminationdate:November
30,2009.Theestimatedtimetocompleteallthreearticlesandthe
posttestis3hours.

ABSTRACT
Introduction:With~4millionbirthseach

yearintheUnitedStates,anestimated760,000

womenannuallysufferfromaclinicallysignifi-

cantpostpartumdepressiveillness.Yeteven

thoughtherelationshipbetweenpsychiatric

disordersandthepostpartumperiodhasbeen

documentedsincethetimeofHippocrates,fewer

thanhalfofallthesecasesarerecognized.

Objective:Becausepostpartumdepression

(PPD),themostcommoncomplicationofchild-

bearing,remainspoorlycharacterized,anditseti-

ologyremainsunclear,weattemptedtoaddress

acriticalgapinthemechanisticunderstanding

ofPPDbyprobingitssystems-levelneuropatho-

physiology,inthecontextofaspecificneurobio-

logicalmodeloffronto-limbic-striatalfunction.

Methods:Usingemotionallyvalencedword

probes,withlinguisticsemanticspecificitywithin

anintegratedfunctionalmagneticresonance

imaging(fMRI)protocol,weinvestigatedemo-

tionalprocessing,behavioralregulation,andtheir

interaction(functionsofclinicalrelevancetoPPD),

inthecontextoffronto-limbic-striatalfunction.

Results:Weobservedattenuatedactivityin

posteriororbitofrontalcortexfornegativeversus

neutralstimuliwithgreaterPPDsymptomatology,

increasedamygdalaactivityinresponsetonega-

tivewordsinthosewithoutPPDsymptomotology,
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andattenuatedstriatumactivationtopositiveword

conditionswithgreaterPPDsymptomotology.

Conclusion:Identifyingthefunctionalneuro-

anatomicalprofileofbrainsystemsinvolvedin

theregulationofemotionandbehaviorinthe

postpartumperiodwillnotonlyassistindeter-

miningwhethertheDiagnosticandStatistical

ManualofMentalDisorders,FourthEdition

psychiatricdiagnosticspecifierofPPDhasan

associated,unique,functionalneuroanatomical

profile,butaneurobiologicalcharacterization

inrelationtoasymptomatic(postpartumnon-

depressed)controlsubjects,willalsoincrease

ourunderstandingoftheaffectivedisorder

spectrum,shedadditionallightonthepossible

mechanism(s)responsibleforPPDandprovide

anecessaryfoundationforthedevelopmentof

moretargeted,biologicallybaseddiagnosticand

therapeuticstrategiesforPPD.

CNSSpectr.2007;12(11):853-862

INTRODUCTION
Considerableevidenceexistssuggesting

thatmooddisordersaretwiceasprevalentin
womencomparedtomen.1Whilethedissocia-
tionbetweengenderandaffectivedisorderscan
befirstobservedatmenarche(priortopuberty
prevalenceisequalamongmalesandfemales),
thepreponderanceofmooddisordersoccursin
womenduringthechildbearingyears,2withpeak
lifetimeprevalenceforpsychiatricdisordersand
hospitaladmissionsforwomenoccurringinthe
first3monthsafterchildbirth.3

Postpartumdepression(PPD),themostcom-
moncomplicationofchildbearing,4isaprevalent
disorderinthespectrumofaffectiveillnessasso-
ciatedwithsignificantmorbidity.Traditionally
viewedasatimeofemotionalwell-being,the
weeksthatfollowchildbirthare,infact,more
oftenatimeofheightenedpsychicvulnerability.
Indeed,moodandbehavioralsymptomsdur-
ingthepuerperalperiodreportedlyaffectupto
85%ofallnewmothers.4Withanonsetusually
between3and14days(althoughpossiblyup
to1year5,6)postpartumsymptomsofanxiety,
exhaustion,alternatingmood,andaninability

toconcentrateareusuallyshort-lived.However,
upto20%ofallpostpartumwomenwillgoonto
developamoreseveremooddisorderthatmeets
criteriaforDiagnosticandStatisticalManualof
MentalDisorders,FourthEdition7depression
characterizedbyimpairmentinfunctioningwith
symptoms,includingneurovegetativedysregula-
tionandideationofharmtotheselforthebaby.3
Whiletheseepisodesaccountforaseven-fold
increaseinpsychiatrichospitaladmissionscom-
paredwithpre-pregnancy,8<50%ofallofthese
caseswillberecognized.

PPDisacross-culturalhealthconcernwith
significantpublichealthconsequences.Postnatal
psychiatricillnessisnotonlythelargestcauseof
maternaldeathintheUnitedKingdom(statistics
aredifficulttoobtainintheUnitedStatesdueto
currentdocumentingstandards),9,10itisassoci-
atedwithnearly60%ofallinfanticidesoccur-
ringinthefirst3monthpostpartum.11Despiteits
suspectedprevalence,PPDremainsunder-diag-
nosedandunder-treated,possiblybecausecon-
troversystillexistsabouthowtocharacterizethe
depressionthatoccursinthepostpartumperiod.
Forexample,whiletheDSM-IVutilizes“postpar-
tumonset”asamodifierdefinedasanepisode
ofdepressionwithinthefirst4weeksofchild-
birth,theAmericanCollegeofObstetriciansand
Gynecologists12definesthepostpartumperiod
asextendingfor1year.

Eventhoughnumeroustheorieshavebeen
advancedtoexplainthewell-documentedand
frequentco-occurrenceofdepressionandchild-
birth,theetiologyofPPDremainsunclear.For
example,recentresearchhassuggestedcausal
mechanisms,suchaspostpartumestrogenand
progesteroneshifts13-15thyroiddiseaseandthy-
roidantibodies,16 inflammatoryresponses,17
situationaltriggers,suchastraumaticobstetric
experiences,18lowsocioeconomicstatus,19infant
health20andpsychologicalstress.21Yet,because
thehormonalchangesobservedinchildbirth
areunprecedentedamongallotherreproductive
cycleevents,22themostprevalenttheoriesofPPD
genesisrelatetotheeffectsofsexhormoneson
brainregionsmediatingmoodandcognition.

Sexhormoneshavebeenshowntoinfluence
thecentralnervoussysteminalargenumberof
variedways,includingeffectsonneurogenesis,
gliagenesis,cellsurvival,ion-channelmodula-
tion,neurochemicalmodulation,transcription,
neuralexcitation,andneural inhibition.23-31
Unfortunately,theneuroedocrinologyofPPD
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remainspoorlyunderstoodandstudiesexplor-
ingPPDsymptomotology22,23donotseemtocor-
relatewellwithabsolutedifferencesinhormone
levelsbetweenaffectedandunaffectedwomen
withmultipleandcontradictoryfindings.Rather,
itisquitepossiblethattheobservedsymptoms
maycorrespondtodifferencesinthewaythe
centralnervoussystemrespondstovarious
(andpossiblyinteractive)hormonalandimmu-
nologicfluctuations.Nevertheless,although
brainresponsetosexhormonesinPPDpatients
appearscentraltoaneurobiologicalunderstand-
ingofPPD’spsychopathology,todate,aspecific
hormonalmechanismhasremainedelusive.

Becausetheclinicalcharacterizationandneu-
robiologicmechanismsofthisevolvingcondi-
tionremaininadequatelydefined,theaimofthis
workwastoprobeandbeginidentifyingthesys-
tems-levelneuropathophysiologyofPPD,inthe
contextofaspecificneurobiologicalmodelof
fronto-limbic-striatalfunction.Usingfunctional
magneticresonanceimaging(fMRI)methods
withspecificneuropsychologicalprobesof
emotionalprocessingandbehavioralregula-
tion(functionsofclinicalrelevancetothesymp-
tomatologyofPPD),andtheirinteraction,in
well-characterizedpatientsamples,wetested
mechanistichypothesesconcerningfronto-lim-
bic-striatalcircuitdysfunctioninPPDincompari-
sontoasymptomaticpostpartumfemalecontrol
subjects.Suchaneurobiologicalcharacterization
inrelationtonon-depressedpostpartumcontrol
subjectsishopedtoincreaseourunderstand-
ingoftheaffectivedisorderspectrumandshed
additionallightonthemechanism(s)respon-
sibleforPPD.Giventheincreasedprevalence
ofmoodandanxietydisordersinfemales,itis
alsohopedthatthisresearchwillalsoprovidea
deeperfoundationforthedevelopmentofmore
targeted,biologicallybaseddiagnosticandther-
apeuticstrategiesforPPD.

METHODS

Subjects
Participantsconsistedofeightpostpartum

women(meanage:28years).Subjectsgave
informedconsentbeforestudyparticipation(part
ofaMountSinaiMedicalCenterInstitutional
ReviewBoard-approvedprotocol).Allsubjects
wereright-handed,nativeEnglishspeakers,with
ahistoryfreeofpsychiatricdifficulty(including
antepartumdepression),headtrauma,neuro-

psychiatriccomplication,illicitsubstanceabuse,
orchemical/alcoholdependence.Nosubjects
wereactivelytakingbirthcontrolorpsychoactive
medicationatthetimeofscreeningorscanning.
TheStructuredClinicalInterviewforDSM-IVAxis
IDisorders33wasusedtoensurethatcompari-
sonsubjectsdidnothaveanyAxisIpsychiatric
diagnosesandthatdepressedparticipantswere
freeofanyAxisIcomorbidity.TheHamilton
DepressionInventory34wasusedtoidentifyspe-
cificsymptomsofdepressionasdelineatedby
theDSM-IV.TheEdinburghPostnatalDepression
Scale(EPDS),35a10-item4-pointinventorywith
amaximumscoreof30,wasusedtodetermine
eligibility.Becauseamultinationalreviewofthe
EPDS36demonstratedthatscoresof8.5–12points
hadaspecificityof49%to100%andsensitiv-
ityof65%to100%,subjectgroupswerebased
ontheEPDSasfollows:thosescoring>12were
includedinthedepressedgroup(n=4),whereas
thosesubjectsscoring<6wereincludedinthe
normalcomparisongroup(n=4).TheEPDSwas
re-administeredimmediatelypriortoenteringthe
MRIandanaverageofthetwoscoreswastaken
(depressedgroupmean:15.33;range:12–19;
normalcomparisonmean:1.33;range:0–4).The
changeoftheEPDSscorebetweenadministra-
tionsnevervaried>2points.Allscansoccurred
betweenweeks7and8postpartum.

Neuropsychological Activation Paradigm 
ThefMRIactivationparadigmconsistedofan

emotionalwordprobe,withlinguistic-semantic
specificity,allowingforacomplementaryhigher-
levelexaminationofthehypothesizedfronto-
limbic-striatalcircuitry.Thisparadigmemploys
stimuliwhoseemotionalqualitiesareincidental
relativetotheexplicitnatureoftheword/non-
worddeterminationbehavioraltaskdemand(2-
alternativeforcedchoicemethod[2AFC]).By
usingthistechnique,theevocationofpotentially
confoundingcognitiveprocesses(eg,semantic
categorization)arehopedtobeminimized.

Stimuliconsistedofpositive,negative(both
threatandnon-threat),andneutralwords(adjec-
tives,nouns,andverbs)balancedacrosscatego-
riesforfrequency,length,andpartofspeech,
withtheexceptionthat,withintheneutrallist,
verbsweresubstitutedforadjectives.Thiswas
donebecauseadjectives,comprisinganimpor-
tantcomponentofthevalencecategories,areby
naturegenerallynotfreeofvalence.Verbswere
substituted,ratherthannouns,astheirimage-
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ability ismoresimilartothatofadjectives.
Stimuliwereratedforsuitabilityasdefinedby
BradleyandLang.37Examplesincludepositive-
success,admired,praise;negative-worthless,
murder,burn;neutral-transfer,trunks,fasten.

Behavioralresponseswerebasedonword/
non-wordjudgmentcues,suchthatsubjectswere
instructedtoperformarightindexfingerbutton-
pressimmediatelyuponpresentationofaword
(eg,MURDER)andtoperformarightmiddlefin-
gerbuttonpressuponpresentationofarandom
letterstring(eg,DSKDFA).Correspondingbutton
presseswerecounterbalancedacrosssubjects.
Subjectswerenotpre-informedoftheemotional
natureofthestimuluswords.

Thetaskwaspresented inablockdesign.
Presentationwascounterbalancedtocontrolfor
orderandtimeeffects.Eachblockwascomprised
of10stimuliwords/non-words(trials)ofthesame
valence;there100trialspercondition,400totaltri-
alspercompletestudysession.Blocksincluded
90%,80%,or70%words(comparedtorandomlet-
ter-strings).Eachstimulusappearedfor1.5seconds,
followedbyajitteredinterstimulusintervalaverag-
ing1,900milliseconds,foratotalblockdurationof
34seconds(notincludingintertrialintervalrest).
Eachblockwasfollowedby12secondsofrest.Each
runwasprecededandfollowedbyanadditional36
secondrestperiods.Duringrestperiods,subjects
wereinstructedtolookatacrossatthecenterof
thescreen,withtheirmindseitherblankorfloating
freely.Stimuluspresentationandresponsecollec-
tionwereperformedwithintheE-Primeenviron-
ment(PsychologySoftwareTools,Inc.,Pittsburgh,
Penn.).Stimuliwerepresentedinwhiteagainsta
blackbackgroundsubtendinganaveragevisual
angleof~2degreesinheightby6degreesinwidth.

Wedesigneda factorialparadigmwitha
block(ratherthanevent-related)designforsev-
eralreasons:tomaximizeoperationalizationof
sustainedemotionaltone;tofacilitatefactorial
comparisonofvariouspermutationsofemotion
andresponseconditions;toexploittheimag-
ingsensitivitybestowedbyblockdesign;and
tominimizepotentiallyconfoundingextraneous
cognitive-behavioralfunctions.

Thereweretwoobjectivesassociatedwiththe
neuropsychologicaltasks.First,bygivingsubjects
atask,weensurethattheywerefocusingonthe
stimulipresentedtothem.Inturn,thisenhances
thelikelihoodthatblood-oxygenleveldepen-
dent(BOLD)responsechangesarerelatedtothe
relevantstimuli.Thus,thefirstobjectivewasto

presentsubjectsa“probe”thatwouldactivate
relevantbraincircuitry.Thesecondobjectivewas
tomeasuredifferencesinmotorresponseperfor-
mancebycondition.Itiswelldocumentedthat
emotion-inducingstimulicangeneratecognitive
and/orbehavioraltaskprocessinginterference.38,39

Immediatelyafter imaging,subjectswere
removedfromthescannerandpresentedvia
computerwithalistofwordsconsistingofthe
stimuliseenduringscanning(targets)randomly
interspersedwithanequalnumberofnewwords
(distractors)dividedequallyintoeachstimulus
category,andbalancedforthesamequalitiesas
thetargets.Subjectswereaskedtoindicatewhich
wordstheybelievewerepresentedduringthescan-
ningsessionusinga2AFCbuttonpress.Accuracy
wasmeasuredforlateranalysis.Followingthe
completionofthistask,subjectswereaskedtorate
asimilarlycounter-balancedsubsetoftargetwords
presentedonatouch-screenmonitoralongaLikert-
likescaleusingthesubjective-assessmentman-
nequin37accordingtoemotionalvalence(strongly
positive,neutral,orstronglynegative,rangingin
valuefrom+3to–3,respectively).

Image Acquisition
Imagingdatawereacquiredwitharesearch-

dedicatedSeimensAllegraMagnetron3Tesla
head-dedicatedMRIscanner).T1-weighted
spoiledgradient(MP-RAGE)MRIwholebrain
anatomicalscans(208slices;8mmin-plane
resolution,0.8mmslicethickness,contiguous
slices)wereacquiredfollowedbyT2-weighted
turbospinechoaxialwhole-brainimages(3mm
slicethickness)toexplorepotentialpathology.
Finally,gradientechoplanarimaging–blood-
oxygenleveldependent(EPI-BOLD)fMRIwere
acquired(repetitiontime:2,000milliseconds,
timetoecho:30,32slices;3mmthickness;1
mmgap)asanindexofneuronalactivityduring
theneuropsychologicalactivationparadigm.

Image Processing and Data Analysis
Priortostatisticalanalysis,thefirsttwovol-

umesofeachrunwerediscardedtoallowthe
magnetic resonancesignal to reachsteady
state.Theremainingimagesineachpartici-
pant’stimeseriesweremotioncorrectedusing
theMotionCorrectionusingtheFMRIBLinear
ImageRegistrationTool(MCFLIRT)moduleof
theFunctionalMagneticResonanceImagingof
theBrain(FMRIB)Center’sSoftwareLibrary,v
3.3)package(availableatwww.fmrib.ox.ac.uk/



857

fsl).Imagesinthedataserieswerethenspatially
smoothedwithathree-dimensionalGaussian
kernel(fullwidthathalfmaximum:x8x8mm3),
andtemporallyfilteredusingahigh-passfilter
(320seconds).TheFMRIBExpertAnalysisTool
(FEAT)moduleoftheFMRIBSoftwareLibrary
packagewasusedforthesestepsandlatersta-
tisticalanalysis.

Customizedsquarewaveformsweregenerated
foreachindividual.Thesewaveformswerecon-
volvedwithadoubleγ-hemodynamicresponse
function.Foreachparticipant,weusedFMRIB’s
ImprovedLinearModel(FILM),withlocalautocor-
relationcorrection,toestimatethehemodynamic
parametersforfourexplanatoryvariables(neutral,
positive,negative,andthreat)andgeneratestatis-
ticalcontrastmapsofinterest.Thesixmovement
parameters(ie,translationandrotationofx,y,and
zaxes)weremodeledascovariates.

Eachofthefiverunsforeachparticipantwas
analyzedseparatelyandtheaverageofthesefive
runsforeachindividualwasobtainedthrougha
higher-levelanalysisusingtheFMRIB’sLocal
AnalysisofMixedEffects (FLAME)module
(stage1only).Contrastmapswerewarpedinto
commonstereotaxicspacebeforemixed-effects
groupanalyseswereperformed.Thenormaliza-
tionprocedureinvolvedregisteringtheaver-
ageEPIimagetotheMP-RAGEimagefromthe
sameparticipant,andthentotheInternational
ConsortiumforBrainMapping152T1template,40
usingtheFMRIB’sLinearImageRegistrationTool
(FLIRT)module.

Toidentifytheregionsofbrainactivation,we
definedtheregionsofinterest(ROI)byclustersof
>30contiguousvoxels41inwhichtherewassignif-
icantdifferenceinbrainactivityacrossconditions
(Z>2.81,P<.005two-tailed).UsingtheMintunpeak
algorithm,42wefurtherlocatedthelocalpeaks
(maximalactivation)withineachROI.Additional
ROIanalyseswereperformedusingtheaverage
signalsextractedfromtheseclusters.

RESULTS

Word Valence Ratings
Analysisofthepost-scanratingsofallstimu-

luswords(positive,negativethreat/non-threat,
andneutral)confirmedourassignmentofword
stimulitonegative,neutral,orpositivecatego-
ries.Subjectsratednegative,neutral,andposi-
tivewordsassignificantlynegative,neutral,
andpositive,respectively.Therefore,itisfair

toassumethattheemotionalwordcategories
employedinthisstudywerereasonableprobes
ofemotional linguistic-stimulusprocessing
withintheparticipatingsubjectpopulation.

Neuropsychiatric Activation Paradigm 
Findings (Reaction Time)

Atwo-wayrepeatedmeasuresanalysisof
varianceofreactiontimesofthe2AFCword/
non-word judgment taskperformedduring
scanningrevealedsignificantvalencebydiag-
nosisinteractions(F=4.61,P<.01).Furtheranal-
ysisofthesedifferencesrevealedthatwhile
affectivestimuliwereassociatedwithenhanced
responsivity(positivewordvsneutralwords;
P<.01,andnegativewordvsneutralword;
P<.01)totheword/non-wordjudgmenttaskin
thenon-depressedcontrolsubjects(nodiffer-
encewasfoundbetweenthetwoaffectiveword
conditions;positivevsnegative;notsignificant),
thosewithPPDtendedtotakesignificantlylon-
gertomakeword/non-wordjudgmentsdur-
ingthepositivewordconditioncomparedwith
negative(P<.03)andneutral(P<.01)wordcon-
ditions(differencesobservedbetweennega-
tiveandneutralwordconditionswerenot
significant).Therefore,notonlywasenhanced
processingofnegativestimulinotobserved
inourPPDsubjects,asisregularlyreported
inthedepressionliterature,43,44reactiontimes
wereincreasedinthepositivewordcondition
ascomparedtoneutralwordcondition.That
is,positivewordsseeminglyhadtheeffectof
inhibitingresponsivityinthosewithPPD.

Functional Imaging Findings of 
Hypothesized Regions

Orbital Frontal Cortex 
Consistentwithfindingsreportedinthelitera-

ture45demonstratingattenuatedactivityinpos-
teriorreportedintheliteraturedemonstrating
diminishedactivityinposteriororbitofrontalcortex
regionsingeneraldepression,wefoundthatinthe
negativewordconditionsBOLD-relatedactivitywas
alsodiminishedinPPD(Figure1).Thesedecreases
infrontalactivityrelativetonon-depressedpost-
partumwomencanbeinterpretedinthecontextof
emergingconceptualizationsorbitofrontalcortex
functioninemotionalinhibitoryregulation46-49as
wellasemotion-influenceddecision-making.50-52
Indeed,postpartumdepressedpatientsareprone
todisadvantageousdecision-making.22
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Amygdala
Theamygdalahaslongbeenassociatedwith

emotionalprocessingespeciallyarousal.53Itis
knownthatglucosemetabolismintheamygdala
isabnormallyelevatedindepressiveswithfamil-
ialpuredepressivedisease,bipolarIIdisorderand
nonpsychoticbipolarIdisorder.54,55Thisabnormal-
ity,however,wasnotfoundinmoreseverepsy-
chotictypebipolardisordersubjectsorinmajor
depressivedisordersamplesmeetingWinokur
criteria56fordepressionspectrumdisease.The
resultsfromthepresentstudydemonstrate
greateramygdalaactivityinresponsetonega-
tivewordsinnon-depressedpostpartumsubjects
comparedwithdepressedsubjects(Figure2).
ThatPPDsubjectshadsignificantlylessactivation
tonegativelyvalencedstimulithandidcontrols
standsincontrasttoanumberofotherimaging
studies57,58ofgeneraldepressionandmaypoint
towardaspecificphenotypeofdepressivefunc-
tioninPPD.Thepossibilitythattheabsenceof
elevationsinamygdalaactivitymaybedueto

volumelosssimilartothatobservedinfirst-epi-
sodebipolardisorder59andmayoccurwithina
neuroanatomicalreductionofotherlimbicareas
observedinthepostpartumperiod,suchasthe
hippocampus,60requiresfurtherexploration.

Insula
Theinsularcortexisregularlyimplicatedin

imagingstudiesofhumanemotion61asakey
integrationandrelaycenterforheteromodal
sensory,visceral,autonomic,andlimbicinfor-
mationprocessing.62ComparingPPDwith
non-depressedpostpartumsubjects,wefound
increasedBOLDactivationsinbilateralinsula
incontrastsofnegativeversusneutralemo-
tionconditionsandrightgreaterthanleftinsula
BOLDactivationinallemotionconditionscol-
lapsedversusneutralemotionconditions(Figure
3).Thesefindingsareparticularlyrelevantto
emergingneurocognitivemodels63implicating
theinsulaintheneuralcircuitryofthesubjective
emotionalexperienceofdepression.
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FIGURE 2.
Increased right amygdala activity in 
response to negative words in non-
depressed postpartum subjects com-
pared to depressed subjects (P<.05 
uncorrected, for visualization)

SilvermanME,LoudonH,SafierM,ProtopopescuX,LeiterG,LiuX,Goldstein
M.CNSSpectr.Vol12,No11.2007.

FIGURE 1.
Decreased activation to negative words 
in bilateral posterior OFC regions with 
increased PPD symptomatology (P<.05 
uncorrected, for visualization)

OFC=orbitofrontalcortex;PPD=postpartumdepression.

SilvermanME,LoudonH,SafierM,ProtopopescuX,LeiterG,LiuX,Goldstein
M.CNSSpectr.Vol12,No11.2007.
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Striatum
Insubjectsdiagnosedwithmajordepres-

sionorbipolardisorder,cerebralbloodflow
andmetabolismhavebeenshowntobeabnor-
mallydecreasedinthecaudate,54,64aregion
implicatedinmotivationandaction.41While
thephenomenologyofdepressionconsistsof
anaccentuationofnegativeaffectiveprocess-
ingitalsoconsistsofaninabilitytoexperience
pleasureorpositivemotivation.Consistentwith
this,arecentfMRIstudy65foundthatdepressed
patientsdemonstratedsignificantlylessven-
tralstriatumactivation(anareaimplicatedin
reward/motivationalprocessing)topositive
stimuli.Notably,thefindingsfromourstudy
similarlydemonstratedecreasedBOLDstriatal
activationtopositivestimuliinthosediagnosed
withPPDcomparedwithnon-depressedpost-
partumwomen(Figure4).Thisobservationof
diminishedstriatumactivityinthosewithPPD
supportsapathophysiologicalmodelofPPD
thatincludesreward/motivationalpathwaydys-
function,suggestingapossibleneuralsubstrate
responsibleforthephenomenologicalexperi-
enceofdiminishedresponsestopositiveextra-
neousstimuli,ingeneral.

Additional Functional Magnetic Resonance 
Imaging Data
Table1listsadditionalregionsofdifferen-

tialBOLDactivityobservedduringtheemo-
tionallinguisticactivationparadigm.

Memory
Incidentalrecognitionmemoryforeachof

thethreewordtypes(positive,negativethreat/
non-threat,andneutral) isreportedinTable
2.Notably,even thoughsubjectswerenot
informedofapost-scanrecognitionassessment
priortoscanning,consistentwiththelitera-
tureondepression,PPDsubjectsdemonstrated
enhancedmemoryforstimuluswordspresented
duringthenegativecondition.Conversely,PPD
participantsalsoshoweddiminishedincidental
memoryforpositivewordscomparedtonon-
depressedpostpartum,controlsubjects.

DISCUSSION
TheetiologyofPPD,apotentiallycatastrophic

complicationofchildbearing,isunclear.We
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FIGURE 3.
Increased bilateral insula activity in 
those with PPD compared with non-
depressed postpartum subjects in 
contrasts of negative emotion versus 
neutral emotion conditions (left), and 
right > left insula BOLD activation in 
all emotion conditions collapsed ver-
sus neutral emotion conditions (right; 
P<.05 uncorrected, for visualization)

PPD=postpartumdepression;BOLD=blood-oxygenleveldependent.

Silverman ME, Loudon H, Safier M, Protopopescu X, Leiter G, Liu X,
GoldsteinM.CNSSpectr.Vol12,No11.2007.

FIGURE 4.
Decreased striatum activation with 
increased PPD symptomatology to 
positive stimuli (P<.05 uncorrected, 
for visualization)

PPD=postpartumdepression.

SilvermanME,LoudonH,SafierM,ProtopopescuX,LeiterG,LiuX,Goldstein
M.CNSSpectr.Vol12,No11.2007.
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believethistobethefirstneuroimagingstudy
specificallydesignedtoidentifyneuralactivity
changesinunmedicatedpostpartumdepressed
womencarefullycharacterizedashavingnopre-
vioushistoryofpsychiatricsymptomatology.
Thereportedpreliminaryfindingsbegintoshed

lightontheneuralmechanismsresponsiblefor
mooddysregulationfrequentlyobservedinthe
postpartumperiod,extendingpreviousreportsof
valencedissociationsinfronto-limbic-striatalsub-
regionresponsetoemotionalstimulitoagroup
ofpsychologicallywell-characterizedfemalesub-

TABLE 1.
Other Selected Cortical Regions

NegativeCondition(correlationwithEPDS)

Region BA
Cluster

size x y z Zvalue Change

Fusiform 37 30 –42 –52 –22 2.82 Increase

Rolandic 48 45 –56 4 12 2.88 Decrease

Supramarginalgyrus 39 51 –48 –50 32 2.83 Decrease

Superiortemporalgyrus 21 30 –56 0 –6 2.68 Decrease

NegativeCondition(Non-depressed>depressed)

Precentralgyrus 6
6
4

2,021
192
279

–36
44

–54

–12
0
0

60
28
40

3.74
3.11
3.21

Increase
Increase
Increase

Cingulate 405 –6 –4 52 3.47 Increase

Putamen 2,536 –26 –6 0 3.43 Increase

Inferiortemproalgyrus 37 76 46 –68 –10 3.16 Increase

Pallidum 745 20 6 4 3.12 Increase

Fusiform 37 63 38 –54 –18 3.06 Increase

Insula 48 159 46 6 –2 3.01 Increase

Precuneous 2,489 0 –60 38 3.22 Decrease

DLPFC 9
9

156
62

26
–28

34
34

48
42

2.91
2.86

Decrease
Decrease

Superiortemporalgyrus 22 44 72 –18 2 2.87 Decrease

Frontal 10 105 –2 54 –4 2.84 Decrease

ACC 2 34 –6 2.67 Decrease

PositiveCondition(Non-depressed>depressed)

Precentralgyrus 6
6
6

247
99
49

–32
–58
56

–10
6
6

62
28
34

3.58
3.05
2.88

Decrease
Decrease
Decrease

Cingulategyrus 24 550 –4 6 48 3.46 Increase

Parietal 40 57 –36 –48 42 3.17 Increase

Pallidum 133
85

–20
–16

2
4

4
6

3.03
2.84

Increase
Increase

DLPFC 9 185 26 30 46 3.16 Decrease

Precentralgyrus 6 267 26 –18 72 3.04 Decrease

*P<.01;clustersize:>30

EPDS=EdinburghPostnatalDepressionScale;BA=Brodmannarea;DLPFC=dorsolateralprefrontalcortex;ACC=anteriorcingulatecortex.
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jectsstudiedduringthepostpartumperiod.This
characterizationofthesystems-levelneuropatho-
physiologyofPPD,extendsourunderstanding
oftheneurobiologicalspectrumofaffectivedis-
ordersinwomenacrossthelifecycleandpro-
videsafoundationforfutureinvestigationsof
themechanismsinvolvedinthedysregulation
ofemotionandbehaviorinPPDandthetrans-
lationalpotentialforinformingdevelopmentof
moretargetedtherapies.

Despitetheprojectsdesignandanalysis,aprimary
limitationofthisstudyisthesmall-sample,which
inevitablyresultsinlessreliableestimates.Dueto
thislimitationtheresultsreportedneedtobeconsid-
eredpreliminaryandanyfirmconclusionsmustawait
additionalrecruitmentandreplication.

CONCLUSION
Accordingly,theneuralmechanismsrelatedto

PPDobservedthusfarappearsomewhatdifferent
thanthoseofnon-postpartum-relateddepression.
Forcertain,differencesamongneuropsychiatric
activationparadigms,depressionsubtypes(ie,
bipolarvsunipolar,primaryvsneurological),
aswellastheheterogeneousnatureofclinical
expressionacrossindividuals,arelikelyrespon-
sibleformuchofthevariancereportedacrossthe
literatures.Therefore,althoughitmaybeprema-
turetoconcludethatPPDisauniquedepression
phenotype,thesepreliminaryfindingssuggestthe
potentialtoidentifyanempiricallybasedneural
characterizationofPPDthatwillprovideaneces-
sarycornerstonefordevelopingmoretargeted,
biologicallybaseddiagnosticandtherapeutic

strategiesspecifictomoodchangesasaconse-
quenceofreproductivehealth.CNS
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