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Abstract
Objectives Delays in the diagnosis and detectioripolar disordecan lead to adverse
consequences, including improper treatnasmd increased suicide riskhe Mood Spectrum
SeltReport Measure (MOODBSR) was designed to capture the full spectrum of lifetime mood
symptomolegywith factor scores for depression and mania symptom constellations. The utility
of the MOODSSR as a tool to investigate homogenous subgroups was examitiegarticular
focus on a'poessible bipolar risk subgroup. Moreppetential patterns of differencis
MOODS SR subtypes were probed using cognitive vulnerabilities, neuropsychological
functioning, and ventral striatuoonnectivity
Methods. K-mean cluster analysis based upactor scores of MOODSR was usetb
determine homogenous subgroupimgthin a healthy and remitted depressed young adult
sample(N=86)Betweengroup comparisons (based upon cluster sub-groupivgy®conducted
on measures of cognitivellnerabilities, neuropsychological functioning, amhtral striatum rs
fMRI connectivity.
Results: Threegroupsof participantsvere identified: one with minimal symptomology, one
with moderate primarily depressive symptomology, and one with sew@&emanic and
depressive symptomology. Differences in impulsivity, neurotic@mscientiousnes$acial

perceptioraccuracy andrs-fMRI connectivity exist between moderate and segevaps.
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Conclusions: Within a sample of people with and withalgpressin histories, @evere
subgroupwas identified withpotentiallyincreasedisk of developing bipolar disorder through

use ofthe MOODSSR This small subgroup had higher levels of lifetime depression and mania
symptoms Additionally, differences in traits, affective processing, and connectixisy e

between these with a mopeototypic unipolar subgrouping and thogh potentialrisk for

developing,bipolar disorder.
K eywor ds: bipolar disorder, depression, phenotype, risk factors, neuropsychology, resting state

Introduction

Major depressive disorder (MDD) is diagnosed as a separate illness from bipolar disorder
(BD), yetthe behavioral, clinical, performanagenetic, and neuroimaging differences between
these groups have been limitednodestindeed, bottMDD andBD share major depressive
episodespne reasomhy it is not surprising that theereoverlappingraitsin the literature™
Furthermoreyany measurement that yields a single smok&DD likely misrepresents the
heterogeneity-of the disord®and does not necessarily rule out bipolar spectrum symptoms.
Furthermore, early in the course of the illness, a substantial minothpsdpresentingvith
MDD will.latér be diagnosed witBD.>’

It is well understood that BD is often missed in screening batteries for those presenting
with mood'spectrum pathology and initial evaluations for major depressive diSdrder.
example, BD"is,often incorrectly diagnosed and not treated until 10-20 years adeiusnally
about 14 year$This underdiagnosis of hypomania and mania often leads to poorer prognosis
due to delay In start of treatment, greater disruptions in the life course, adverse life events related
to untreated maniasnd increased risk for suici@& Difficulties in the dagnosis of Bxan
stem from.many sourcelsack of subjective distress during hypomanic and manic episodes, and
'normalization’.of some risky behaviors associated with mania during young adulttlgpod (e
sleep deprivation, substance abuse, sexual experimentatfargn contribute to under- or
delayed diagnosis. Therefore, mania is a substaptiat]y perceived risk in the late adolescent
and young adult period for those with a history of MHaster and more accuratagnosis is a
current area of neddr thisage period.
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A number of different methods have been employeddease specificity in assessment
tools forMDD and BD (e.qg., defining more homogeneous groups by psychomotor disturbance
levels @ anxiety.’*!* These methods have demonstrated some suedesgxampledepressed
individuals with lower reward responsiveness and higher anhedonia are migrtolikave
difficulty pursuing simple rewardsind those with melancholic subtygepressioriend to have
more psychometor slowing and s#tifting difficulty.> More recently)arge studies usingDoC
approaches'with dimensional strategies have been able to sigficetegosas of mood
disorders;"onethrough use®b6/No-Go responding and another usenxgntrelated
potentialst>t’

A cembined dimensional and lifespan approach to mood disorders may aid in more
accurate diagnosdwy collecting more detailed information about prior episodes and periods of
relative wellnessFor example, spectrum modelsdakto account that depressisymptomscan
be elevated repeatediy various pointsver thelifespanor even thatertainsymptoms never
occur at allan idea not accounted for in bin@ategories of current or recediagnosis-

Moreover some symptorpatterns may not always be present at the point of assesyetent

may be pathognomonic. For example, severe anhedonia may only be present in one of many
prior epsodes and would not be specifieithin acurrent ormost recent pastiagnosis.
Assessingrthe full spectrum of symptoms across the lifespan may aid in early detection and
diagnosis. One way to measure the full spectrum of symptoms involved in mood disomlers is t
asses$actorsof depressive and manic symptoms over the lifetimeydieg prodromal and
subthreshald"behavioral manifestations, such as through the Mood Spectrum Self-Report
MeasurgMOODS-SR)*° Utilizing exploratory factor analysi§€assano and colleagd®s

identified six factors related to lifetime depression symptoms, includingsi&pe mood (and
anhedonia), psychomotor retardation, suicidality, and neurovegetative symptonsephrate
report with patientsliagnosed with BDclassical exploratory factor analysis revealed factors
related to mania, including psychomotor activation, creativity (@cstic creativity and
sensitivity);mixed instability (e.g., sexual promiscuity, alcetedhted mood change and
irritability, and,changing jobs, residencies, friends and hobbies), inflatedssem, and
wastefulness or recklessness (e.g., spending more money than one can affordngsk-tak
behavior)®
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Different lifetime subtypes of mood pathology might have different biomarkers,
cognitive biass, affective traits, and personality traits as correlates. For exdngtier
rumination and impulsivity put individuals at even higher risk for develoBidbgompared to
developingVIDD. only 2> ! Neuropsychological batteries and neuroimaging tools raiglt
detect discrepancies functioningandmay offer pathophysiological correlates, thus coulcabe
useful wayto distinguish between subgroups. Specific deficits in neuropsychologiciirfunggct

are hallmarks'oMDD andBD even when the individual is currently wedi??

although there
appears to be'substantial overlap in these cognitive marRédfsrences in these measurements
may be useful tdelineate and characteriddéferent mood disorder groupings, or better
understand the,neurobiology that is affected in different subgroups.

Indeed ssruption in the functional circuits in the brain, particulaHgse supporting
emotion processing, emotion regulation and reward processing, have been observed in those with
BD.?* Oneparticularregion of interesin these functional circuits, and particularly within
restingstate_functional connectivity analyses, has been the ventral striatum, shuohesvard
processingyanhedonia, and behavioral activation. The VS region$esedelated constructs,
are all potential sources of difference betwsH#dD andBD. In particular, his region hashown
differences.in function and structure in those i and those at risk for the development of
BD.® A recefit review has noted increased volume, decreased grey matter in those at risk, and
increased activity at rest in the ventral striafuBisrupted connectivity between the VS and
other regidns of the brain may represent an early neural marker bABBormalities and
disruptionssto'this region may correspond to the onset and risk for deveRiping

In thespresent studyhegoal is to identify subtypes of MD[particularly subtypes that
are atrisk for developing BD.We hypothesize thalifferentsubgroups based on mood
symptoms, of this young adult sample can be defined using carsdyrsisWe also expected
that these subgroupsould displaydifferentcognitive vulnerabilities, neuropsychological
functioning,.and neural connectivity related he wentral striatupparticularly as it hones in on
lifetime hype/mania vulnerability

Methods

Study participantg@N=78) from the ages of 18-23 wemecruited from the ChicagdL

and Ann Arbor, Ml communities. Age range was restricted to young adulthood to better

highlight any emerging subgroup patterns at an optimal point to minwarznce in
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development andffects ofdisease progressioAdditionally, thisage range allowgesing the
hypotheses that sonyeung adults already show subthreshold manic symptomatology, and that
the MOODSSR might be useful in identifying those at risk for later diagnosis of Bbe
present study was a secondary-anhlysis, and the sample wasder -powered to explore the
optimal numbepf disease subtypes, and is merelyeaploratory illustration. Recruiting
currently remittegatientswith MDD minimizedcurrentsymptom load, as they were not
currently meeting threshold for a major depressive episDiEgnoses were made based on
DSM-IV cfitéfid'using the Diagnostic Interview for GeneSitudie$’ after informed consent was
completedconsistent with the Declaration of Helsirdgad approved by thastitutional Review
Boards of thesdniversity of lllinois at Chicago, and the University of Michigan at AborAr
Remitted major depressive disordeMDD) participants met criteria for history of MDD and
were allowed to haveurrent or past conorbid anxiety disorders. HCs were excluded for any
current or past Axis | or Axis Il disorder. Participants diagnosed with rMDz&jlgihad 1 or 2
previous episodes (mode of 1 episode). Diagnosis was confirmed with family intgpaiemt(

or older sibling)’usingnodified Family Interviewor Genetic Studie€’ All data reported was
collected overseparate intake, cognitive testing and fMRI sessions.

Mood Spectrum SelReport (MOODSSR).

The MOODSSR has 161 yes or no questions regarding whétlegparticipant has experienced

various situations now or in the past, which are then summed into fatibts.

Clinical Variables.

Clinical variablesof interest regarding illness were collectetbugh the DIGS, including age of
first episodes=number of depressive episodes, length of longest depressive eps@lebal
Assessmeént of Functioning (GAB)Family history was ascertained as part of the DIGS,
adapted FIGS, and Longitudinal Interval Follow-up Evaluations (LIFE), coded for peesenc

any mood.disorder.

Questionnairdleasures

The Rumifiative Responses Scale (RRS) is arsglbrt measure of ruminatiShTwo

motivational systemweremeasured by the BIS/BA8 TheBarratt Impulsiveness Scale (BIS
11) is a selreport measure of impulsive behavior and preferefic@hie NEO-Personality
InventoryRevised (NEGPI-R) was administered to assess five major domains of personality:

Openness to Experience, Conscientiousness, Extraversion, Agreeableness, and Neutbticism
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Neuropsychological Measures.

Estimatedntelligence Quotientvas assessed using tBgnonym Knowledge Tagk determine
if subtypes differ in global cognitive abilif§f. The Facial Emotion Perceptidiest (FEPT) is a
test of accuracy and speed in identification of facial expressichsling accuracy for fear,
anger, happys.sad and neutral fateBhe Modified, Titrated Monetary Incentive Delay Task
(mMID) is'a simple, contingent reward sensitiviagk dependent upon responding to a rapid
response window. The task is titrated based off of the participant’s accuracy ahtbspee
optimize performance to perceived difficuttios®® Money earned during the last two runs
was used as the dependent variable Parametric Go/Nd@s0 Task captures sustained attention,
inhibitory contral, and processing speed to target tud%Reactiontime and percent correct
inhibition was assessed for both 2 and 3 target tladstrolledOral Word Associationrest
(COWA) provides a measure of verbal fluency to confrontation based upon cueéirst the
consonant in word® The Wisconsin Card Sorting Test provides a measure of executive
functioning,including inferential problem solving using error percenfifeErail Making A/B
and C/D weral$oadministered, capturing visual speed and switctésgectively’’ The Purdue
Pegboard provides a measure of bimanual dexterity.

fMRI Acquisition

TheUniversity of Michigan scan consisted of an egpgen resting state scan acquired
over eight minutes using a 3.0 T GE Signa scanner (Milwaukee, WI). We used T2*asleight
single shot reverse spiral sequeneath the following parameters: 90 degree flip|diof-view
20, matrixsizen=64*64, slice thickness =4 mm, 30 ms echo time, 29 slices. At thesiyiger
lllinois, we eollected eyespen, eight minute resting scans using a 3.0 T GE Discovery scanner
(Milwaukee, WI), using parallel imaging with ASSEmT2* gradient-echo axial EPI. We used
the following parameters: 90 degree flip, figfiview = 22 * 22 cm, matrix size =64 * 64, slice
thickness =.3.mm (0 mm gap), 22.2 ms echo time, 44 slices. At both locations, highiaesol
anatomic T1 secans werdtained for spatial normalization. Motion was minimized using foam
pads, and/er€ross on the display, and participants were told the importancenof stidlyi
Additionallyya,visual tracking line was used at the University of lllinois.bdeth sites, Rs of
2000 ms were used, with a total of 240 TRs.

fMRI Preprocessing

This article is protected by copyright. All rights reserved



Clusters illustrate potential bipolar phenotype

We took several steps to reduce effects of noise and arfiam time correction was
completed in SPM8 (http://www.fil.ion.ucl.ac.uk/spm/doc/), and we applied motion idetect
and orrection algorithms using FSL (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/). We used
coregistration of structural images to functional images. Next we used spatralization of
the coregistered T4pgr to the Montreal Neurological Institute (MNI) templdtke
normalization_ matrix was applied to the stio@e-corrected, time series data. The result,
normalized T2*timeseries data, was spatially smoothed with a 5 mm Gakesi@l| producing

T2* images with isotropic voxels, 2 mm on a side.

fMRI CrossCorrelation Analysis

Time series data were detrended and nesantered. Additionally, physiologic correction
was perfofiied by regressing out white matter and cerebral spinal fluid Sfdaison
parameters were regressed. BuBlobalsignal wasot regressed due tollinearity violations
with gray matter signal, challenging restimates oénticorrelation® and nonlinear impact
upon distance-micromovement relationshipsime-series were bangass filtered over 0.01 —
0.10 HZz. Seeds were derived based on previous literature examining resting statBvitynofe
the ventral striaturf- The followingMontreal Neurologic Institute (MNoordinates were used
based upon prior workight superior ventral striatunR{/Ss 10, 15, 0)right inferior ventral
striatum RVSi; 9, 9, 8), left superior ventral striatunb¥/Ss; -10, 15, 0), andeft inferior
ventral striatum(VSi; -10, 15, 0).The VSi is what is aditionally considered Nucleus
Accumbens inhumans, and the VSs is ventral caudateyended these pxisting foci to
enable comparisons with prior stes.**

Statistical'Analyses
K-Means Cluster Analysis to Determine Homogeneous Subsets.

Utilizingsthe factors developed by Cassano eoiteague$® nine mania and six
depressiotiactors from the MOODSR wereenterednto a k-cluster analysis to divide
participants, with an optimal solution of 3 clusters based upon sampkmnsizZdC criterialAIC
= 668.74, chosen to maintain statistical power while allowing investigation into more

homogeneous subgroupings. The 2 (AIC = 687.56) and 4 (AIC = 676.22) cluster solutions were
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equivalent in silhouette measure of cohesion and separation (.4 for all 3 solutiorevét a 2
cluster solution recapitulated the casmtrol group membership, making it a less ideal solution.
The 4 cluster solution had one cell which was too small (n=6) for subsequent comparisons,
rendering the 3 cluster solution optimal for the hypotheses put forth. Thecthséer-solution

was derived.from differences in factor scores flwsth depression and mania subscales of the
MOODS-SR._Based upon clinical characteristics and the scores on the MSRDI&:tors, the
k-clusters'werethen labeled Minin{din), ModeratgMod), and SevereSey, Table 1).
ClusterGroup“Comparisons

A series of ANOVAs were computed between the 3 cluster groups. For questionnaire
measuresgandyneuropsychological tests, significant ANOVAS were followed by posstisoc t
with Bonferroni corrections to determine specific differences between patient clusters. For rs
fMRI, a threshold op < 0.005 and cluster extent of 57 voxels was uped.Q1 corrected for
each model) based upon the updated 2016 version of 3dCId%Bata from significant areas
of group differences in connectivity were extracted using Marsbar
(http://marsharisourceforge.net) and compared usinghpasttests (Bonferroni corrected).

Results
Cluster Analysis
The*Min cluster consisted of a mixtuweHC (N=28) and rMDD (N=3), while the Mod

andSevclusters consisted only of rMDD (N=34; N=13 respectively; Tablelhere was a main

effect of group on all measures of the MOOBR{Table 1). Posthoc tests were run to
determinepairwise differenceBhe Min cluster was significantly lower th&evon all factors
(p <.001) Minswas significantly lower than Mod on all factdesl p <0.02)except
Sociability/Extraversion, Spirituality/Mysticism/Psychoticism, and Wastefulr@ssvas higher
than Mod orell factors except for Depressed Mood and Suicidality (Tabl€ihically, Min
was higher.in. GAF than Mod and Se«0.001;p<.001;Table 1). Those in Sev group were
numerically,. but not significantly more likely to have a positive family hystdrmood disorder
(6/12) relative'to Mod (12/32) and Min (527X = 4.58 (2), p = .11), all but one (hx of BD) of
whom were"pesitive history of MDODAmong rMDD, those without family history were
significantly higher irDepression (F(1,46) = 4.39, p = .04) and Suicidal ideation (F(1,46) = 4.90,
p = .03) factors, but did not differ in any other factors (ps > .11).

Connectivity to RVSs
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Results are reported in Supplemental Table 1 and Figure 2. The areas of conneativity t
differed amongst the MOODSR groupswere inregions posited to be part of tleegnitive
control network - middle and inferior frontal gyri, precuneus, and anterior cingulate cortex.
Posthoc Bonferroni tests were run to determine pairwise differe@mmectivity was higher in
Mod versus.Sev in middle and inferior frontal gyri. Connectivity was higher in Min, Maiser
Sev for anterior cingulate cortelt was lower in the precuneus in Miergus Mod, andev.
Connectivity'to'LVSs

Results™are reported in Supplemental Table 2 and Figufde&e is a main effect of

groupin a large number afietworks,including cognitive control, default mode, and secondary
visual regionsPosthoc Bonferroni tests were run to determine pairwise differences. Mod was
higher than“Sev in the middle frontalrgg. Mod showed significantly higher connectivity than
Min in theinferior frontal gyrus supramarginal gyrus, and cwseFor the supramarginal gyrus
posterior cingulate, and caudate, Mod was significantly higher than Min and Sev. Gotynac

the lingual\gyrus was significantly higher in Sev versus Min and Mod. For the fusiform gyrus,
Sev was significantly higher than Min. In the anterior cingulate ggndsfor the other cluster in

the posterior‘eingulate gyruslin was significantly lower than Mband Sev.

Connectivity.to RVSi

Results are reported in Supplemental Table 3 and Figureete was a main effect of
group for the precuneus and the vermiBosthoc Bonferroni tests were run to determine
pairwise differences. In the precuneus, Sev wagmificantly higher tha Min and Mod.
Connectivity'with the vermis was significantly higher in Sev versus Min and Mod.
Connectivity:to'L VSi

There were no significambain effect ofgroup observed for LVSi.

Questionnairdeasures

There.was aignificantmain effect of group on the RRBIS-11 Total BAS Total
Neuroticism, ExtraversigrOpenness, and Consciousness (TablB@&thoc Bonferroni tests
were run to-determine pairwise differenc&n the RRS, Min was lower than Mod aBelv
Mod was loweithan Sev oBIS-11. Min was lower than Mod for the BAS totahly. Min and
Mod were significantly lower than Sev on Neuroticism, and higher in Conscientiousvigss
washigher inextravesionthan Mod and Sev. Sev was significantly higher in Opemetstsve
to Mod.
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Neuropsychological Variables

There was a significant main effect of group on fear and atgerracy (Table 3Post
hoc Bonferroni tests were run to determine pairwise differences. Sev perfogmiéidaitly
better on fear accuractlgan Min and Mod, and better amger accuracy than MirAll other
neuropsychelegical tests did not showtatistically significantnain effect of group

Discussion

Thepresent study was conducted to ascertain whether lifetime symptoms of depression
and mania might aid in detecting more homogenous subgrod®Df This study yielded three
different clustegroups based upon lifetime symptoms within an otherwise homogsaoyse
of remitteds=MBPDyoung adults and age matched healthy comparison aduésvené able to
detect a group*with minimal mood symptomoldgyimarily HCsand at a lower risk of
developing moad pathologya group with moderate and primarily unipolar symptomology
(Mod), and_a group that was more severe in bt#hatednanic and depressive symptomology
(Sev) We were able tdlustratedifferences that delineated the Mod and Sev clusters, including
differencessinreonnectivity with the VS, facial perceptpanformanceselfreportedmpulsivity,
and selfreportedextraversion and conscientiousneBsis appears to be the first study to
examine the MOODSR in a remitted sample, and to highlight that a bipolar risk subgroup
could potentially be defined with MOODS-SR early in the course of MDD.

There was a smalgroup of individuals currently remitted for MDDvho endorsed
significantly_higher lifetime mania symptomethoughnot clinicdly elevated to the point that it
would be eaptured idiagnostic interviewsThis finding is consistent withhe presence aghany
prodromal ‘symptombefore the developmeandawarenessf BD, including moodability and
elation,swings or cyclothymic featuresacing thoughtsrritability, and psychomotaactivation
(many of themania factors in the MOODSR).*** This groupalso endorsed more severe
lifetime depressive symptoms four factors Sev may represent distinct MDD group with
substhreshold.manic symptomology, who may never go on to developABErnatively, this
grougs elevation in lifetime mania symptonmay put them at risk to develd®D, or more
likely reflecsa.subtype of MDD with elements of BD symptomatology at the subthreshold level
(Benvenuti et al., 2015; Fagiolini et al., 2006; Jules & Giovanni, 2008¢ add that the Sev
group wasnominallymore likely to have a positive family histoof MDD (50%), relative to the

Mod and Min groups. Future work can determine whefdraily history may be linked to more
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mixed lifetime symptoms and different connectivity, neuropsycholodicadtioning, and trait
factors. As all but one of these individuals with positive family history was for MDD and not for
BD, family history was not likely to be definitive.

The Moderategroup defined by cluster analygisesented as more moderate in lifetime
synmptomatolegy, aneéndorsednore unipolar symptoms relative to bipolar symptoms. The key
difference between ith group and the more sevegmupwasendorsement ainanicsymptoms
They also"differed on six of eight depressive symptom factor scores, with Sevthayhétod.

Severalfacets stand out as important distinguishing constructs betw&avgreup and
the other twaclustersof rMDD. Sevshowedhigher trait impulsivity than Modnd Min on
reported impulsivity. kgher trait impulsivitytends to represent a marker for developiBd,
although it'has‘also been linked to MDD and ADHD. Both higher neuroticism and lower
conscientiousness distinguish®&evfrom the otherclustersn this study, which may be a
potential subtyping feature for risk fBD, consistent witthe literature in BD* Further
research must be done to determinenfulsivity, trait neuroticism and trait low conscientious
area usefulway to discriminate those who are at increased risk to d&@Ilspm those who
are more likely‘to remain unipolar.

Surprisingly, theSevgroup was better at correctly identifyingaf and anger facial
expressionsOne metaanalysis has found less impairmémt identifying emotions in faces
those with BD than those with schizophrenia and MD,*®while another found the degree of
impairment to be comparatetween BD and MDD’ Prior studies of those with BD may
illustrate impaired emotion processidge toactive symptomsr disease scdf.This study’s
emotion proeessindifferences cannot b&ccounted for bgifferencedn attention, executive
function, visuaimemoryor verbal memory. The superior detection of negative emotions in
bipolarrisk versusmore unipolar rMDD individuals may perhaps be useful in distinguishing the
two subgroups.and may be useful at detecting subsyndromal manic features earlpunsth@ic
illness.In otherwords, individuals with MDD who do not possiesgairment in facial
perception.may rapsent a special group to follow as they may present with mania
symptonatology.

Across studies, reduced connectivity has been found in prefrontal and limbic brain
regions forBD andMDD.*® **Connectivity studies have suppedia model positing dysfunction

of subcortical-prefrontal networks and limbic regieam&D, wheredisruption of mood may be
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caused by reduced prefrontal modulation of subcortical and medial temporal ssrugthie the
anterior limbicsystent’ Within the current study,annectivityanalysesevealed disrupted
connectivity with the VS in th8evgroup, which could be useful to delineate those at risk for
developingBD versusthose who show primarily unipolar symptomology. Compared to Mod,
Sevhad redueed connectivity between tHé3R andseveral anteriocognitive control regions,
perhaps highlighting diminished regulatory capacity for approach behaviors. In gdotrtsdt
left VSsa different pattern was evidenitelevatedconnectivity for Mod relative to Sev amin

in a widespread set of regions including cognitive control regions, and emotion procassing
few regions showed elevation in Sev relative to Min and Mod, including secondaay vis
processingsregions, including those facial emotion In the rightV Si, there was increased
connectivity'inSevwith theprecuneus, and decreased connectivity withvéreniscompared to
Mod. These connectivityidruptiors may represent earfnd sensitiveisk markers particularly
for the leftVSs, for those at high-risk for developiip.

Developing homogeneous subgroupings can aid in better diagnosis, and potentially,
bettertreatmenfor the mood disorder spectrum. While antidepressants are highly effective for
those with'solely depressive symptomatology, up to 50% of people who are diagnosed with
unipolarMbD are resistant to antidepressaiaitsd have subthreshold or threshold manic
symptoms*Depending on the length of the observation period, 15-30% of people who were
previously diagnosed as unipolar progresBEo>? Thus, not only could use of théOODS-SR
in this age range lead to designation of individuals in "high risk" categories, dlstalead to
earlier treatment and improved prevention effoltgleed, there may be increased specificity in
the nature‘and‘types of treatments that could work for these subgroups. Identificatiomaipf ne
neuropsychological, or personality featurest thid in risk determination could lead to earlier and
more effective treatment.

Thisstudy has a few limitations to cover. A strength of the study was that multiple
methods were. used to validate subgroups; however, future studies will be neededrto furthe
validate links'taBD by recruitinggroups with elevated lifetime marsgmptoms with and
without a histery of BD. Additionally, these studies would benefit from larger sasizas to
increase power, dhe present studyas a secondary data analysis with a sample of convenience
The sample size was not large enough to form additional cluster subgmeapal(ate what

might be an optimal cluster number) because sufficient power would have been lostrtondet
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trait differences between smaller cluster grodpee threecluster solution was only marginally
lower in AIC relative to the 2 and 4 cluster solutions and was identical in the silhouette measure.
A larger sample size would be beneficial in determining further homogenous
subgroupings/clusters in those with mood disorders. In addition, some measuresdexpeaty
acrosgnoodelusters did not show significant differences between our clusigch asnhibition
or bimanual dexterity. This may have been due to a focus on lifetime mood symptomology in a
currently remitted sample, which is more likely to highlight trait rather than state differences.
Finally, we'were unable tprospectively follow this sample to determiimeal diagnosic
outcomes, and thus empirically testing conversion from MDD diagnosis t@BBins an active
area of researel\lternatively, comparison to a group with diagnosis of BD could have clarified
whether the’'BD and Sev groups were similar on a number of neuropsychologicahdraitin
imaging features. Future studies will need to determine the course of illnes$ igreups, and
to determine_if these groups are a risk group for BD or if they represent a subtype of ithDD w
subthresheld mania symptomology.

In conelusion, the MOOD-SR is a useful tool to reduce homogeneity within young,
remittedMDDsamples. It also may be a useful tool to identify those ataigkevelopingBD,
even in these whose illness clinically and historically presents as unipboé&e may be a
subgroup-of people with depression histories who have been improperly diagnaseat oisk
of developing more severe pathology in the futlires. more likelythat there isn MDD
subgroup with some subthreshotdnicsymptomatology, and these individuals may show a
different clinical coursevith different optimal treatments
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Table 1. Demographics and MOOD-SR Clusters

Min Sev
(N=31) Mod (N=34) (N=13) Statistical Analysis
M (SD) M (SD) M (SD) F p-value
Demogr aphies

Males (N} 9 9 5 0.66 72
rMDD (N) 3 34 13 66.23 <.001
Race (N Caucasian) 21 18 8 15.04 .52
Age 20.71(1.62) 21.26(1.54) 20.92 (1.75) 0.978 .38
Education 14.61 (1.45) 14.71(1.36) 13.85(1.52) 1.81 17
VerbaldQ 104.45 (9.57) 106.73 (8.48) 101.62 (10.82) 1.47 24
Longest MDE 8.00(0.00) 27.39(30.33) 26.5(36.71) 0.18 .84
GAF at/Intake 91.52 (4.42) 8254 (8.74) 77.73(11.48) 17.13 < .00F
Age of First Episode 17.5(2.12)  16.47 (4.33) 15.75(4.18) 0.20 .82
Number of MDE 0.15(0.38)  1.71(1.29) 2.92(2.81) 9.43 < .001°

MOOD-SR Clusters

Depression Fagctors
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Depressed Mood

Psychomotor Retardation

Suicidality

Drug/lliness Related Depression

Psychatic Features

Neurovegetative Symptoms
Mania Factor s

Psychomotor Activation

Creativity,

Mixed Instability

Sociability/Extraversion

Spirituality/Mysticism/Psychoticism

Mixed Irritability

Inflated, Sel{Esteem

Euphoria

Wastefulness/Recklessness

1.87 (2.09)
1.13 (1.73)
0.26 (0.68)
0.00 (0.00)
0.48 (0.96)

1.35(1.72)

1.06 (1.61)
2.2 (2.23)
0.42 (0.62)
2.19 (1.94)
0.23 (0.76)
0.46 (0.77)
0.16 (0.45)
0.81 (1.08)

0.74 (1.09)

16.29 (2.8)
8.53 (3.58)
2.24 (1.76)
0.56 (0.89)
2.15 (1.23)

5.15 (2.28)

2.97 (2.46)
5.29 (2.46)
1.18 (0.83)
2.26 (1.8)
0.47 (1.13)
1.91 (1.22)
0.91 (1.11)
1.89 (1.51)

0.85 (1.10)

16.92 (4.96)

11.60 (1.86)

2.38 (1.98)
1.23 (1.09)
3.46 (1.13)

7.77 (1.88)

9.54 (2.5)
8.69 (1.25)
2.85 (1.99)
4.15(1.63)
1.77 (1.64)
4.38 (1.5)
3.23 (1.59)
4.08 (1.04)

2.46 (0.88)

217.95

92.14

17.54

13.46

37.4

55.06

70.78

42.27

24.63

5.99

9.22

57.21

42.13

29.97

13.22

<.001°
<.001"°¢
<.00F
<.00P°
<.001"¢

<.001°¢

<.001"¢
<.001°¢
<.001°¢
.004¢
<.001°
<.001"¢
<.001°¢
<.001°¢

<.001¢
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Min= Minimal, Mod= Moderate (Unipolar), Sev = Severe, M= Mean, SD= Standard Devitdionntelligence QuotientiDE=Major

Depressive Episode in weeks, GAF= Global Assessment of Functioning, rMDD= remitted Majes<iap® = Min > Mod, Sev’ = Mod, Sev >
Min, ¢ = Sev=>'Mod = Sev>Min, Mod

Table 2. Cluster Differencesin Questionnaire Measures

Statistical
Min Mod Sev Analysis
M (SD) M (SD) M (SD) F  p-value
RRS Total 30.4 (8.82) 46.90 (16.13) 51.67 (14.16) 16.61 <.001%
BIS-11 Total 53.23(10.38) 49.00 (11.00) 60.08 (8.47) 5.47  .01°
BIS Tofal 18.97 (2.82) 20.35(3.46) 18.77(3.30) 198 .15
BAS Total 36.90 (11.47) 43.74 (4.04)  41.85(9.93) 5.14  01°

This article is protected by copyright. All rights reserved



Clusters illustrate potential bipolar phenotype

NEO-PI Neuroticism 71.69 (17.88) 81.97 (23.52)
NEO-PI Extraversion
NEO-PI Qpenness

NEO-PI' Agreeableness

107.15 (13.65) 12.04
128.86 (18.45) 113.21 (20.81) 109.23 (119.36) 6.440

121.03 (17.15) 128.03 (16.16) 139.31 (14.56) 5.923

<.007
.003°

.004°

123.24 (14.22) 123.09 (15.19) 115.31(12.93) 1.830 .17

NEO-PI Conscientiousness 125.83 (16.89) 123.82 (19.75) 111.62 (15.81) 4.268 .02°

Min= Minimal, Mod= Moderate (Unipolarfev= Severe, M= Mean, SD= Standard Deviation, RRS= Ruminative Responses Scdlg=BIS

Barrett Impulsiveness Scale, BIS= Behavioral Inhibition System, BAS= Behactivation System’ = Mod, Sev > Min” = Sev > Mod¢ =

Min < Mody%= Sev > Min, Mod® Min > Mod, Sev

Table 3. Cluster Differencesin Neuropsychological Measures

Statistical
Min Mod Sev Analysis
M (SD) M (SD) M (SD) F p-value
Trail Making T est
A/C (Visual Processing) insec  21.9 (7.93) 22.50 (7.17) 22.00 (6.53) 0.60 .94
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B/D (Switching) in secs 53.35 (14.75)
Purdue Pegboard
(Bimanual Dexterity) 10.47 (1.72)
Controlled Oral Word
(Flueney) Percentiles 75.13 (23.78)
Wisconsin Card Sort

Errors (Executive Functioning) 53.16 (26.84)

M odified Titrated M onetary
Incentive Delay
$ (Reward.Processing)

38.01 (11.75)

Facial Emotion Perception

Fear Accuracy 0.81 (0.11)
Anger Accuracy 0.66 (0.22)
Happy Accuracy 0.96 (0.08)
Sad Accuracy 0.77 (0.19)
Neutral Accuracy 0.77 (0.22)

Parametric Go/No-go

51.85 (17.37)

10.54 (1.88)

73.76 (23.21)

59.15 (25.97)

36.42 (11.06)

0.81 (0.13)
0.76 (0.19)
0.97 (0.06)
0.84 (0.14)

0.68 (0.2)

This article is protected by copyright. All rights reserved

62.08 (37.56)

9.47 (1.47)

76.31 (29.61)

60.31 (36.39)

33.8 (13.61)

0.93 (0.07)
0.91 (0.11)
0.96 (0.06)
0.80 (0.15)

0.72 (0.08)

1.14

1.89

0.06

0.47

0.48

4.15

6.56

0.42

1.27

1.55

.33

.16

.94

.63

.62

022
.003°
.66
29

.22
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2 Target RT 424,51 (37.22) 423.15 (46.31) 436.06 (66.38) 0.38 .69
2 Target Inhibition 0.77(0.19)  0.77(0.18)  0.69(0.20) 0.99 .38
3 Target RT 498.89 (51.99) 491.66 (53.22) 509.69 (52.93) 0.57 .57
3 Targét Tnhibition 0.58 (0.19)  0.66(0.19)  0.54(0.16) 2.12 .13

#Bonferrani carrections were used. All significgavalues are shown.

Min= Minimal, Mod=Moderate, Sev = Severe, M= Mean, SD= Standard Deviation, sec= seconds, GOMitkelledOral Word Association
Test, WSCTAVisconsin Card Sorting Test, MiD= Modified Monetary Incentive Delay, FEPT= Facial Emotion Perception TR&ING=
Parametric Go/N@o, RT= Reaction Timé& Sev > Min, Mod? = Sev > Min
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Figure 1. Example ddistributionfor a depression and mariactorsof the MOODSR.

Caption.Psychomotor Retardatiq/) and Psychomotor ActivatiofiB) is shown separated lgyoup There isvery little overlapof the Min and

Sev groupsMin= Minimal, Mod= ModerateSev= Severe
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Figure 2. Differences in Connectivity to RVSs seed.

Caption. Regions of significant differences between groups are disptaladel A. Mean connectivity for each group is illustrated for each
cluster in'Panel B. Error bars represent 1 standard error. Significant relgisonstween clusters are denoted by asterisks.: ** =p<.05 between
Min and Sev, #**= p<.05 between Mod disev, MFG=Middle Frontal Gyrus, IFG=Inferior Frontal Gyrus, ACC=AnteriogGliate Cortex,
PCUN=:Rrecuneus
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Figure 3. Differences in Connectivity to/Ss seed.

Caption. Regions of significant differences between groups are displayed in Pifeafconnectivity for each group is illustrated for each
cluster insPanel=BError bars represeitstandard errorSignificant relationships between clusters are denoted by asterighs.05 between
Min and Mod** = p<.05 between Min and Sev, ***p<.05between Mod and 8SeMFG=Middle Frontal Gyrus, IFG=Inferior Frontal Gyrus,
ACC=AnterionCingulate, SMG=Supramarginal Gyrus, PCC= Posterior Cingotatex, LING= Lingual Gyrus, FFG=Fusiform Gyrus,
CAU=Caudate
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Figure 4 Differences in Connectivity tRVSi seed.

Caption. (Regions of significant differences between groups are displayed in Phtelmsignal for each
group is illustrated for each cluster in PaneEBor bars represeitstandard error* = p<.05 between Min

and Sev, #**=p<.05 between Mod anHev Reference List
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