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Abstract

Objectives=Cognitivedysfunction is a key feature of bipolar disorder (BD). However, not much
is known abouits temporal stabilityas some studies have demonstrated a neurodegenerative
model in BD while others have shown no change in cognitive functioning over time. Building
upon our prior work which examined the natural course of executive functioning, the current
study aimed to Investigate the natural coursa@inory emotion processing, and fine motor

dexterity.overasfive year period in BD and healthy control (HC) sasnpl

Methods:"Using dive-yearlongitudinal cohort, 90 individuals with BD and 17 HCs were
administered a battery of neuropsychological tests at study baseline, 1 year, and fieyears a
study entrythat captured four areasf cognitive performance: visual memory, auditory memory,

emotion processing, and fine motor dexterity.

Resultsiatent.Growth Curve Modeling showed no group differences in the slopes of any of the
cognitive'factors between the BD and HC groups. Age at baseline was negativelyedsatia
visual memory,;emotion processing, and fine motor dexterity. Education level wasgbpsitiv
associated with,auditory and visual memory and fine motor. Female gender was hegative
associated with emotion processing.

Conclusions: Extending our prior work on longitudinal evaluation of executive functioning,
individuals with BD show similar linear change in others areas of cognitive functioning

including memory, emotion processing, and fine mdtterityas compared to unaffected,
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healthy controlsAge, education, and gender may have some differential effects on cognitive
changes.

Keywords: lpolar disorder, neurodegenerative, cognitioifieetive disordersintroduction

Cognitive dysfunction is consideredcore feature dsipolar disorde(BD) thatis
apparenturing acute mood states as Mad during periods of euthymia (1-5). However, the
temporal stabilityof this cognitive dysfunction igss clearas fewlongitudinal studies have
found consistent results. Several studies have shown progressive decline onfiug¢6-8),
supportingsa neurodegenerative model in BD, whereas others have shown no change in cognitive
functioningover timg9-14).

In a cross-sectional study we conducted in 2013, using a large longitudinal study of
individuals with BD we found that those with BD perform worse than unaffected, healthy
controlsin four different areasf executive functioning (4, 15), congst with prior literature
(16, 17).Insthe-fiveyearfollow-up of the same cohortye¢ linear change on measures of
executive funetioning among those with BD was no different from the change for healthy
controls(15). This suggests that the longitudinal course of executive functioning may not be
dependenton having a BD diagnosiarther theseresultswere interpretetb suggest that the
executive functioning deficits in BD are not agecelerated, aggompounded, or
neurodegenerative, extendinglearwork using smaller samplé€s, 18,19).

We.extend our prior work (15) by now investigating other areas of cognition commonly
known to be.deficient in BD, notably the areas of memory, emotion processing, and fine motor
dexterity. These cognitive areas, particularly memory, may be more appropriate to examine in
orderto determine diseagelated progressive changesone longitudinal study found that
memory was.the only cognitive area subject to change over time in BD (3). Themfonain
objectivewas toexamine thdéongitudinal trajectoryof verbal and visual memory, emotion
processingg@nd fine motor dexterdyer five years in a large sample of individuals with BD
who werebeing_ followed in the Prechter Longitudinal study of BD (4, dnilar to our prior
work (15), we useda statistical approachatent Growth Curve Modeling (LGCMhat offers
many advantages over traditional methods for longitudinal analyseis {R&) it carexamine
nondinear relationships in cognitive change, corretagasurement errors related to each
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cognitive variable over time, correlatajectories with eachther, and account for any missing
data. Consistent with our prior findings and that of others, we hypothesized that memory,
emotion processing, and fine motor dexterity wouldymematicallyworse in the BD group as
compared. to the healthy control group at baseline (study entry). Furthet dmasienilar
trajectories.of.executive functioning across five yearsisigamplg(15), we expectedhere will
be similarlinear changes in memoeynotion processing, and fine motor dexterity over five
years, indicating thahesecognitive deficits in BD arékely not ageaccelerated, age

compounded; or neurodegenerative (22).

MaterialsandMethods
Subjects

Participants were enrolled in the Prechter Longitudinal Study of BD, anvakiseal
cohort study gathering phenotypic and biological data, at the University of Michigan. The
University of Michigan IRB approved this stuafl participans were given informed consents,
and each participant received incentive payment for participation in the longitsidica
Recruitment for the study occurred through advertisements in community mental batdtis,c
an outpatient specialty psychiatdlinic, an inpatient psychiatric cliniégcal newspaper, at
commupnity-outreach events, and on the welti€tpants who were enrolled in the longitudinal
study from 2005-2008 and had fiyear followrup data were used for this study. This included
healthy controlsHC) and individuals who had a diagnosis of BD. Out of the 264 participants
who had beenenrolled long enough to complete ayia-followup visit, 108 completed the
five-year neuroepsychologicaltesting and thus were included in tetady’s main analyses.
Ninety-one of those individuals had BD (80 BD I, 9 BD I, 2 BIS), and 17 were HC. Eight
HC who completed réesting were excluded from analyses as their diagmbad changed (4
received a.new.diagnosis of Major Depressive Disril Depression NOS, 1 PTSD, 1 BD type
II, and 1 BD.type I). Notablythere was no significant difference between these participants’
baseline andfiviyear neuropsychological scores. Specific comparisons betivess with BD
and HC whe eompleted or did not complete the five-year folipvesting ar@resented in our
prior work (15). Qverallthere were no differences between the “completers” and “non

completers” in terms dflinical status and clinical variables

This article is protected by copyright. All rights reserved



All participants were evaluated at study baseline to confirm diagnoses using the
Diagnostic Interview for Genetic Studies (DIG&)). To come to a consensus on the most
accurate diagnosis for the participants, &S informationand medical records were
considered by two authodsiring a best estimate process. If participants had active substance use
or a neurological disease at the time of enroliment, they were excluded. Cleuicranistered
measures (Hamilton RagrScale for Depression, HRD&4); Young Mania Ratin§cale,

YMRS (25))'were given by trainestaff, who were supervised by a study clinician, to rate mood
symptoms for-each participant during neuropsychological testing at baseline, year Brahd ye
(Table 1).Those with BD had a range of mood symptoEech participant’snedication classes

and compgsitesload score were determined with methods adapted from other groups (26-31), in
which higher scores represent a larger medication burden. To describe our BD sample, clinical
variables obtained from the DIGS interview are listed in Supplemental Table 1 (under
“‘completers”)but are also in prior published work (15). However, these variables could not be
included in.the main LGCM analyses, as the present study aimed to examine how a BD
diagnosisgeompared to HC, affects changes in cognitive performance over time.
Neuropsychological Assessment

A'neuropsychological test battery, akin to our previously publigiaed (4, 20) was
administeredTrained stafadministered theeuropsychological tasks at study baseline, and 1
and 5 years after study entry. Training and supervision of test administration \wseeovey
licensed clinicians (KAR, SAL, EM). The tests were used to measure cognitive perfocena
four cognitiverdomains: auditory mmry (verbal learning and memory)isualmemory
(visuospatialsmemory¥ine motor dexterity, and emotion processiNguropsychological tests
included: the Caflornia Verbal Learning Tedt-(CVLT-Il) (32), Rey-Osterrieth Comple¥igure
Test(RCFK]I)(33), Purdue Pegboard (34), Emotion Perception (E#3T) (35), and the~acial
Emotion Perception Te§EFEPT)(36, 37).

Accordant with our previous work (20, 38) and due to the large number of variables
within the _neuropsychological tests, we used standard data reduction techpioogsal axis
factor analysis) to reduce the tests using conceptually and theoretically categorized {@®iables
42). First, all scores with negative scale properties were inverted; as a result, lower factor scores
reflect poorer performance. Second, a confirmatory factor analysis with obbigtien was
computed with the above variables, consistent with our prior studyi{@8)our latent factors
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wereauditory memory(verbal learning and memorwjisual memoryvisuospatial memory),

fine motor dexterity, and emotion processiRgctor scores were calculated by taking the mean
z-score of theognitive subtests used in computing elaténtfactor scoreThe subtests and the
reliability of each score are illustrated in Supplemental T2Bziefly, scores from th€VLT-

Il made up_.the auditory memory domaingis from the RCFT made up thisual memory
domain, scores fronmé Purdue Pegboard made up the fine maatedity domainand scores
from theEPTand FEPT made up teeotion pocessinglomain.The Wechsler Abbreviated

Scale ofintelligence vocabulary subtest (48as used to estimate overall verbal intelligence.

DataAnalysis

Weused IBM SPSS 22 for univariate and bivariate analyses. For bivariate analysis, we
used Pearson ar Spearman correlation tests. AMOS 248).0vas used to rundtentGrowth
Curve ModelingLGCM), which is a particular sutype of structural equation modeling (45).
AMOS uses full information maximum likelihood (FIML) to handle missing data.

Wegranrfour LGCMs for our four outcomes. First, we ran unconditional LGCMs which
only includediintercepts and slopes as outcomes, without any covariate. Due to low sample si
we did notinclude quadratic slope (none of the models with non-linear slopes converged, due to
degree ofdfreedom). Then, we ran four conditional LGCMs for our four outcomes, with BD as
the main independent variable, age, gender, and education as covariates, and outcomes as
intercept and linear slop@/e also included covariance between intercept and linear slope.

In oureenditional models, we drew eight paths from BD as well as other covargges (a
gender, andweducation) to intercept and linear slope. As our focus was on main efi2ah of B
pooled sample comparison of BD and He coud only include covariates that were common
between aur groups. As a result, this study did not control for clinical varihbleare limited to
those with.BD, such as type of iliness, medications, age of onset, or rapid cycling.

We evaluated fit of our model based on comparative fit index (CFl, larger than 0.90), the
chi-square tordegrees of freedom rakes¢ than 4.0 and the root mean squared error of
approximation (RMSEA, less than 0.08) (46-59RMSEA value less than .08 is generally
considered a good fit(46). Low sample size explains our RMSEA of 0.08(51). In addition, we did

not report SRMR because of our low sample size. SRMR is considerably biased (positively) for
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small N and for low détudeq 5] Unstandardized regression coefficients, standard errors (SE)
andp-values were reported for each path.

Results
Descriptive statistics

As reported in or prior work(15), there was a significant group difference for education,
t(105)=2.05p=0.04, with the BD group having fewer years of education than the HC group.
Therewasa'trend towarsignificant group differences iage, t(105)<1.94,p=0.06 but no
significant difference imendery*(1, N=107)=0.03p=0.86 or general verbal intelligence
(Vocabulary sealed score(105)=0.91p=0.37. Table 1 illustrates group comparisons for each
of the four'eognitive performance domains at each of the three time paastiri2, one year,
and five year. The BD group generally underperformedsnalmemory andine motor

compared to.the HC group across all three time points.

Bivariate analysis

Table 2a shows the intercorrelations between the cognitive performance factor scores
across thesthree time points for all participants. Based on the oblique factor scores being related
to the same cognitive construct, baseline visual memory, auditory memory, fing amotor
emotion processing scores were positively correlated with each other, witltieod$franging
from .19 t0,.59. For intercorrelations, baseline visual memory was significantly andatebge
correlatedwith'year 1 (r=.66p <0.001) and significantly and strongly correlatgth year 5
(r=.77,p <0:001). Baseline auditory memory was significantly and moderately correlated wit
year 1 (r=.59p <0.001) and year 5 (r=.66,<0.001). Baseline motor showed significant and
strong correlations with year 1 (r=.48<0.001) and year 5 (r=.7p,<0.001). Baseline emotion
processing.shoewed a strong and significant correlation with year 1 (p=85001) but a
weaker albeit.still significant correlation with year 5 (r=.440.001),indicating that this
variable was'less stable over time.

Age was consistently negatively associated with visual merfinepnotor, and emotion
processing at baseline, year 1, and year 5. Education was only significantly comélatedual
memory at year 1, auditory memory at year 5, and motor at baseline and year 28 ahke

this study examines cognitive trajectory &@on diagnosis instead of the clinical aspects of BD,
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correlations between these clinical variables and the baseline, year 1, and year 5 cognitive
performance scores are given in Supplemental TakBronicity of moogymptomsimpact of
illnessbased a clinician ratingsage of onset, years wiBD illness, and number of lifetime
mood episode&ll from the baselineDIGS interview)were all consistently negatively associated
with the cognitive performance scores. Of those, significant associationfowedebetween
chronicity of mood and auditory memory at years 1 and 5 (r=-.28, -.31), illness impact and
emotion’'processing at baseline, auditory memory and fine motor at year 5 (r=-.24, -.26, -.25)
and age of BD'onset and fine motor at baseline (r=-.21). Years with illness andnesoaty at
baselinevas significantly correlated wityear 5, fine motor at years 1 and 5, and emotion
processingsatryear 5 (r's ranged5 b -.32, see Supplemental Tab)e &d number of lifetime
mood episodes and auditory memory at year 1 (r=-.32). Depressioraarabymptomratings
(Table 2b) were not consistently related to cognitive factor scores, though YMRS at year 1 was
negatively associated with visual and auditory memory at year 1 (r=-.22, -.22). lomdaditie
there were,significant correlations between rapid cycling and auditory memyegrat (r=-.31)
and history=efspsychosis and visual memory at baseline (r=.23), no congatems were

observed.

Latent Grewth Curve Modeling

Fit of theVisual Memory Model wasavery good CFI=0.974, Chi-square=13.592, df=8,
Chi-square,/df=1.699=0.093, RMSEA=0.081]. According to the results of khedel, age was
negativelyassociated with baselivisualmemory, suggesting that higher age at baseline is
asso@ted with‘a lowerisualmemory score. Education was positively associated with baseline
visualmemory, suggesting that more educated individuals had high&lmemory scorgat
baseline. There was a positive and significant covariance beinteecept and linear slop#

Visual Memory,. suggesting that individuals who are worse off at the start point regarding Visual
Memory would.experience a larger declomeer time (B=0.052 SE®$.017,p=0.002 Table 3 and
Figure 1-a.

Fit ofithe Auditory Memory Model was also very goodJFI=0.982, Chi-square=10.832,
df=8, Chi-square /df=1.354=0.211, RMSEA=0.05]7 As Table 3 and Figure 1-b suggest,
education was positively associated with baselumitory nemoryscores, which suggests high
education individuals had a higher baseline auditaynorylevel. Age, gender, and BD were
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not associated with baseline or changauditory nemoryscore There was not any significant
covariance betweentercept and lineardgpe of Auditory Memory, suggesting that the rate of
decline over time is independent of the start point for Visual Melfi#x0.016SE=0.010,
p=0.127).

Fit of.the Emotion Processing Model was very good [CFI=0.947, Ckguare25.272,
df=3, Chi-squargdf=2.545,p=0.018, RMSEA=0.046]. Based on this model, diagnosis (BD vs.
HC) was nosignificantly associatetb intercept or slope of emotiomqeessingAge was,
however, negatively associated with baseline emotioogssingscores, suggesting that
individuals who had a higher age at baseline had a lemetion pocessing score at baseline.
Female gender,was negatively associated with the slope @fnibigon processing over the 5-
year followsap ssuggesting that female gender was associated with emod®n processing
change during the fivgear period. Education was not associated with baseline of change of
emotion pocessing. There was a negative and significant covariance between intercept and
linear slopeof Emotion Processing (B=-0.280 SE=0.0549<0.001) suggesting that individuals
who start with=a better Emotion Processing would be at risk of a larger declinenw€rable
3 and Figure 1c

FineMotor Model also showed very good fi€FI1=0.959, Chisquare =17.672, df=7,
Chi-square/df2.525,p=0.014, RMSEA=0.051 As Table 3 and Figure 1-d suggest, BD and age
were negativelassociatednd education was positively associated with intercefan@imotor,
suggesting éower level offine motor at baseline among older individuals and thoseBth
compared4o"HCEducation was positively associated with basdlimemotor, suggesting
individuals'with higher education perform better at baseline for fine motor. Ag@egatively
associated with thitne motor change over time, suggesting thaifghigher age at baseline
was associated with low&ne motorchange over timelhere was no significant covariance
betweenntercept and linear slop# Fine Motor , suggesting that decline of Fine Motor over 5
years does.notdepend on its start pt-.003SE=0.014,p=0.839.
Discussion

In line with our recently published findings showing poorer executive functioning
performance among those with BDngpared to controls at baseline aiehilar linear change in
executive functioningl(d), our current findings show the same pattern when assessing memory,

emotion processing, and fine motor dextesikills. There was no difference in the linear decline
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of these cognitive scores over time between the BD and HC samples, similarly suggesting that
the longitudinal course of memory, emotion processing, and fine motor dexterity over fise yea
is not dependent on having a BD diagnosis. The rate of changewaB&yjuivalent to
psychiatrically unaffected individuals.

Further, these results suggest that the cognitive deficits in BD are rate@gerated,
age-compounded, or neurodegenerative, extendirigiework using smaller samplé-12, 52).
We found'asignificangffectof age on visual memory, emotion processing, and fine motor
dexterityanda“signiicanteffectof education on visual and auditory memory and fine motor
dexterity such that those wiaoe older at baselirend with less education perform poorer in
these cognitive,areagegardless of having a BD diagnosis or no psychiatric diagrigsssis
expected based on normative aging (B8)d other citesand protective effects of education
(54).

Age appears to affect change in performance over timfemfomotor dexterity, also
consistentwith literature that normal aging is associated with changes in processing speed. Our
findings indicate that this continues to be the case, regardless of having ageBsdiaMost
importantly; having a BD diagnosis does nothiartenhance or accelerate this change over time,
despite thase with BD performing worse in fine motor skills compared to the cartiples
Having slewer fine motor anprocessing speed skills is a characteristic feature of the BD illness
thus our results are in line with accepted knowledge.

To address limitations in our prior work focused on executive functioning trajes;toe
now highlighted a broader area of cognition to include fine motor dexterity, emotiongingces
and memorysall areas thought to be deficient in bipolar disorder, and memory inlgaitic
argued to/be one area of diseaslated progressive changdfs this is a particular strength in the
present study, especially when combined with our prior work on executive functiomirtig w
not capture.other areas that may be less commonly affected in psychiatric or neurological illness,
such as social.cognition, visual integration, or language functiomige with limitations
outlined in.eur prior work, this study alsarrantsfurther investigationo address
generalizability of the resultQur healthy control group was relatively small (n=17) and it is
possible that they are not entire representative of a “no diagnosis” group, lispe@a their
younger age, which may influence the overall findings. Along these lines, our ovenallk sam
size is not large enough to increase our significance threshold to account fplentestings
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and therefore our findings should only be considered preliminary and in need of replication in
higher powered samples. Further, we could not control for medication usage as thisesaoati
be a naturalistic stugynd we also include controls in our LGCM who were not on any
psychotropic medications to begin with. From a methodological perspegéwmntnue to have
a toosmallof.asample siz¢o include quadratic slope in addition to linear slgoewe are not
able to comment on non-linear slopes. Our future work plans on examining if spewifar sc
illness burden‘factors are related to cognitive trajectories using Latent Growth Curve analysis;
such analyses and resudi® too lengthyo incluce in the current study and warrant their own
focused investigation. This will also allow us to include covariates spéaithe BD group in
our modelsSpecifically, we note in the supplement table 3 ghabnicity of mood symptoms,
impact of illness based on clinician ratings, age of onset, years with BD illness, and number of
lifetime mood episodes were all consistently negatively associated with the cognitive
performance scores in the BD sample. We plan to investigate how these variables influence
cognitive trajectories within bipolar illness as a deeper investigation into what illness parameters
may influeneescognitive decline.

Consistent witHindings from our longitudinal cohort that showed individuals with BD
do not appear to have neurodegeneratromgecompounding effects upon executive functioning
skills, ourseurrent findings show that thmeybe the case in other areas of cognition, including
memory, emotion processing, and fine motor dexterity. Individuals with BD show persisten
cognitivedeficits compared to controls, but with similar agk&ated declines across five years.
We intendeeentinue to follow this cohort, many of whom are now within th&iyéar of
follow-up, te-determine if BD continues to showore of a relapsingemitting psychiatric illness
rather than a neuroprogressive one. We anticipate that these findings can infoay the w
which treatment is managed over time, notably that those witm&pbeat risk for cognitive

deficits butare likelynot at any great rislof neurodegeneratiaat least in a fiveyear period.
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Table 1. Demographic characteristics and cognitive performance factor scores for the bipolar and healthy control groups. Data are presented as Mean (SD).

Baseline 1Year 5Year
Bipolar Healthy t p Effect Bipolar n=90  Healthy t p Effect Bipolar Healthy t p Effect
n=90 Controls size® Controls size® n=90 Controls size®
n=17 n=17 n=17
Age 42.06'(11930)" 35.88 (15.48) -1.94 .06 0.46 - - - - - - - -
Education 15.53 (2.18) / 16.71 (2.02) 2.05 .04 056  -- . . - - - - -
Gender?®
% Females 74.40 76.50 0.03 0.86 0.02 -- -- -- -- -- - - -
Verbal 12.49 (281)™ 13.18 (3.12) 0.91  0.37 023 - . . - - - - -
Intelligence®
HRDS 8.23(6:70)  1.97 (2.20) -4.45  <0.001 1.45 7.74(5.94) 1.60(2.15) -4.20 <0.001 1.37 7.54(5.33) 1.00(1.17)  -5.02 <0.001 1.69
YMRS 2.59 (3.47)  0.29 (0.59) 271 0.01 0.92 2.64(3.97) 0.86(1.70) -1.65 0.10 0.58 3.04(3.75) 0.76(1.52)  -2.46 0.02 0.80
Auditory -0.36 (0.82) | -0.22 (0.84) 0.62 0.54 -0.17 -0.33(0.86) 0.02(1.06) 1.49 0.14 -0.36 -0.27(0.79) -0.05(1.07) 1.00 0.32 -0.23
Memory
Visual -0.52T.17Y" 0.49 (1.10) 3.31  0.001 -0.89  -0.23(1.20) 0.61(0.98) 272  0.01 -0.77  0.19(1.21) 1.14(1.06)  3.02 0.003 -0.84
Memory
Fine Motor -0.82 (1702) 0.28 (0.78) 421  <0.001 -121  -0.61(1.10) 0.45(0.91) 3.84 <0.001 -1.05  -1.06(1.16) 0.04(0.93)  3.60 <0.001 -1.04
Emotion -0.44 (1.64)  0.19 (0.69) 1.30 0.20 -0.50 -0.33(1.63) 0.40(0.81) 1.75 0.08 -0.57 -0.12(0.92) 0.11(1.00) 0.92 0.36 -0.24
Processing
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Notes:2Chi-Square analyse¥VASI IQ = Wechsler Abbreviated Scale of Intelligence Vocabulary scaled Sesten’s d or Cramer’s V; HRDS = Hamilton Rating Scale for Depression; YMRS = Young Mania
Rating Scale
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Table 2. Correlations between cognitive performance domains, demographics and mood rating variables

2a. Entire Sample

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
1 Gender 1.00

2 Age -07 1400

3 Education 14 .21% 1.00

4 HRDS_O A7 01...33* 1.00

5 YMRS 0O 04 104 -18 .38* 1.00

6 HRDS 1 16 -.09, -.30* .67* .35 1.00

7 YMRS_1 02 101 -.13/ .24* .33* 397 1.00

8 HRDS 5 01 -05 -35* .46% 41% 56* 21* 1.00

9 YMRS_5 -01 L05 [-06 | .17 .25* .25* .16 .33* 1.00

10 Vismem_0 -10 -37= .14 -25¢ -18 -15 -21* -15 .01 1.00

11 Audmem_ 0O .23+ -15 .150)-04 -12 .06 -05 -14 -04 .37* 1.00

12 Motor_0 18 -33% 26" .22¢ -15 -24* -24% -27* -08 .30** .19* 1.00

13 Emotion_0 .03 -87= 01 -18 -09 -04 -07 -0l -12 .37* .19 .59~ 1.00

14 Vismem_1 -02 -25%m19w=.28 -16 -15 -24* -20* -06 .66* .37** .41 .36** 1.00

15 Audmem_1 .17 -42wm22% -13 -19 -16 -19 -15 -11 .47% 59% 22¢ 21* 51* 100

16 Motor_1 12 -42 \47/ -15 -06 -24* -19 -25% -06 .34** 21* 78 42% 39% 26" 1.00

17 Emotion_1  .31#,-36%:0350-06 -04 -03 -07 -04 -09 .31 .17 .57* .85+ 28 21* 45 100

18 Vismem_5 -08 -23<Wg2 -20* -16 -19* -20* -24* -08 .77* 31% 34 35+ 73 51# 33% 29 100

19 Audmem_5 .28 06" 22* -06 -11 -03 -03 -17 -10 .39% .66%* .26%* .24% 45 74% 26+ 27+ 48 1.00

20 Motor_5 21% 477 22% 213 -10 -20% -20 -20% -05 .31% 25% 75 42% ALX* 31% 77 A7 37% 33 1.00

21 Emotion_5  27* -45% .02 -01 .02 -01 -09 -05 -04 .42+ 38" A1 A1 49+ 30% 304 A7+ A7+ 37+ 52% 100

22 Diagnosis  -.02 @8m=20% .46 32% 47+ 21* 53* 28* -35% -06 -38* -16 -28* -.24* -35% -23¢ -32¢ -17 -33* -13 1.00
2b. BD Upper Right, HG ewer Left

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 Gender 1.00__ %03 200 18 .02 .17 .05 .03 -03 -12 .16 .18 -04 .00 .21* .11 .28 -12 .26* 21 .20
2 Age -30 100 _.23* -09 -09 -18 -06 -17 -.13 -34* -06 -.31*-36% -21* -13 -38%-32% -23* 02 -41%*-42%
3 Education  -18 .38 1.00/-30* -15 -29% -14 -33* -03 .11 .18 .24* 00 .15 .20 .15 .02 .06 .23* .18 .01
4 HRDS O 47 12 -12_1.00 .32** @2* .19 .35* 08 -16 -04 -09 -15 -19 -12 -03 .01 -11 -04 .01 .03
5 YMRS_O 31719 |-08 .18 1.00 .29* .30 .34* 20 -13 -13 -06 -07 -12 -19 .03 -01 -11 -12 -02 .03
6 HRDS_1 38 -300 .23 .08 -20 100 .37** 47 .19 -06 .08 -13 .00 -07 -15 -15 .03 -13 -03 -11 .01
7 YMRS 1 -03 23 35 .19 .04 -03 100 .15 .13 -18 -04 -20 -04 -22* -22* -14 -04 -16 -03 -15 -05
8 HRDS 5 09 -01 .21 .18 -27 .15 .32 1.00 .26+ -01 -14 -12 .05 -10 -10 -12 .04 -13 -16 -16 .00
9 YMRS_5 08 20 .20 .11 -20 -03 .05 .39 100 .14 -02 .03 -08 .03 -08 .06 -04 .02 -07 .05 .02
10 Vismem_O0 .10 -33 -04 -01 .34 .36 .10 -23 -59* 1.00 .33 .24% 35% 2% A44* D5¢ D7k T4 34wk 0% 4w
11 Audmem_0O 54« -48 -09 .36 .44 .40 -11 .06 -02 .55* 1.00 .18 .17 .36 .59* .18 .12 .26* .64** .22+ 33
12 Motor_0O 31 -22 -05 .12 -00 .25 -08 -33 -32 .04 .18 1.00 .59* .37** .18 .75% 58 26* .26* .73* 40%*

This article is protected by copyright. All rights reserved



13 Emotion_0 .39
14 Vismem_1 -13
15 Audmem_1 -1s6
16 Motor_1 20
17 Emotion_1 .43
18 Vismem_5 -o1
19 Audmem_5 .41
20 Motor_5 22
21 Emotion_ 5 .60*

-.68*

-.28

.02

-44

-.64**

-.04

-21

-.60%

-.52*

-.25

14

17

-15

-.16

.14

.10

A2

-.28

21

-.29

.28

.16

.03

.03

.19

-.09

.07

44

46

.25

.35

.34

31

40

13

.39

.29

12

.29

.26

.27

.37

A8*

.28

.38

-15

17

.26

-15

.07

-16

.18

-.30

-57*

-.16

-42

-.15

-.26

.04

-.33

-.04

-33

-33

-.61*

-.58*

-.14

-.55*

-.56*

-.47

-21

=27

-.48

45

T3

51

.37

49

81**

.58*

A2

.38

44

.38

.62**

.34

.56*

.61*

T4

.37

.63*

.16 1.00
22 41
20 .26
2% 7T
.33 .91+
26 .25
21 47
.61* .64*
A7 .86**

.35%*

1.00

A1

A7

47

76%*

A49*

.54*

41

22

S

1.00

.27

.33

64

.90**

12

.28

39%* 85 35% 24* 39** 39
32% 24%  T1** 45% 33%* 50**
.22% 18 .48** .69** .30** .30**
1.00 .41% 24* 22* 75% 33**
6800 .25*% .23* .43* 43

A4 36 1.00 .45% 29*%* AL+
A2 58* .6@0D0 .34* 32%*
.70** 56* .31 .22 1.00 .50**

71% 85%  53*  52* .64** 1.00

Notes. p value < .05*, p value <.001**; HRDS = Hamilton Rating Scale for Depression; YMRS = Young Mania Rating Scale; Vismem = Visual

Memory factor score; Audmem = Auditory Memory factor scetor = Fine Motor factor scoreEmotion= Emotion Processing factor score

_0=Baseline; _1=1 year follow-up; _5=5 year follow-Dagnosis=BD vs HC.
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