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1 | INTRODUCTION

Abstract

Objectives: Cognitive dysfunction is a key feature of bipolar disorder (BD). However,
not much is known about its temporal stability, as some studies have demonstrated a
neurodegenerative model in BD while others have shown no change in cognitive func-
tioning over time. Building upon our prior work, which examined the natural course of
executive functioning, the current study aimed to investigate the natural course of
memory, emotion processing, and fine motor dexterity over a 5-year period in BD and
healthy control (HC) samples.

Methods: Using a 5-year longitudinal cohort, 90 individuals with BD and 17 HCs were
administered a battery of neuropsychological tests at study baseline and at 1 and
5 years after study entry that captured four areas of cognitive performance: visual
memory, auditory memory, emotion processing, and fine motor dexterity.

Results: Latent 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
negatively associated with visual memory, emotion processing, and fine motor dexter-
ity. Education level was positively associated with auditory and visual memory and fine
motor. Female gender was negatively associated with emotion processing.
Conclusions: Extending our prior work on longitudinal evaluation of executive func-
tioning, individuals with BD show similar linear change in other areas of cognitive
functioning including memory, emotion processing, and fine motor dexterity as com-
pared to unaffected HCs. Age, education, and gender may have some differential ef-

fects on cognitive changes.
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functioning,é’8 supporting a neurodegenerative model in BD, whereas

others have shown no change in cognitive functioning over time.”*4

Cognitive dysfunction is considered a core feature of bipolar disor-
der (BD) that is apparent during acute mood states as well as during
periods of euthymia.l> However, the temporal stability of this cogni-
tive dysfunction is less clear, as few longitudinal studies have found

consistent results. Several studies have shown progressive decline in

In a cross-sectional study we conducted in 2013, using a large sam-
ple of individuals with BD, we found that those with BD performed
worse than unaffected healthy controls (HCs) in four different areas

4,15

of executive functioning,**> consistent with prior literature.*>'” In the

5-year follow-up of the same cohort, the linear change on measures
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TABLE 1 Demographic characteristics and cognitive performance factor scores for the bipolar and healthy control groups.

Baseline 1 year
Healthy Healthy

Baseline Bipolar n=90 controls n=17 t P Effect size® Bipolar n=90 controls n=17
Age 42.06 (11.30) 35.88(15.48) -1.94 .06 0.46 - -
Education 15.53 (2.18) 16.71 (2.02) 2.05 .04 -0.56 = =
Gender?
% female 74.40 76.50 0.03 .86 0.02 = =
Verbal intelligence” 12.49 (2.81) 13.18(3.12) 0.91 37 -0.23 - -
HRDS 8.23 (5.70) 1.97 (2.20) -4.45 <.001 1.45 7.74 (5.94) 1.60 (2.15)
YMRS 2.59 (3.47) 0.29 (0.59) -2.71 .01 0.92 2.64(3.97) 0.86 (1.70)
Auditory memory -0.36 (0.82) -0.22 (0.84) 0.62 .54 -0.17 -0.33 (0.8¢) 0.02 (1.06)
Visual memory -0.52(1.17) 0.49 (1.10) 3.31 .001 -0.89 -0.23(1.20) 0.61(0.98)
Fine motor -0.82 (1.02) 0.28 (0.78) 4.21 <.001 -1.21 -0.61 (1.10) 0.45 (0.91)
Emotion processing -0.44 (1.64) 0.19 (0.69) 1.30 .20 -0.50 -0.33(1.63) 0.40 (0.81)

Data are presented as mean (SD).

HRDS, Hamilton Rating Scale for Depression; YMRS, Young Mania Rating Scale.
aChi-square analyses.

PWASI 1Q, Wechsler Abbreviated Scale of Intelligence Vocabulary scaled score.
‘Cohen’s d or Cramer’s V.

of executive functioning among those with BD was no different from 2 | MATERIALS AND METHODS
the change for HCs.! This suggests that the longitudinal course of ex-
ecutive functioning may not be dependent on having a BD diagnosis. 2.1 | Subjects

Further, these results were interpreted to suggest that the executive

functioning deficits in BD are not age-accelerated, age-compounded, or Participants were enrolled in the Prechter Longitudinal Study of BD,

. . . . b tional cohort stud theri henotypi d biological
neurodegenerative, extending earlier work using smaller samples‘l'lg'19 Zn ° ser:a fonal conort stu P:l ga e:ng phenotypic an X lologlica
. . . ta, at the Uni ity of Michigan. The Uni ity of Michi insti-
We extend our prior work!® by now investigating other areas of ata,a | ¢ nl\;er5|dy :)RB Ichigan g E mverI TIO Ichigan insti
. . . . tuti i this st f tici t
cognition commonly known to be deficient in BD, notably the areas utional review board (IRB) approve 15 study, all participants gave

. . . X informed consent, and each participant received incentive payment
of memory, emotion processing, and fine motor dexterity. These P P pay

" . . for participation in the longitudinal study. Recruitment for the study
cognitive areas, particularly memory, may be more appropriate to

L . . . occurred through advertisements in community mental health cent-
examine in order to determine disease-related progressive change, | N |

o . ers, in an outpatient specialty psychiatric clinic, in an inpatient psy-
as one longitudinal study found that memory was the only cognitive P P Y Psy P PsYy

. . . . . chiatric clinic, in local newspapers, at community outreach events,
area subject to change over time in BD.2 Therefore, our main objec- pap Y

. . N . . and on the web. Participants who were enrolled in the longitudinal
tive was to examine the longitudinal trajectory of verbal and visual P &

. . . . study from 2005 to 2008 and had 5-year follow-up data were used
memory, emotion processing, and fine motor dexterity over 5 years

for thi . This incl H individuals who h i -
in a large sample of individuals with BD who were being followed in or this study. This included HCs and individuals who had a diagno

the Prechter Longitudinal Study of BD.*?° Similar to our prior work, sis of BD. Out of the 264 participants who had been enrolled long

we used a statistical approach, latent growth curve modeling (LGCM), enough to complete a 5-year follow-up visit, 108 completed the 5-

that offers many advantages over traditional methods for longitudi- year neuropsychological re-testing and thus were included in this

21 - . . . . L . study’s main analyses. Ninety-one of those individuals had BD (bi-
nal analyses“" in that it can examine nonlinear relationships in cogni- ar disord | [BD 11. 80 bivolar disord
. - i t , tici ts; bi i t

tive change, correlate measurement errors related to each cognitive polar disorder type | [ ] participants; bipolar disorder type
11 [BD 1l], nine participants; bipolar disorder not otherwise specified

[BD-NOS], two participants), and 17 were HCs. Eight HCs who com-

pleted re-testing were excluded from analyses as their diagnoses had

variable over time, correlate trajectories with each other, and account
for any missing data. Consistent with our prior findings and those of

others, we hypothesized that memory, emotion processing, and fine o p J P P disord
. . . changed (four received a new diagnosis of major depressive disorder,
motor dexterity would be systematically worse in the BD group as dg ( NOS g I g pd BTSD
. one depression , one post-traumatic stress disorder ,one
compared to the HC group at baseline (study entry). Further, based on P P [ ]
- . . . e . . BD Il, and one BD I). Notably, there was no significant difference
similar trajectories of executive functioning across 5 years in this sam- b N basel ds ol
R . etween these participants’ baseline and 5-year neuropsychologi-
ple,'®> we expected there would be similar linear changes in memory, P P Y psy g

. . ) . . cal scores. Specific comparisons between those with BD and HCs
emotion processing, and fine motor dexterity over 5 years, indicating h loted did | h foll

" . . t r di t te the 5-year -up testi

that these cognitive deficits in BD are likely not age-accelerated, age- who completed or did no conlg cle the sryear follow-up testing
) are presented in our prior work.™> Overall there were no differences
compounded, or neurodegenerative.
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5 year
Healthy controls
t P Effect size® Bipolar n=90 n=17 t P Effect size®
-4.20 <.001 1.37 7.54 (5.33) 1.00 (1.17) —5.02 <.001 1.69
-1.65 .10 0.58 3.04 (3.75) 0.76 (1.52) -2.46 .02 0.80
1.49 .14 -0.36 -0.27 (0.79) -0.05 (1.07) 1.00 .32 -0.23
2.72 .01 -0.77 0.19 (1.21) 1.14 (1.06) 3.02 .003 -0.84
3.84 <.001 -1.05 -1.06 (1.16) 0.04 (0.93) 3.60 <.001 -1.04
1.75 .08 -0.57 -0.12(0.92) 0.11 (1.00) 0.92 .36 -0.24

between the “completers” and “non-completers” in terms of clinical
status and clinical variables.

All participants were evaluated at study baseline to confirm diag-
noses using the Diagnostic Interview for Genetic Studies (DIGS).23 To
come to a consensus on the most accurate diagnosis for the partici-
pants, the DIGS information and medical records were considered by
two authors during a best estimate process. If participants had active
substance use or a neurological disease at the time of enroliment, they
were excluded. Clinician-administered measures (Hamilton Rating
Scale for Depression [HRDS]?*; Young Mania Rating Scale [YMRS]%°)
were given by trained staff, who were supervised by a study clinician,
to rate mood symptoms for each participant during neuropsychologi-
cal testing at baseline, year 1, and year 5 (Table 1). Those with BD had
a range of mood symptoms. Each participant’s medication classes and
composite load score were determined with methods adapted from

other groups,2¢%°

in which higher scores represent a larger medica-
tion burden. To describe our BD sample, clinical variables obtained
from the DIGS interview are listed in Supporting Information Table S1
(under “completers”) but are also in prior published work.'®> However,
these variables could not be included in the main LGCM analyses, as
the present study aimed to examine how a BD diagnosis, compared to

HCs, affects changes in cognitive performance over time.

2.2 | Neuropsychological assessment

A neuropsychological test battery, akin to our previously published

k,*?° was administered. Trained staff administered the neuropsy-

wor|
chological tasks at study baseline, and 1 and 5 years after study entry.
Training and supervision of test administration was overseen by licensed
clinicians (KAR, SAL and DFM). The tests were used to measure cogni-

tive performance in four cognitive domains: auditory memory (verbal

learning and memory), visual memory (visuospatial memory), fine motor
dexterity, and emotion processing. Neuropsychological tests included:
the California Verbal Learning Test-Il (CVLT-I),*? Rey-Osterrieth
Complex Figure Test (RCFT),? Purdue Pegboard,*® Emotion Perception
Test (EPT),** and the Facial Emotion Perception Test (FEPT).3>%¢
Accordant with our previous work?®®” and due to the large num-
ber of variables within the neuropsychological tests, we used standard
data reduction techniques (principal axis factor analysis) to reduce the
tests using conceptually and theoretically categorized variables.3®4?
First, all scores with negative scale properties were inverted; as a re-
sult, lower factor scores reflect poorer performance. Second, a con-
firmatory factor analysis with oblique rotation was computed with
the above variables, consistent with our prior study.20 The four latent
factors were auditory memory (verbal learning and memory), visual
memory (visuospatial memory), fine motor dexterity, and emotion pro-
cessing. Factor scores were calculated by taking the mean z-score of
the cognitive subtests used in computing each latent factor score. The
subtests and the reliability of each score are illustrated in Supporting
Information Table S2. Briefly, scores from the CVLT-Il made up the
auditory memory domain, scores from the RCFT made up the visual
memory domain, scores from the Purdue Pegboard made up the fine
motor dexterity domain, and scores from the EPT and FEPT made up
the emotion processing domain. The Wechsler Abbreviated Scale of
Intelligence vocabulary subtest*? was used to estimate overall verbal

intelligence.

2.3 | Data analysis

We used IBM SPSS 22 (IBM Corp., Armonk, NY, USA) for univariate and
bivariate analyses. For bivariate analysis, we used Pearson or Spearman
correlation tests. AMOS 22.0*% was used to run LGCM, which is a
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particular subtype of structural equation modeling.** AMOS uses full
information maximum likelihood (FIML) to handle missing data.

We ran four LGCMs for our four outcomes. First, we ran uncondi-
tional LGCMs which only included intercepts and slopes as outcomes,
without any covariate. Due to low sample size, we did not include qua-
dratic slope (none of the models with nonlinear slopes converged, due
to degree of freedom). Then, we ran four conditional LGCMs for our
four outcomes, with BD as the main independent variable, age, gen-
der, and education as covariates, and outcomes as intercept and linear
slope. We also included covariance between intercept and linear slope.

In our conditional models, we drew eight paths from BD as well as
other covariates (age, gender, and education) to intercept and linear
slope. As our focus was on main effect of BD in pooled sample com-
parison of those with BD and HCs, we could only include covariates
that were common between our groups. As a result, this study did not
control for clinical variables that are limited to those with BD, such as
type of iliness, medications, age of onset, or rapid cycling.

We evaluated the fit of our model based on the comparative fit
index (CFI; >0.90), the chi-square to degrees of freedom ratio (<4.0),
and the root mean squared error of approximation (RMSEA; <0.08).%>"
42 An RMSEA value <0.08 is generally considered a good fit.*> Low
sample size explains our RMSEA of 0.08.%° In addition, we did not re-
port standardized root mean square residual (SRMR) because of our
low sample size. SRMR is considerably biased (positively) for small N
and for low df studies.® Unstandardized regression coefficients, stan-

dard errors (SEs), and P-values were reported for each path.

3 | RESULTS

3.1 | Descriptive statistics

As reported in our prior work,'® there was a significant group differ-
ence for education (t(105)=2.05, P=.04), with the BD group having
fewer years of education than the HC group. There was a trend toward
significant group differences in age (t(105)=-1.94, P=.06) but no sig-
nificant difference in gender (x%(1, N=107)=0.03, P=.86) or general ver-
bal intelligence (vocabulary scaled score) (t(105)=0.91, P=.37). Table 1
illustrates group comparisons for each of the four cognitive perfor-
mance domains at each of the three time points: baseline, 1 year, and
5 years. The BD group generally underperformed in visual memory and
fine motor compared to the HC group across all three time points.

3.2 | Bivariate analysis

Table 2a shows the intercorrelations between the cognitive perfor-
mance factor scores across the three time points for all participants.
Based on the oblique factor scores being related to the same cognitive
construct, baseline visual memory, auditory memory, fine motor, and
emotion processing scores were positively correlated with each other,
with coefficients ranging from .19 to .59. For intercorrelations, visual
memory at baseline was significantly and moderately correlated with
visual memory year 1 (r=.66, P<.001) and significantly and strongly cor-
related with visual memory year 5 (r=.77, P<.001). Auditory memory

at baseline was significantly and moderately correlated with auditory
memory year 1 (r=.59, P<.001) and year 5 (r=.66, P<.001). Motor at
baseline showed significant and strong correlations with motor year 1
(r=.78, P<.001) and year 5 (r=.75, P<.001). Emotion processing at base-
line showed a strong and significant correlation with emotion process-
ing year 1 (r=.85, P<.001) but a weaker albeit still significant correlation
with emotion processing year 5 (r=.41, P=.001), indicating that this
variable was less stable over time.

Age was consistently negatively associated with visual memory, fine
motor, and emotion processing at baseline, year 1, and year 5. Education
was only significantly correlated with visual memory at year 1, auditory
memory at year 5, and motor at baseline and year 5 (Table 2a). As this
study examines cognitive trajectory based on diagnosis instead of the
clinical aspects of BD, correlations between these clinical variables and
the baseline, year 1, and year 5 cognitive performance scores are given
in Supporting Information Table S3. Chronicity of mood symptoms, im-
pact of iliness based on clinician ratings, age of onset, years with BD
illness, and number of lifetime mood episodes (all from the baseline
DIGS interview) were all consistently negatively associated with the
cognitive performance scores. Of those, significant associations were
found between chronicity of mood and auditory memory at years 1 and
5 (r=-.28, -.31), illness impact and emotion processing at baseline, au-
ditory 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 and vi-
sual memory at baseline were significantly correlated with those at year
5, fine motor at years 1 and 5, and emotion processing at year 5 (r values
ranged from -.25 to -.32; see Table S3), and number of lifetime mood
episodes and auditory memory at year 1 (r=-.32). Depression and mania
symptom ratings (Table 2b) were not consistently related to cognitive
factor scores, although YMRS at year 1 was negatively associated with
visual and auditory memory at year 1 (r=-.22, -.22). In addition, while
there were significant correlations between rapid cycling and auditory
memory at year 1 (r=-.31) and history of psychosis and visual memory

at baseline (r=.23), no consistent patterns were observed.

3.3 | Latent growth curve modeling

The fit of the visual memory model was very good (CFI=0.974,
¥?=13.592, df=8, ¥*/df=1.699, P=.093, RMSEA=0.081). According to
the results of the model, age was negatively associated with baseline
visual memory, suggesting that higher age at baseline is associated
with a lower visual memory score. Education was positively associated
with baseline visual memory, suggesting that more educated individu-
als had higher visual memory scores at baseline. There was a positive
and significant covariance between the intercept and linear slope of
visual memory, suggesting that individuals who are worse off at the
start point regarding visual memory would experience a larger decline
over time (B=0.052, SE=0.017, P=.002; Figure 1A).

The fit of the auditory memory model was also very good (CFI=0.982,
¥?=10.832, df=8, y*/df=1.354, P=.211, RMSEA=0.057). As Figure 1B
suggest, education was positively associated with baseline auditory
memory score, which suggests that individuals with a high education
level had a higher baseline auditory memory level. Age, gender, and
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‘ Age

Gender

‘ Education

BD‘

BD‘

hESY

/

CFI= .974, Chi-square = 13.592, df = 8, Chi-square
/df=1.699, Probability level =.093, RMSEA = 0.081

CFI=.982, Chi-square = 10.832, df= 8, Chi-square
/df=1.354, Probability level =.211, RMSEA=.057

‘ Age

‘ Gender ‘ ‘ Education

BD ‘ ‘ Age ‘Gender‘ ‘Education‘ BD ‘

FIGURE 1 Trajectory of cognitive
performance over 5 years amongindividuals
with bipolar disorder and controls using

\ g g

20.40.% s

\
026 '\ -0.55 /

latent growth modeling. (A) Visual memory
(VM), B) Auditory memory (AM), 1C)

FM-0 FM-1 FM-5

Emotion processing (EP), 1D) Fine motor
dexterity (FM).

BD were not associated with baseline or change in auditory memory
score. There was not any significant covariance between intercept
and linear slope of auditory memory, suggesting that the rate of de-
cline over time is independent of the start point for visual memory
(B=0.016, SE=0.010, P=.127).

The fit of the emotion processing model was very good (CF1=0.947,
¥?=15.272, df=3, y?/df=2.545, P=.018, RMSEA=0.046). Based on
this model, diagnosis (BD vs HC) was not significantly associated
with intercept or slope of emotion processing. Age was, however,
negatively associated with baseline emotion processing score, sug-
gesting that individuals who had a higher age at baseline had a lower
emotion processing score at baseline. Female gender was negatively
associated with the slope of the emotion processing over the 5-year
follow-up, suggesting that female gender was associated with worse
emotion processing change during the 5-year period. Education was
not associated with baseline or change of emotion processing. There
was a negative and significant covariance between the intercept and
linear slope of emotion processing (B=-0.280, SE=0.054, P<.001),
suggesting that individuals who start with better emotion process-
ing would be at risk of a larger decline over time (Figure 1C).

The fine motor model also showed a very good fit (CFI=0.959,
¥?=17.672, df=7, ¥*/df=2.525, P=.014, RMSEA=0.051). As Figure 1D
suggest, BD and age were negatively associated and education was
positively associated with the intercept of fine motor, suggesting
a lower level of fine motor at baseline among older individuals and
those with BD compared to HCs. Education was positively associated
with baseline fine motor, suggesting individuals with higher education
perform better at baseline for fine motor. Age was negatively asso-
ciated with the fine motor change over time, suggesting that having

higher age at baseline was associated with lower fine motor change

CFI=.947, Chi-square = 15.272, df = 3, Chi-square /df=2.545,
Probability level .018, RMSEA = 0.046

CFI=.959, Chi-square = 17.672, df = 7, Chi-square /df=2.525,
Probability level = .014, RMSEA = 0.051

over time. There was no significant covariance between the intercept
and linear slope of fine motor, suggesting that decline of fine motor
over 5 years does not depend on its start point (B=-.003, SE=0.014,
P=.839).

4 | DISCUSSION
In line with our recently published findings showing poorer executive
functioning performance among those with BD compared to controls
at baseline and similar linear change in executive functioning,*® our cur-
rent findings show the same pattern when assessing memory, emotion
processing, and fine motor dexterity skills. There was no difference in
the linear decline 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 5 years is
not dependent on having a BD diagnosis. The rate of change in those
with BD was equivalent to that in psychiatrically unaffected individuals.

Further, these results suggest that the cognitive deficits in BD are
not age-accelerated, age-compounded, or neurodegenerative, extend-
ing earlier work using smaller samples.”*25! We found a significant
effect of age on visual memory, emotion processing, and fine motor
dexterity and a significant effect of education on visual and auditory
memory and fine motor dexterity such that those who are older at
baseline and with less education perform poorer in these cognitive
areas, regardless of having a BD diagnosis or no psychiatric diagnosis.
This is expected based on normative aging52 and protective effects of
education.>®

Age appears to affect change in performance over time for fine

motor dexterity, which is also consistent with literature reporting that
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normal aging is associated with changes in processing speed. Our find-
ings indicate that this continues to be the case, regardless of having
a BD diagnosis. Most importantly, having a BD diagnosis does not
further enhance or accelerate this change over time, despite those
with BD performing worse in fine motor skills compared to the con-
trol sample. Having slower fine motor and processing speed skills is a
characteristic feature of the BD illness, and thus our results are in line
with accepted knowledge.

To address limitations in our prior work focused on executive
functioning trajectories, we now highlighted a broader area of cog-
nition to include fine motor dexterity, emotion processing, and mem-
ory, all areas thought to be deficient in BD, and memory in particular
is argued to be one area of disease-related progressive change. As
this is a particular strength in the present study, especially when
combined with our prior work on executive functioning, we did not
capture other areas that may be less commonly affected in psychi-
atric or neurological illness, such as social cognition, visual integra-
tion, or language functioning. In line with limitations outlined in our
prior work, this study also warrants further investigation to address
the generalizability of the results. Our HC group was relatively small
(n=17) and it is possible that they are not entire representative of a
“no diagnosis” group, especially given their younger age, which may
influence the overall findings. Along these lines, our overall sample
size is not large enough to increase our significance threshold to ac-
count for multiple testing 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 this
continues to be a naturalistic study, and we also include controls in
our LGCM who were not on any psychotropic medications to begin
with. From a methodological perspective, we continue to have too
small a sample size to include quadratic slope in addition to linear
slope, so we are not able to comment on nonlinear slopes. In our fu-
ture work, we plan to examine if specific scar orillness burden factors
are related to cognitive trajectories using latent growth curve anal-
ysis; such analyses and results are too lengthy to include in the cur-
rent study and warrant their own focused investigation. This will also
allow us to include covariates specific to the BD group in our models.
Specifically, we note in Supporting Information Table S3 that chro-
nicity of mood symptoms, impact of illness based on clinician ratings,
age of onset, years with BD illness, and number of lifetime mood ep-
isodes 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
in a deeper investigation into what illness parameters may influence
cognitive decline.

Consistent with findings from our longitudinal cohort study that
showed individuals with BD do not appear to have neurodegenera-
tion or age-compounding effects upon executive functioning skills,
our current findings show that this may be the case in other areas
of cognition, including memory, emotion processing, and fine motor
dexterity. Individuals with BD show persistent cognitive deficits com-
pared to controls, but with similar age-related declines across 5 years.
We intend to continue to follow this cohort, many of whom are now

within their 10th year of follow-up, to determine if BD continues to be
more a relapsing-remitting psychiatric illness than a neuroprogressive
one. We anticipate that these findings can inform the way in which
treatment is managed over time, notably indicating that those with BD
may be at risk for cognitive deficits, but are likely not at any great risk
for neurodegeneration, at least over a 5-year period.
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