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Abstract

Introduction—Changes in personality differ qualitatively and quantitatively between patients
with different neurodegenerative diseases, likely due to divergent patterns of regional
neurodegeneration. Regional damage to circuits underlying various cognitive and emotional
functions have been associated with interpersonal traits like dominance, extraversion, and warmth
in patients with neurodegenerative diseases, suggesting that personality may in part be mediated
by these more basic neuropsychological functions. In this study, we hypothesized that different
combinations of cognitive, neuropsychiatric, and emotional measures would predict different
interpersonal traits in patients with neurodegenerative diseases.

Methods—A battery of cognitive, neuropsychiatric, and emotional measures was administered to
286 patients with various neurodegenerative diseases such as Alzheimer’s disease, behavioral
variant frontotemporal dementia, semantic dementia, and progressive supranuclear palsy, and
informants described patients’ dominance, extraversion, and warmth using the Interpersonal
Adjective Scales (IAS) personality questionnaire. Regression modeling was performed to identify
which neuropsychological factors uniquely predicted current personality, controlling for age,
gender, and premorbid personality.

Results—Social dominance covaried with patients’ capacity for cognitive control and verbal
fluency. Conversely, warmth did not rely on these executive or verbal skills, but covaried
primarily with patients’ capacity for emotional responsiveness. Extraversion, representing a blend
of dominance and warmth, demonstrated an intermediate degree of relationship to both executive/
verbal and emotional functions.

Conclusions—These findings suggest that different personality traits are partly subserved by
specific cognitive and emotional functions in neurodegenerative disease patients. While this study
was performed in the context of brain damage, the results raise the question of whether individual
differences in these neuropsychological abilities may also underlie variability in normal
personality.
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Neurology, 350 Parnassus Avenue, Suite 905, San Francisco, CA 94143-1207, Phone: (415) 502-0619, Fax: (415) 476-4800,
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1. Introduction

Personality change is a common and often early symptom in neurodegenerative disease
(Duchek et al., 2007; Sollberger et al., in press). Specific patterns of personality change can
be directly associated with the severity and the type of the brain disease (Sollberger et al., in
press), providing strong evidence that personality arises in part from a neurologic basis.
Indeed, disease-specific personality changes have recently been associated with
degenerative lesions to specific brain structures (Sollberger et al., 2009). These patients also
show focal patterns of cognitive impairments as also neuropsychiatric and emotional
abnormalities, raising the question of whether the personality change observed to occur in
these patients can be better understood as changes to more fundamental neuropsychological
functions like working memory, verbal fluency, or emotional reactivity.

One study published in thirty-eight patients with Alzheimer’s disease (AD) used the Five-
Factor Model of Personality (McCrae and John, 1992) to examine correlations between
personality traits and global cognitive functioning (Chatterjee et al., 1992). Low
extraversion correlated with high Mini-Mental State Examination (MMSE) scores, but no
other correlations were found between MMSE and the traits of neuroticism, openness,
conscientiousness, or agreeableness. Apart from a probable lack of power and restriction of
range of personality scores within a single diagnostic group, the use of a crude overall
measure for cognitive functioning like the MMSE may lack the precision required to
delineate the complex cognitive characteristics underlying a personality trait. Moreover,
personality traits likely involve more emotional and social as well as basic cognitive
functions (Sollberger et al., 2009).

In this study, we hypothesized that different combinations of cognitive, neuropsychiatric,
and emotional measures would predict the different personality traits of the Interpersonal
Adjective Scales (IAS) in patients with neurodegenerative diseases. Based on the
circumplex model of personality underlying the 1AS (Fig. 1) (Wiggins, 1995), and evidence
for how this model corresponds with specific neuroanatomic substrates (Sollberger et al.,
2009), we proposed three hypotheses. 1) Individual variability in dominance, the personality
trait characterized by a person’s tendency to be assertive and highly active towards others,
would be partly explained by neuropsychiatric functioning like apathy and depression and
cognitive functioning like executive and verbal skills, but would not be significantly related
to emotional functioning. 2) Conversely, individual variability in warmth, the personality
trait characterized by a person’s tendency to derive reward from positive affiliations with
others, would be partly explained by neuropsychiatric and emotional functioning, while
standard cognitive functions would be unrelated. 3) Extraversion, the personality trait
representing a blend of dominance and warmth, would be partly explained by individual
variation in cognitive, neuropsychiatric, and emotional functioning. To examine these
hypotheses, we examined how measures of cognitive, neuropsychiatric, and emotional
functioning interrelated to predict three aspects of personality (dominance, warmth, and
extraversion) in a large cohort of patients with various neurodegenerative diseases.
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2. Methods

2.1. Subjects

A total of 286 patients diagnosed with one of eight neurodegenerative diseases were
recruited into the study. 66 patients were diagnosed with behavioral variant frontotemporal
dementia (bvFTD) (Neary et al., 1998), 49 with semantic dementia (SemD) (Neary et al.,
1998), 10 with progressive nonfluent aphasia (PNFA) (Neary et al., 1998), 91 with
Alzheimer’s disease (AD) (McKhann et al., 1984), 14 with amnestic mild cognitive
impairment (aMCI) (Petersen et al., 1999), 10 with AD plus dementia with Lewy bodies
(DLB) (McKeith et al., 2005), 26 with a corticobasal syndrome (CBS) (Boxer et al., 2006),
and 20 with progressive supranuclear palsy (PSP) (Boxer et al., 2006; Litvan et al., 1996).
Ten bvFTD patients and one PNFA patient had coexisting motor neuron disease. We
included patients from different diagnostic groups into the study specifically to increase the
variance of both interpersonal trait scores and cognitive, neuropsychiatric, and emotional
measures. Combining patients across diagnostic groups allowed the use of parametric
statistical methods, increasing the study’s statistical power to detect correlations between
interpersonal trait scores and their probable underlying neuropsychological correlates.

2.2. Interpersonal Adjective Scales (IAS)

The 1AS is a well-validated self- or other-report questionnaire based on the circumplex
model of personality, which aims to measure individual differences in interpersonal traits
(Wiggins, 1995) (Fig. 1). The instrument has been detailed elsewhere (Rankin et al., 2005;
Sollberger et al., 2009).

Loss of self-awareness is common in neurodegenerative diseases (Rankin et al., 2005).
Thus, we assumed that not all patients in this study were capable of producing a valid self-
assessment and used informant ratings to measure the interpersonal traits of all subjects. We
considered informant ratings to be valid estimates of the subjects interpersonal traits because
behaviors described by the IAS all are observable, not only by the subject, but by people
who frequently interact with them. Spouses, relatives or close friends who knew the patients
a minimum of 5 years were asked to fill out the personality questionnaire twice, first
describing the patient’s current interpersonal characteristics, and then describing how the
patient was before the onset of disease (premorbid interpersonal characteristics). Though
self and informant ratings of personality show unique variances in healthy adults, there is
evidence for a high convergent validity between the two rating types (Connolly et al., 2007).
In patients with dementia, collecting data from caregivers and others who know the patient
well is an effective and reliable method for assessing personality traits (Siegler et al., 1994;
Strauss et al., 1993), and informant ratings using the IAS in particular have excellent internal
and temporal reliability (Kurtz et al., 1999).

Based on recent neuroimaging findings for 1AS interpersonal traits (Sollberger et al., 2009),
we derived three interpersonal composite scores from the 1AS and labeled them as
Dominance (derived from an arithmetic combination of dominance and submissiveness
scores), Extraversion (extraversion & introversion scores), and Warmth (warmth & coldness
scores). We did not choose to use the scores from the fourth composite measuring
ingenuousness and arrogance scores because this factor has shown poor diagnostic
differentiation and anatomic specificity in previous studies with neurodegenerative samples
(Sollberger et al., 2009).

2.3. Neuropsychological Measures

All subjects underwent neuropsychological testing with a comprehensive brief battery that
has been described in detail elsewhere (Rosen et al., 2002). To measure the desired cognitive
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constructs more precisely, we calculated summary scores based on carefully selected
combinations of neuropsychological tests. Scores designed to best represent each cognitive
construct were generated a) by extracting variance associated with a test from another,
related test, to derive a more “pure” measure of the desired construct, b) by creating
composite scores across multiple tests with a shared component, to maximize the shared
element across all of the tests, or ¢) by a combination of both methods. Measures which
were entered into composite scores were weighted according to their mean scores in a
sample of 150 neurologically healthy older adults. Pure visuospatial functioning was not
included as a cognitive construct due to the lack of existing literature or face validity for any
relationship with social behavior. Similarly, of the 12 neuropsychiatric syndromes measured
by the Neuropsychiatric Inventory (NPI) (Cummings, 1997), only the five syndromes which
appeared to be relevant to social interactions were selected (e.g., the scales for behaviors
such as aberrant sleep, eating, and motor behavior were excluded).

Language Domain

1. Semantic Knowledge Score: This is a measure of individuals’ semantic knowledge about
objects in their environment. The score is the total words spontaneously named within 20
seconds, or with the benefit of semantic cues, on the Boston Naming Test (BNT) (Kaplan et
al., 1983).

2. Word Access Score: A measure of individuals’ ability to rapidly access and verbalize
words on demand. The score is the standardized residual remaining in a verbal fluency score
(a weighted composite of lexical and categorical verbal fluency scores) after variance
associated with the 4-line figural (non-verbal) fluency test was extracted.

Memory Domain

3. Verbal Memory Score: A measure of individuals’ ability to learn, encode, and freely
retrieve verbal information. The score is the number of elements recalled after a 10-minute
delay on the California Verbal Learning Test, Mental Status Version (CVLT-MS) (Delis et
al., 1987).

4. Visuospatial Memory Score: A measure of individuals’ ability to learn, encode, and
freely retrieve non-verbal information. The score is the number of elements recalled after a
10-minute delay on a complex figure recall task (Benson complex figure) (Rosen et al.,
2002).

Executive Functioning Domain

5. Verbal Working Memory Score: A measure of the individual’s capacity to temporarily
hold and manipulate auditory information. This score is a composite of the number of digits
backwards an individual can obtain on the Digits Span Test (Wechsler, 1981) and their
Correct Total Trials 1-4 of the CVLT-MS (Delis et al., 1987).

6. Generation Score: A measure of the fluency with which an individual can generate
cognitive material, whether verbal or non-verbal. This score is a weighted composite of
lexical (# D-words/minute), categorical (# animals/minute), and 4-line figural fluency tests
[# designs/minute; subtest of the Delis Kaplan Executive Functioning Scale Design Fluency
Test (Delis et al., 2001)].

7. Set-Shifting Score: A measure of the individual’s ability to rapidly shift back and forth
between cognitive sets. This score is the number of lines per minute (speed) of performance
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on the modified Trails B Test, which uses days of the week rather than letters of the alphabet
(Reitan, 1958).

8. Cognitive Control Score: A measure of the individual’s ability to rapidly and accurately
apply a superordinate cognitive rule to suppress an easier, automatic response. This score is
the standardized residual remaining after variance associated with Word Access Score
(below) was extracted from the Stroop Interference score (Stroop, 1935).

Neuropsychiatric Domain

9—13. Depression, Anxiety, Euphoria, Disinhibition, and Apathy Scores: These scores
represent typical neuropsychiatric symptoms seen in neurodegenerative disease patients. The
scores were derived from frequency by severity products of each score from the NPI
(Cummings, 1997).

Emotional Domain

14. Emotional Responsiveness Score: A measure of the tendency of the individual to
respond on an emotional level to the social and emotional behavior of others in their day-
today life. The score is the standardized residual of Empathic Concern, a subscale of the
Interpersonal Reactivity Index (IRI) (Davis, 1983), after variance associated with
Perspective Taking (another subscale of the IRI) was extracted. We used IRI scores based on
informant-reports of patients’ real-life empathic responsiveness.

2.4. Data Analyses

General linear models were used to compare groups for age, education, MMSE, Clinical
Dementia Rating Scale (CDR), Dominance, Extraversion, and Warmth scores. Fisher’s
exact test was used to assess for group differences in gender distribution. Inferential
statistics were performed in the following order:

1. Partial Correlation Analyses—To reduce the number of predictor variables for the
multiple linear regression analyses, partial correlations between each of the three personality
traits and potential predictor variables were performed, adjusting for age, gender, and
premorbid personality for the respective trait. We set a partial correlation coefficient (or)
either < —.20 or > .20 as the lower limit for inclusion in the next stage of analysis, which
according to Cohen (Cohen, 1988) represents an effect size of small-to-medium magnitude.

2. Multiple Linear Regressions (Main Effect Analyses)—To determine the unique
contribution of each predictor variable that passed the criterion level of association (pr< -.
20 or > .20) in the partial correlation analyses, we performed multiple linear regression
analyses using the modified Allen-Cady backward selection technique specified in
Vittinghoff (Vittinghoff et al., 2004). Age, gender, and premorbid Dominance, Extraversion,
or Warmth score were forced into the model as confounding covariates. At each step, the
predictor with the largest p-value was excluded, and the multiple regression analysis was
then rerun with the remaining predictors, until all predictors in the model satisfied the
inclusion threshold (final model). A very permissive inclusion threshold of p < .20 was set
up to ensure that predictors which remained in the model showed at least a modest
independent relationship to Dominance, Extraversion, or Warmth score.

3. Multiple Linear Regressions including Diagnostic Groups as Confounding
Covariates (Error Check)—Main effect analyses do not rule out the possibility that
significant findings hold true only in one diagnostic group and do not represent a
generalisable relationship between an interpersonal trait and another neuropsychological
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measure. To control for the effect of group membership, we parameterized each diagnosis (0
=no, 1 = yes) and included all 8 diagnostic groups as confounding covariates (using 7
dummy variables to represent the 8 groups) into the final model of each interpersonal trait.
The results of this conservative error check must be considered in light of the main effects
results, however, because controlling for group membership in this manner has a high
likelihood of weakening or rejecting real relationships, i.e., it is susceptible to inflated Type
2 error.

An omnibus analysis of variance using a general linear model with an alpha level of p< .05
showed significant differences in age, but not in gender and education, between diagnostic
groups (Table 1). Specifically, bvFTD patients were significantly younger than AD and PSP
patients (p<.05 based on a post-hoc Tukey-Kramer test). There were also significant
differences in MMSE and CDR scores between diagnostic groups. In particular, aMCI
patients showed significantly higher MMSE scores and lower CDR scores than bvFTD and
SemD patients (p<.05). All three interpersonal trait scores, i.e., Dominance, Extraversion,
and Warmth, were significantly different between diagnostic groups. In particular,
interpersonal trait scores of the aMCI group were significantly higher than trait scores of
most other diagnostic groups. Leaving out the aMCI group, Dominance scores were quite
equally decreased across groups. In contrast, decreases of Warmth scores were disease-
specific, showing the lowest scores in the bvFTD group, followed by the SemD and CBS
groups.

3.1. Partial Correlations

Dominance score correlated at or above the established statistical threshold (pr< -.20 or > .
20) with one language variable (Word Access), all four executive functioning variables
(Generation Score, Set Shifting, Cognitive Control, and Verbal Working Memory), and
Apathy (Table 2). Extraversion score correlated at or above the same threshold with one
language variable (Word Access), two executive functioning variables (Generation Score
and Cognitive Control), and two neuropsychiatric variables (Disinhibition and Apathy)
(Table 2). Warmth score correlated with three of the five neuropsychiatric variables
(Euphoria, Disinhibition, and Apathy) and with Emotional Responsiveness (Table 2).

3.2. Multiple Linear Regressions

Dominance—~Main Effect Analysis: A modified backward selection procedure was
performed with the 6 predictors showing a pr< —.20 or > .20 with Dominance score (i.e.,
Word Access, Verbal Working Memory, Generation Score, Set Shifting, Cognitive Control,
and Apathy), forcing premorbid Dominance score, age, and gender into the model. Verbal
Working Memory and Set Shifting scores were removed from the model, because they
showed no discernable unique relationship (p < .20) with Dominance score, leaving Apathy,
Cognitive Control, Word Access, and Generation scores in the final model (Table 3). The
final model explained 61% (Rzadj,) of the total variance of Dominance score, representing a
significant increase in explained variance [F (4, 107) = 17.62, p< .001, R%-change: 24%]
compared to the covariates-only model (i.e., premorbid Dominance score, age, and gender).
Apathy (standardized regression coefficient (B) = —.37), Cognitive Control (p =.34), and
Word Access (p = .29) scores were significant independent predictors of Dominance in the
final model (p < .05), whereas Generation Score (p = —.17) was not (p = .11). When this
procedure was rerun after removal of two potentially influential outlier datapoints, the same
four predictors remained in the model, explaining the total variance of Dominance score
slightly better (R°-change: 26% vs. 24%) than the model with these outliers included.
Analysis of Influence of Diagnostic Group Membership (Error Check). When adding
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diagnostic groups as confounding covariates to the final model, Apathy (B = —.47),
Cognitive Control (B = .25), and Word Access (B = .29) scores remained significant
predictors of Dominance score (p <.05) (Table 3). The considerable increase in the B of
Apathy score when controlling for diagnostic groups suggested some suppression was
operating in the model. That change of p was primarily driven by the bvFTD group, as
shown by an increase of p from —.37 (main effect analysis) to —.45 when only controlling
for bvFTD group membership (i.e., a bvFTD group and a group with all 7 other diagnoses
together as confounding covariates). The suppression was driven to a lesser extent by the
AD group (increase of p to —.41) and the AD&DLB group (increase of p to —.39). In
contrast, the B of Cognitive Control score did not increase, but decreased considerably when
controlling for diagnostic groups (from .34 to .25). The change of § was primarily driven by
the AD group, as shown by a decrease of 8 from .34 to .30 when only controlling for AD
group membership (i.e., an AD group and a group with all 7 other diagnoses together). For
comparison, the  of Cognitive Control stayed around .33 and .35 when controlling for any
of the other diagnostic groups separately. The decrease in the p of Cognitive Control score
suggests disease-specific associations between Dominance and Cognitive Control in AD
patients. The final model explained 63% (Rzadj;) of the total variance of Dominance score,
representing a significant increase in explained variance [F (4, 100) = 14.24, p< .001, R?-
change: 19%] compared to the covariates-only model (i.e., diagnostic groups, premorbid
Dominance score, age, and gender). The final model explained the total variance of
Dominance score similarly well (F2-change: 18% vs. 19%) after removal of one potentially
influential outlier datapoint.

Extraversion—~Main Effect Analysis: A modified backward selection procedure was
performed with the 5 predictors showing a pr< —.20 or > .20 with Extraversion score (i.e.,
Word Access, Generation Score, Cognitive Control, Disinhibition, and Apathy), forcing
premorbid Extraversion score, age, and gender into the model. Generation and Disinhibition
scores were removed from the model, because they showed no discernable unique
relationship (p < .20) with Extraversion score, leaving Apathy, Cognitive Control, and Word
Access scores in the final model (Table 4). The final model explained 57% (Rzadj;) of the
total variance of Extraversion score, representing a significant increase in explained variance
[F (3, 108) = 25.34, p< .001, R?-change: 29%] compared to the covariates-only model (i.e.,
premorbid Extraversion score, age, and gender). All three predictors [Apathy (p = —.48),
Cognitive Control (B = .17), and Word Access (B = .13)] were significant predictors of the
total variance of Extraversion score (p < .05). When the procedure was rerun after removal
of two potentially influential outlier datapoints, the same 3 predictors remained in the model,
explaining the total variance of Extraversion score better (/2-change: 33% vs. 29%) than the
model with these outliers included. Analysis of Influence of Diagnostic Group Membership
(Error Check): After adding diagnostic groups to the final model as confounding covariates,
only Apathy (B = —.47) remained a significant predictor of Extraversion score, whereas
Cognitive Control (B = .14) and Word Access (p = .12) scores were no longer significant (p
<.05) (Table 4). The decrease in the p of Cognitive Control score from .17 (main effect
analysis) to .13 when controlling for diagnostic groups was primarily driven by controlling
for SemD group membership (p decreased to .14), whereas the decrease in the f of Word
Access score from .13 (main effect analysis) to .12 when controlling for diagnostic groups
was mainly driven by controlling for the PNFA group (p decreased to .11) and, to a lesser
extent, by controlling for the PSP group (B decreased to .12) and the aMCI group (B
decreased to .12). The final model explained 57% (Rzadj;) of the total variance of
Extraversion score, representing a significant increase in explained variance [F (3, 101) =
15.14, p< .001, R%-change: 17%] compared to the covariates-only model (i.e., diagnostic
groups, premorbid Extraversion score, age, and gender). When running the multiple
regression analysis after removal of two potentially influential outlier datapoints, the model

Cortex. Author manuscript; available in PMC 2013 June 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sollberger et al.

Page 8

explained the total variance of Extraversion score better (R-change: 20% vs. 17%) than
with the two outliers included and Word Access score remained a significant predictor at p
<.05(p =.14).

Warmth—»Main Effect Analysis: A modified backward selection procedure was performed
with the 4 variables showing a pr< -.20 or > .20 with Warmth score (i.e., Euphoria,
Disinhibition, Apathy, and Emotional Responsiveness), forcing premorbid Warmth score,
age, and gender into the model. Emotional Responsiveness, Apathy, and Disinhibition
scores remained in the final model (p > .20), whereas Euphoria score did not (Table 5). The
final model explained 56% (Rzadj,) of the total variance of Warmth score, representing a
significant increase in explained variance [F (3, 176) = 29.88, p< .001, R%-change: 22%]
compared to the covariates-only model (i.e., premorbid Warmth score, age, and gender). All
three predictors [Emotional Responsiveness (p = .26), Apathy (B = —.24), and Disinhibition
(p = -.15)] were significant independent predictors of the total variance of Warmth score (p
<.05). When the procedure was rerun after removal of two potentially influential outlier
datapoints, the same three predictors remained in the model, explaining the total variance of
Warmth score as well (R%-change: 23% vs. 22%) as the model with these outliers included.
Analysis of Influence of Diagnostic Group Membership (Error Check). After adding
diagnostic groups to the final model as confounding covariates, Emotional Responsiveness
(B = .23) and Apathy (B = —.17) scores remained significant predictors of Warmth score,
whereas Disinhibition score (f = —.10) was no longer significant (v <.05) (Table 5). The
decrease in the p of all three predictors after controlling for diagnostic groups was driven by
controlling for bvFTD group membership, highlighting the strong and specific relations
between bvFTD and changes in warmth, emotional (i.e., Emotional Responsiveness), and
neuropsychiatric (i.e., Apathy and Disinhibition) measures (see also Table 1). The final
model explained 58% (Rzad/;) of the total variance of Warmth score, representing a
significant increase in explained variance [F (3, 163) = 11.49, p< .001, R%-change: 8%]
compared to the covariates-only model (i.e., diagnostic groups, premorbid Warmth score,
age, and gender). In this model, there were no potentially influential outlier datapoints.

4. Discussion

This study suggests that there are meaningful relationships between personality traits and
specific cognitive and emotional functions in neurodegenerative disease patients. The
capacity to engage in socially dominant behavior covaries with, and may be primarily
mediated by, patients’ executive and verbal skills, particularly their capacity for cognitive
control and verbal fluency. The capacity to be interpersonally warm, conversely, does not
rely on these executive or verbal skills, but covaries primarily with patients’ capacity for
emotional responsiveness. Extraversion, a personality trait representing a blend of
dominance and warmth, demonstrates an intermediate degree of relationship to these
executive/verbal and emotional functions and appears to rely on both. In addition, we show
that apathy inversely relates to all three personality traits (dominance, warmth, and
extraversion), and partly accounts for the decrease in prosocial behaviors observed in
neurodegenerative disease patients, above and beyond their cognitive deficits. While this
study was performed in patients with neurodegenerative diseases, a sample demonstrating
wide variability in both personality and neuropsychological functioning, these results raise
the question of whether individual differences in these cognitive and emotional functions
may underlie variability in normal personality as well.

Associations between social dominance and measures of language and executive functioning
were expected, since these cognitive skills would naturally aid one’s ability to interact with
the environment to accomplish personal goals. These findings draw support from results of a
recent structural neuroimaging study, which investigated neural substrates of interpersonal
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traits in patients with neurodegenerative diseases (Sollberger et al., 2009). In that study
social dominance related to parts of the left lateral frontopolar and dorsolateral prefrontal
cortices, which are both involved in cognitive control (Koechlin et al., 2003; Tanji and
Hoshi, 2008). For the purposes of this study, capacity for cognitive control was derived from
a cognitive measure testing patients’ ability to maintain and apply an abstract rule that
superseded an automatic response (i.e., the Stroop interference effect (Stroop, 1935), after
removing the effect of any motor speech deficits in our patients). As a personality construct,
dominance describes one’s ability to control a social setting via negotiation and effective
assertiveness, without resorting to aggressive impulses (Wiggins, 1995). Individuals in our
study with lower levels of cognitive control were described as lacking dominance,
potentially because they may not have had the executive resources to appropriately suppress
their emotional impulses in favor of enacting complex negotiations involving abstract rules
to achieve long-term goals. Among executive functions, it was this ability, not verbal
working memory, set shifting, or the ability to generate cognitive material, that significantly
predicted dominance. Similarly, the specific measure of language functioning that directly
related to dominance was “word access”, a score derived from patients’ performance on
verbal fluency measures, after accounting for their ability to generate cognitive material
regardless of cognitive domain (i.e., verbal vs. nonverbal). Thus, whether or not they were
capable of exerting cognitive control, patients who produced less verbal material on demand
were less likely to successfully negotiate for what they want in a social situation, thus were
rated as less dominant. Other language deficits, such as the inability to find the right word,
or even frank loss of semantic knowledge about the world (both as measured by a
confrontation naming test), did not appear to significantly impact how dominant a patient
was perceived to be, perhaps implying that social dominance is more about style than
substance.. However, the summary score used to represent the construct of “word access” in
our study was a composite of verbal fluency measures that included a semantic fluency task,
which suggests that this relationship between social dominance and semantic knowledge is
nuanced, and requires further investigation.

Cognitive control and word access also underpinned extraversion, but to a lesser degree than
dominance, and these skills did not show a significant relationship to interpersonal warmth.
Since extraversion requires less interpersonal agency than dominance, and warmth requires
none (Wiggins, 1995), this continuum of relationship across the three personality traits
supports the hypothesis that verbal fluency and executive functioning specifically facilitate
interpersonal agency, but not interpersonal connectedness. In contrast, a measure describing
patients’ degree of real-life emotional responsiveness was the primary factor underlying
warm personality, as hypothesized. This variable was constructed by taking the empathic
concern subscale of the other-report IRl empathy questionnaire (Davis, 1983), and removing
the effects of the perspective taking subscale, in order to remove any shared elements
representing cognitive empathy and leave a more pure measure of real-life emotional
responsiveness. The association between warm personality and emotional responsiveness is
supported by structural neuroimaging findings showing that warm personality monotonically
decreases with atrophy to right-sided posterior regions of the orbitofrontal cortex, right
insula, right ventromedial prefrontal cortex, and right anterior temporal regions in
neurodegenerative disease patients (Sollberger et al., 2009). Studies of normal individuals
and non-neurodegenerative patients also show these regions to be key in emotion processing
(Bar-On et al., 2003; Liberzon and Martis, 2006; Olson et al., 2007; Phan et al., 2002).

One might hypothesize that any diminishment of prosocial behaviors like dominance or
warmth in neurodegenerative disease patients might solely be explained by generalized
apathy, but our data suggests this is not the case. Overall apathy did make an independent
contribution to the prediction of dominance, extraversion, and warmth; however, cognitive
and emotional factors continued to significantly predict personality when the effects of
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apathy were factored out of the models. Also, generalized apathy made a more substantial
contribution to the prediction of decreased dominance and extraversion than to loss of
warmth. This difference reflects both the nature of the personality constructs, as well as their
known neural substrates in neurodegenerative diseases: dominance and extraversion, both
traits involving interpersonal agency (Wiggins, 1995), are more strongly associated with
approaching, external-focused interpersonal behavior than warmth (Sollberger et al., 2009),
thus may have been more susceptible to the effects of generalized apathy. It is also
important to note that apathy was the only neuropsychiatric symptom that showed a
relationship to these three interpersonal traits, e.g., more disinhibited people were not
viewed as more extraverted, nor were depressed or anxious people viewed as less dominant
or warm. This suggests that the behaviors being measured by this personality test are distinct
constructs from those measured by the neuropsychiatric inventory.

Another study, which examined the relationship between personality traits and cognition
(Chatterjee et al., 1992), correlated scores from the Five-Factor Model of Personality
(McCrae and John, 1992) with the MMSE, and found no relationship in a sample of thirty-
eight AD patients, apart from a counterintuitive inverse relationship between MMSE and
extraversion, i. e., lower MMSE scores correlated with higher Extraversion scores. These
results suggested that MMSE, a crude measure of overall cognitive functioning, may not be
a specific enough test to demonstrate a relationship to personality traits. To explore this
assumption, we performed post-hoc partial correlation analyses between MMSE and each of
the three interpersonal traits, adjusting for the respective premorbid interpersonal trait, age,
and gender. Indeed, as expected, the strength of relationship between MMSE score and any
of the three interpersonal trait scores did not surpass our liberal threshold of pr< -.20 or > .
20 (4% shared variance).

The combination of various neuropsychological predictors explained between 8% (warmth)
and 20% (extraversion) of the variance in each personality trait, after accounting for
diagnostic group membership, premorbid trait score, age, and gender. This fairly low
percentage of explained variance suggests that many additional factors likely influence the
expression of personality traits in patients with neurodegenerative diseases. However, the
percentage of explained variance decreased much more for warmth after adjusting for group
membership (from 23% to 8%) than for dominance (26% to 18%) or extraversion (33% to
20%). This finding is most likely due to the fact that warmth was considerably decreased in
only three of the eight diagnostic groups (bvFTD, SemD, and CBS; see Table 1), thus was
more disease-specific than dominance, which was more equally decreased across groups.

This study is limited by the fact that informants rated patients’ premorbid interpersonal traits
retrospectively, though we saw no systematic bias in personality rating by diagnostic group
as would be revealed in significant premorbid group differences. In healthy adults,
informant ratings may introduce an information bias, even though there is evidence for a
high convergent validity between self and informant ratings of personality traits in healthy
adults (Connolly et al., 2007). In this study we could not use self ratings, because patients
with neurodegenerative diseases often show loss of self-awareness (Rankin et al., 2005) and
are therefore not capable of producing a valid self-assessment. Also, while this study was
cross-sectional and thus was designed only to demonstrate correlations, longitudinal studies
of patients as they develop both cognitive and personality changes would be ideal for
identifying the degree to which cognitive, neuropsychiatric, and emotional changes exert an
independent or combined causative influence on personality traits. Lastly, while the analysis
has greater power to examine these relationships in a sample of subjects with both cognitive
and personality changes, using a clinically heterogeneous sample like ours has its own
limitations. In particular, the exact nature of personality-neuropsychological relationships
may differ across diagnostic groups. Yet this study was not designed to enable us to look at
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that issue directly. As with any study of this type, the range of the data is restricted within
diagnostic groups, both due to small group sizes and to homogeneity of clinical symptoms
within diagnostic groups (e.g., all AD patients perform in the impaired range on memory
testing, etc.), making within-group analyses inadvisable. However, the fact that these
relationships remain largely intact even after correction by removing the effect of diagnostic
group membership suggests that these personality-neuropsychological relationships may
actually be generalizable beyond these patients with neurodegenerative diseases.

In conclusion, this study suggests that different personality traits are subserved by specific
set of cognitive and emotional functions in neurodegenerative disease patients. While the
capacity to engage in socially dominant behavior relies primarily on patients’ cognitive
control and verbal fluency, the ability to be interpersonally warm relies primarily on
patients’ capacity for emotional responsiveness. While this study was performed in the
context of brain damage, the results raise the question of whether individual differences in
these cognitive and emotional functions may also underlie variability in normal personality.
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Figure 1.

The Interpersonal Circumplex of the Interpersonal Adjective Scales: Eight interpersonal
traits, derived from two orthogonal dimensions, agency and affiliation, are evenly
distributed around the circumference (adapted from Wiggins, 1995).
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Table 2

Partial correlations between interpersonal trait scores and selected cognitive, neuropsychiatric, and emotional
measures, adjusted for the respective premorbid interpersonal trait score, age, and gender. Values are listed as
correlation coefficients (7).

Variables Dominance Extraversion Warmth
Language Domain
Semantic Knowledge (7= 252) -.06 -.03 .05
Word Access (7= 191) .29 .25 17
Memory Domain
Verbal Memory (7= 234) A1 -.01 -.03
Visuospatial Memory (n= 229) .20 .08 .01
Executive Functioning Domain
Verbal Working Memory (n=214) 21 .05 -.09
Generation Score (/7= 190) .36 .32 .20
Set Shifting (7= 214) .26 19 .05
Cognitive Control (1= 155) .35 21 .04
Neuropsychiatric and Emotional Domains
Depression (/7= 209) -.02 -.10 .03
Anxiety (n=210) -.05 -11 -.09
Euphoria (n=214) A1 .02 -.26
Disinhibition (7= 213) .04 -.22 -.41
Apathy (n=206) -.34 -.53 -.47
Emotional Responsiveness (/7= 244) -.03 .16 .38

Variables: Semantic Knowledge: A measure of individuals’ semantic knowledge about objects in their environment. Word Access. A measure of
individuals’ ability to rapidly access and verbalize words on demand. Verbal Memory. A measure of individuals’ ability to learn, encode, and
freely retrieve verbal information. Visuospatial Memory: A measure of individuals’ ability to learn, encode, and freely retrieve non-verbal
information. Verbal Working Memory. A measure of the individual’s capacity to temporarily hold and manipulate auditory information.
Generation Score. A measure of the fluency with which an individual can generate cognitive material, whether verbal or non-verbal. Set-Shifting:
A measure of the individual’s ability to rapidly shift back and forth between cognitive sets. Cognitive Control: A measure of the individual’s ability
to rapidly and accurately apply a superordinate cognitive rule to suppress an easier, automatic response. Depression, Anxiety, Euphoria,
Disinhibition, and Apathy Scores: These scores were derived from frequency by severity products of each score from the NPI. Emotional
Responsiveness Score: A measure of the tendency of the individual to respond on an emotional level to the social and emotional behavior of others
in their day-to-day life.

Cortex. Author manuscript; available in PMC 2013 June 1.



Page 17

Sollberger et al.

"JUB11}4300 UOIR|1103 [efied-1Was pasenbs = /s JUSIO1J00 U0ISSaIBal pazipIepuels = d “ua191J909 UOISSaIBa. JO 10113 pIepURIS = FS ‘JUSIDIYB0D UOISSaIfal = g ‘suoneInIqay ‘SO >d
*

(gTT =v) “(diyssaquis dnoas ansoubelq Jo aduanjjul Jo sisAfeuy) sdnoab ansouberp oy Bunsnlpe ‘uonippe ui ‘pue
(s1sAJeuy 109043 urey) Japuab pue ‘abe ‘a109s aourulwoq pigiowald Jo) Bunsnipe a109s saueulwoq Bunoipaid sajqeLieA oy suolssalbal reaul] sjdnniy

NIH-PA Author Manuscript

€9lgel

NIH-PA Author Manuscript

10 0Z- €8T- 600 9T~  8I00S UOIRI3UdD
0 62 <€ vzT g6 §5909Y/ PIOM
€0 Gz «88C g0T 967  [04U0D aAmuB0D
U w- KTV ez seT- Ayredy

diys lequis | dno 19 onsoubelq jo aouan|ju| Jo SsAeuy

100 /T- ¥9T- 80 €T~  9I0S UONRISUSD
v 62 £%€  JTT o $5300/ PIOM
100 & <57V e eTv  j0nuoD aAmubo)
U e~ X869 gT OTT- Auyredy

ssAreuy 193 ure N

s g eneal IS g so|qel e

NIH-PA Author Manuscript

Cortex. Author manuscript; available in PMC 2013 June 1.



Page 18

Sollberger et al.

'€ 9]qe 9as ‘suoleIABIqaE 104 '§0° > d
*

100 ¢U LT T 8¢ §S800V PIOM
00 vT 8.1 8T  Gy'z  [04uod daAmuboD
e - £485T we s6T- Ayredy

diyslequis |\ dno 19 a1soubelq Jo sousn|ju| Jo SsAeUY

200 er 01T o1 ypz $5390Y/ PIOA
€0 LT «%8C 10T  00€  10suoD aAmubod
2z 8- 0L~ oz o0C- Auredy

sisAfeuy 19943 ure N

s g eneal IS g so|qel e

(gTT =v) “(diyssaquis dnoas ansoubelq Jo aduanjjul Jo sisAfeuy) sdnoab ansouberp oy Bunsnlpe ‘uonippe ui ‘pue
(s1sAeuw 195143 urey) Japuab pue ‘abe ‘2109s uoisianrx3 pigiowsaid Joy Bunsnlpe a103s uoisianex3 Bunaipaid ssjgelieA 10} suolssalbal Jeaul| ajdinNiA

NIH-PA Author Manuscript

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cortex. Author manuscript; available in PMC 2013 June 1.



Page 19

Sollberger et al.

'€ 9]qe L 98s ‘suoNeIABIqaE 104 'G0" > d
*

100 O0T- ¢ST- Lo Tv- uoniqyuisia
0 T- <V9C ez g9 Aupredy
00 sz «¥V g ogg sseusnlsuodsey [euonows
diyslequis |\ dno 19 a1soubelq Jo sousn|ju| Jo SsAeUY

200 ST- x%5C 9z go- uoniqyuisig
v vz- £007-  zz eg- Auredy
900 9z 67 g 9oy  sssusnisuodsey [euonows
ssAfeuy 19y U

s d enear 35 g sa|qellen

(8T =v) "(diysiaquisN dnous ansoubelq Jo sduanjjul Jo sisAfeuyy) sdnoab ansouberp oy Bunsnlpe ‘uonippe
ul ‘pue (sisAjeuy 19843 ulely) Japuab pue ‘abe ‘a109s yiwepn pigiowsald Joy Bunsnlpe a109s yiwrepn Bunoipaid ssjgerien 1oy suoissaibal Jeaul| ajdnnin

NIH-PA Author Manuscript

G 9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cortex. Author manuscript; available in PMC 2013 June 1.



