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Abstract
This study employed a multi-step, rational-empirical approach to identify dimensions of
personality disturbance in brain-damaged individuals: (1) Five dimensions were hypothesized
based on empirical literature and conceptual grounds. (2) Principal components analysis was
performed on the Iowa Scales of Personality Change to determine the pattern of covariance among
30 personality characteristics. (3) When discrepancies existed between principal components
analysis results and conceptually-based dimensions, empirical findings and clinical considerations
were weighed to determine assignment of ISPC scales to dimensions. (4) The fit of data to the
refined dimensions was assessed by examination of intercorrelations. (5) Differential predictions
concerning the relationship of dimensions to ventromedial prefrontal (vmPFC) damage were
tested. This process resulted in specification of five dimensions: Disturbed Social Behavior,
Executive/Decision-Making Deficits, Diminished Motivation/Hypo-emotionality, Irascibility, and
Distress. In accord with predictions, the 28 participants with vmPFC lesions, compared to 96
participants with focal lesions elsewhere in the brain, had significantly more Disturbed Social
Behavior and Executive/Decision-Making Deficits, and tended to have more Diminished
Motivation/Hypo-emotionality. Irascibility was not significantly higher among the vmPFC group,
and the groups had very similar levels of Distress. The findings indicate that conceptually
distinctive dimensions with differential relationships to vmPFC can be derived from the Iowa
Scales of Personality Change.
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Personality disturbances are common in individuals with brain dysfunction from a variety of
etiologies, including traumatic brain injury (TBI) (Dywan & Segalowitz, 1996; Eslinger,
Grattan, & Geder, 1996; Levin et al., 1987; Lezak, 1987), frontotemporal dementia (Kertesz,
Nadkarni, Davidson, & Thomas, 2000; Malloy, Tremont, Grace, & Frakey, 2007; Miller,
Darby, Benson, Cummings, & Miller, 1997), Huntington's disease (Cummings &
Cunningham, 1992; Folstein, 1989), Alzheimer's disease (Malloy et al., 2007; Reisberg et
al., 1987), Parkinson's disease (Kaasinen et al., 2001; Menza, 2000), epilepsy (Devinsky,
1991; Hermann, Wyler & Richey, 1987), brain tumors (Gleason, 2004; Hunter, Blackwood,
& Bull, 1968), and stroke (DeLuca & Diamond, 1995). Indeed, personality disturbances
following brain damage can be devastating, and in regard to psychosocial functioning in
particular, can have more profound impact than acquired cognitive impairments (Lezak,
1987; Nightingale, Soo, & Tate, 2007). In this paper, the term “personality” refers broadly to
enduring behavioral tendencies, with “behavior” explicitly including characteristic
tendencies of drive, affect and mood; pervasive attitudes and self-awareness; and cognitive
tendencies which, if disturbed, adversely impact the individual's interpersonal or
psychosocial functioning (Stuss, Gow, & Hetherington, 1992). In regards to activities that
are often thought of as cognitive phenomena, in this paper the focus is explicitly on
behavioral tendencies that are manifest in an individual's real-life behavior over time and
across situations. For example, in the present study, “lack of planning” is not concerned with
deficient performance on a standardized cognitive task, but with compromised execution of
real-life activities due to inadequate forethought, and thus is included as a “personality
characteristic.”

Over the years, a rich literature has developed describing particularly profound personality
changes in premorbidly normal individuals who sustained damage to prefrontal cortices,
beginning with the striking case of Phineas Gage (Harlow, 1868), and further illuminated by
Luria (1969), Blumer and Benson (1975), and Stuss and Benson (1984; 1986). Careful case
descriptions of patients with damage to the ventromedial prefrontal region (vmPFC) from
meningioma resection (Eslinger & Damasio, 1985; Hunter et al., 1968) or ruptures of
anterior communicating artery aneurysms (Eslinger & Damasio, 1984; DeLuca & Diamond,
1995) have highlighted problems with behavioral control (especially social behavior), goal-
directed behavior, decision-making and modulation of emotions. Damage to the vmPFC has
been found to be associated with several specific personality changes, including problems
with disinhibited social behavior (Tranel, Bechara, & Denburg, 2002; Anderson, Barrash,
Bechara, & Tranel, 2006), impulsivity (Boes et al., 2009), empathy (Eslinger, 1998;
Shamay-Tsoory, Aharon-Peretz, & Perry, 2009), situationally-inappropriate affect (Barrash,
Tranel, & Anderson, 2000; Tang et al., 2009), judgment and decision-making (Bechara,
Damasio, & Damasio, 2000; Bechara, Damasio, Damasio, & Anderson, 1994; Bechara,
Damasio, Tranel, & Damasio, 1997; Godefroy & Rousseaux, 1997; Koenigs et al., 2007;
Satish, Streufert, & Eslinger, 1999; Van den Bos & Guroglu, 2009; Young et al., 2010),
cognitive/behavioral flexibility (Blair & Cipolotti, 2000; Satish et al., 1999), perseveration
(Anderson et al., 2006; Hauser, 1999; Luria, Pribram, & Homskaya, 1964), hoarding
behavior (Anderson, Damasio, & Damasio, 2005), initiative (Satish et al., 1999), planning
(Owen, 1997), emotional reactivity (Anderson et al., 2006; Koenigs & Tranel, 2007; Tranel
et al., 2002), impatience and irritability (Barrash et al., 2000), aggression (Giancola, 2006;
Grafman et al., 1996; Scarpa & Raine, 1997), diminished experience of emotions (Bechara
et al., 1997; Damasio, Tranel, & Damasio, 1990; Tranel, 1994), apathy (Barrash et al., 2000;
Blumer & Benson, 1975), blunted affect or diminished emotional expressiveness (Borod,
Koff, Lorch, & Nicholas, 1985; House, Rowe, & Standen, 1987; Kolb & Milner, 1981;
Weddell, Trevarthen, & Miller, 1988), and insight (Anderson & Tranel, 1989). Changes
such as these have been referred to as “pseudopsychopathy” (Blumer & Benson, 1975),
“acquired sociopathy” (Eslinger & Damasio, 1985), and the “orbitomedial frontal
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syndrome” (Malloy, Bihrle, Duffy, & Cimino, 1993), and have been explicitly associated
with damage to vmPFC (defined below) (Damasio, 1994; Tranel, 1994).

Historically, the literature contains rich clinical descriptions of individuals with profound
personality changes after damage to the vmPFC region. However, reliable and valid
assessment of possible personality changes in individuals with neurological disease presents
a number of challenging methodological issues (Barrash et al., 2000). Within the past two
decades, a number of standardized instruments have been developed to enhance assessment
of neurobehavioral sequelae of acquired brain dysfunction, including the Dysexecutive
Questionnaire (Wilson, Alderman, Burgess, Emslie, & Evans, 1996), the Frontal Behavioral
Inventory (Kertesz, Davidson, & Fox, 1997), the Frontal Systems Behavior Scale (Grace &
Malloy, 2001), the Iowa Rating Scales of Personality Change (Barrash & Anderson, 1993),
and the Neuropsychiatric Inventory (Cummings et al., 1994). The characteristics,
psychometric properties and validity data for these instruments were carefully reviewed by
Malloy and Grace (2005). The review illustrates two points of particular relevance to the
present discussion: First, two instruments, the Frontal Systems Behavior Scale and the Iowa
Rating Scales of Personality Change, have demonstrated sensitivity to the personality
changes characteristic of patients with frontal lesions. Second, most of the scales were
developed for a specific purpose. The Dysexecutive Questionnaire has 20 items that were
specifically selected to assess changes in personality, emotion, motivation behavior or
cognition specifically related to executive dysfunction. The Frontal Behavioral Inventory
was designed specifically to improve diagnosis of frontal lobe dementia. The Frontal
Systems Behavior Scale was designed specifically to assess behavior associated with
damage to frontal systems. The Neuropsychiatric Inventory was designed to assess
behavioral disturbances in dementia patients. A sixth scale reviewed was the Behavior
Rating Inventory of Executive Functions (Gioia, Isquith, Guy, & Kenworthy, 2000), which
was designed to measure executive dysfunction in children. Another scale, the Current
Behavior Scale (Elsass & Kinsella, 1989) assesses behavioral disturbances following TBI.
Among the instruments for assessment of personality change in neurological patients, the
Iowa Rating Scales of Personality Change are unique in that they were not intended for use
with a specific type of patient (e.g., dementia) or specific types of personality changes (e.g.,
“frontal” problems); rather, they were designed to characterize patterns of personality
changes that may follow from a wide range of neurological conditions.

Systematic assessment of neurological patients with these scales indicates that acquired
personality disturbance is not unitary, but multidimensional. Cummings (1993) proposed
that higher-order neurobehavioral consequences of frontal lobe dysfunction comprise three
syndromes that are each associated with one of three frontal-subcortical circuits: executive
cognitive deficits (associated with damage to the dorsolateral circuit); disinhibition and
impaired self-regulation (orbitofrontal circuit); and disorders of behavioral activation and
motivation, or apathy (anterior cingulate circuit). The Frontal Systems Behavior Scale was
designed to assess those three syndromes. In addition to total score, ratings generate
subscale scores for executive dysfunction, disinhibition and apathy. Factor analysis of the
Frontal Systems Behavior Scale on a sample of 324 neurologic patients yielded three factors
that reflected the three dimensions (Stout, Ready, Grace, Malloy, & Paulsen, 2003). Factor
analysis with the Neuropsychiatric Inventory with a sample of 37 patients with Alzheimer's
and 33 with frontotemporal dementia yielded four factors labeled as: executive dysfunction
and self-care, loss of social awareness, mood changes, and stereotypic and eating behaviors
(Bozeat, Gregory, Ralph, & Hodges, 2000). A factor analysis of the Current Behavior Scale
in a study sample of TBI patients found two factors reflecting loss of emotional control and
loss of motivation (Kinsella, Packer, & Olver, 1991).
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Factor analysis of the Iowa Rating Scales of Personality Change with a sample of 115
patients with brain damage from a wide array of neuropathological conditions was
performed separately on change ratings and on current level of disturbance (Barrash,
Anderson, Jones, & Tranel, 1997b). The analysis of change ratings yielded five factors
reflecting: executive dysfunction, impaired goal-directed behavior, interpersonal/social
disturbance, distress/emotional reactivity, hypo-emotionality/apathy, and disinhibition. The
analysis of current-level ratings yielded six factors that were essentially identical with the
exception that the executive dysfunction factor split into two partially overlapping factors,
one reflecting primarily cognitive deficits (e.g., lack of planning, indecisiveness) and one
reflecting primarily behavioral manifestations of executive dysfunction (e.g., lack of
initiative, perseverative behavior). Considering this set of factor analyses, it may be noted
that although the different instruments vary in the range of personality changes they were
designed to assess, and despite differences in the clinical characteristics of the patient
samples, the factor analyses each show multiple dimensions of personality disturbances
among neurological patients, disturbances concerning emotional modulation, goal-directed
behavior/behavioral control (especially concerning social behavior), and – depending on the
particular set of disturbances assessed – aspects of executive functioning.

Based on extensive psychometric analyses (Barrash et al., 1997b), the Iowa Rating Scales of
Personality Change was revised and renamed the Iowa Scales of Personality Change (ISPC,
Barrash, Anderson, Hathaway-Nepple, Jones, & Tranel, 1997a). The ISPC has shown
sensitivity to personality changes in patients with Parkinson's disease (Gronchi-Perrin et al.,
2007; Houeto et al., 2002, 2006; Witjas et al., 2005), frontotemporal dementia (Hallam,
MacKenzie, & Feldman, 2006), multiple sclerosis (Simioni et al., 2008, 2009; Souza Lima
et al., 2007), brain cancer (Gleason, 2004), traumatic brain injury (Cantagallo, Contini, &
Bianchi, 2010; Rochat, Ammann, Mayer, Annoni, & Van der Linden, 2009), focal vmPFC
lesions (Driscoll, 2009; Koenigs et al., 2007; Tranel, Damasio, Denburg, & Bechara, 2005;
Young et al., 2010), focal posterior lesions from stroke (Annoni, Devuyst, Carota,
Bruggimann, & Bogousslavsky, 2005; Hommel et al., 2000), and temporal lobectomy
(Sellal et al., 2003; Tranel & Bechara, 2009). However, the factor structure of the ISPC has
not been investigated. Specification of the dimensions of acquired personality changes
assessed by the ISPC would allow for data reduction and interpretation heuristics that would
be helpful in both clinical and research applications.

In this study, we hypothesized that personality disturbances assessed by the ISPC reflect five
dimensions as identified by previous factor analysis of the Iowa Rating Scales of Personality
Change. Although executive dysfunction split into two factors in the previous analysis, our
experience with patients with prefrontal damage is most consistent with the earlier factor
analysis of personality changes and the literature generally in indicating that cognitive and
behavioral aspects of executive dysfunction are mainly just different aspects of the same
underlying disturbance. Following parsimony, we thus hypothesized a unitary dimension of
executive/decision-making disturbance, along with dimensions of disturbed social behavior,
emotional reactivity, diminished motivation/hypo-emotionality, and distress. We
investigated the scales forming those dimensions employing a rational-empirical approach.
It was predicted that the hypothesized dimensions would correspond to factors extracted by
principal components analysis (PCA). It was further predicted that the dimensions reflecting
disturbed social behavior, executive/decision-making deficits, diminished motivation/hypo-
emotionality, and emotional reactivity, would be associated with damage to the vmPFC
region, and that a fifth dimension, distress, would not be specifically associated with such
damage. It follows from these predictions that a higher-order composite measure of vmPFC-
related disturbances (i.e., the sum of the four relevant dimensional scores) should also be
strongly associated with vmPFC damage. It was expected that dimensions of personality
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disturbances associated with vmPFC damage would not be independent of each other; that
is, that they would be significantly correlated.

Method
Participants

Participants were 124 individuals with focal brain lesions selected from the Patient Registry
of the Division of Behavioral Neurology and Cognitive Neuroscience at the University of
Iowa. Criteria for selection were lesion onset at age 18 or older, a stable cortical lesion of at
least six months duration and, in keeping with entry criteria for the Patient Registry more
broadly, no history of significant alcohol or substance abuse, psychiatric disorder, or other
neurologic disorder unrelated to the lesion. Eligibility required the availability of valid
ratings by an individual (almost always a spouse, parent, or adult child) who knew the
participant well and had regular opportunities to interact with and observe the participant in
a variety of situations both before and subsequent to the lesion onset. In accordance with
institutional and federal guidelines, all participants provided informed consent for
participation in research and for obtaining personality ratings. All procedures were approved
by the University of Iowa Institutional Review Board.

Procedure
According to protocol, neuroimaging with detailed neuroanatomical characterization was
completed, and comprehensive neuropsychological characterization was completed with
standard procedures of the Benton Neuropsychology Laboratory (Tranel, 2009), including
standardized assessment of orientation, attention and concentration, intellectual functioning,
memory, speech and language, visuoperceptual and visuospatial abilities, and executive
functioning. The ISPC was completed by the informant in a separate room while the
participant was engaged in neuropsychological testing.

Measures
Neuroanatomical classification—Neuroanatomical analysis was based on magnetic
resonance (MR) data or, for a few participants for whom an MR was contraindicated (due to
the presence of metal clips or claustrophobia), on computerized axial tomography data. All
imaging data were obtained at least three months post-lesion onset, and lesion locations
were mapped according to the standard procedures of the University of Iowa Human
Neuroanatomy and Neuroimaging Laboratory (Damasio & Frank, 1992; Frank, Damasio, &
Grabowski, 1997). Based on this neuroanatomical analysis, participants were classified into
either the vmPFC group (n = 28) or the non-vmPFC group (n = 96). The vmPFC group was
defined by the presence of bilateral (n = 16) or unilateral right (n = 9) or left (n = 3) lesions
in ventromedial prefrontal cortex. Inclusion in the vmPFC group required lesions that
involved substantial damage to one or more of the structures included in the vmPFC region,
as defined below; however, it was not required that the lesions were circumscribed to the
vmPFC region, so long as they were mainly in the vmPFC region. We defined the vmPFC as
inclusive of: the anterior cingulate gyrus (including the subgenual part, and the lower region
of the perigenual part, below the genu), and the anteromedial and ventral medial sectors
anteriorly up to and including the frontal pole, including the mesial region of the
orbitofrontal cortex (gyrus rectus and mesial half of orbital gyrus), in the left and right
hemispheres. The region so defined is depicted in the Figure. An additional criterion was
that vmPFC lesions had to include the area below a line from the anterior-most point of the
genu to the anterior-most part of the frontal pole. The non-vmPFC group had lesions entirely
outside the vmPFC region, or with only negligible involvement of vmPFC. Neuroanatomical
classification was performed blind to study hypotheses and personality ratings. The non-
vmPFC group had lesions that were neuroanatomically heterogeneous, located throughout
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the cerebrum, including some that were circumscribed to the right or left dorsolateral or
lateral orbital region and others that were large frontotemporoparietal lesions.

The Iowa Scales of Personality Change (ISPC)—The ISPC (Barrash et al., 2000)
provides standardized assessment of 26 characteristics that might change as a result of a
neurological condition, with characteristics concerning emotional functioning, social and
interpersonal behavior, decision-making and goal-directed behavior, behavioral control, and
insight. Additionally, four control scales concern characteristics that are not expected to
change as a consequence of brain damage. Information is elicited from an informant who
has had regular, substantial contact with the patient. Each characteristic is introduced by a
brief behaviorally-oriented definition. Informants make two ratings for each characteristic: a
“Before” rating to describe a patient's typical functioning over their adult life, and a “Now”
rating to describe their functioning in the months and years since developing their
neuropathological condition. Characteristics are rated along 7-point scales, with 1 reflecting
very good functioning, 3 reflecting the hypothetically “average” level of the characteristic, 5
indicating that the characteristic is present to the degree that it is considered a problem, and
7 indicating a severe problem. Points along the scale are accompanied by rating guidelines
with multiple behavioral examples to enhance reliability (Schwarz, 1999).

The ISPC is a revised version of the Iowa Rating Scales of Personality Change (Barrash &
Anderson, 1993). Comprehensive psychometric analyses of the earlier version found that
interrater agreement weighted by the magnitude of rating discrepancy was generally very
high across all scales, ranging from .80 to .96 (Barrash et al., 1997b). Validity was supported
by the generally good agreement of ratings with staffing neuropsychologists' ratings.
However, based on these analyses, five scales were removed for excessive overlap with
other scales: Poor Frustration Tolerance (overlap with Irritability), Disorganization (with
Lack of Planning), Excitability (with Emotional Lability), and Restricted Feelings (with
Blunted Affect), and the scale Delusional Thinking was removed for poor validity.
Additionally, several scales underwent minor revisions to enhance reliability, and one scale,
Egocentricity, underwent more significant modification because it was not functioning
satisfactorily in its intended role as a control scale. In the revised version (ISPC), Poor
Frustration Tolerance was modified to become Impatience, with increased conceptual
distinction from Irritability; Delusional Thinking was modified to be less inferential and
defined more behaviorally as Suspiciousness; Egocentricity was modified substantially and
renamed Vanity; and other removed scales were replaced with Aggression, Vulnerability to
Pressure, and Lack of Stamina.

Dimensions of personality disturbance—By a priori conceptualization informed by
the literature and the results of the 1997 factor analysis of the Iowa Rating Scales of
Personality Change, it was expected that ISPC scales reflect personality disturbances along
five dimensions, comprising the following scales: Executive Deficits (Lack of Planning,
Perseverativeness, Lack of Initiative, Lack of Persistence, Impulsivity, Poor Judgment and
Indecisiveness); Disturbed Social Behavior (Social Inappropriateness, Insensitivity,
Inappropriate Affect, Lack of Insight, Inflexibility, and Aggression); Diminished
Motivation/Hypo-emotionality (Apathy, Blunted Affect and Social Withdrawal);
Emotional Reactivity (Irritability, Emotional Lability and Impatience); and Distress
(Depression, Anxiety, Vulnerability to Pressure and Dependency). Regarding the latter,
Distress was conceptualized as negative emotionality and dependency that tend to be
relatively enduring aspects of the individual's way of being (Stuss et al., 1992). This
contrasts with Emotional Reactivity, which is more about emotionality or aggravation, often
manifest as a poorly-modulated response to a situation at hand, and typically short-lived.
Lack of Stamina was considered a nonspecific change (i.e., not an aspect of hypothesized
dimensions, and not hypothesized to be associated with damage to any particular region),
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and two scales, Obsessiveness and Suspiciousness, were conceptualized as freestanding
characteristics that are neurobehavioral symptoms in their own right and are not part of any
broader syndromes of personality change. Two sets of control scales reflect “negative” or
socially undesirable characteristics (Manipulativeness, Vanity), and “positive”
characteristics (Frugality, Type A Behavior) that are not expected to change systematically
with acquired brain damage.

“Acquired ventromedial prefrontal personality disturbances”—For the purpose
of hypothesis-testing, “Now” ratings on scales comprising Disturbed Social Behavior,
Executive Deficits, Diminished Motivation/Hypo-emotionality and Emotional Reactivity
were summed to form a higher-order composite measure referred to as “Acquired
Ventromedial Prefrontal Personality Disturbances.” “Now” ratings for the scales comprising
Distress and the individual scales not belonging to any of the dimensions were summed to
form a composite measure referred to as “Other Personality Disturbances.”

Analysis
All analyses were with SPSS for Windows (Release 17.0). The general analytic strategy
includes principal components analysis of the ISPC to examine the correspondence of scales'
co-variation to the hypothesized dimensions. Next, the scales comprising dimensions were
re-considered in light of both a priori conceptualizations and the empirical findings, and
adjusted if indicated. Intercorrelations of scales to dimensions were then calculated to
examine the degree to which individual personality characteristics related to their assigned
dimension and to other dimensions in expected fashion. Finally, we tested predictions
concerning the expected neuroanatomical correlates of the dimensions. Exploratory rather
than confirmatory factor analysis was employed in order to examine covariance among
scales to provide empirical grounding to the composition of ISPC dimensions, making
minimal assumptions, rather than to test highly developed hypotheses regarding ISPC
factors.

PCA was conducted on the “Now” ratings of the 30 ISPC scales. “Now” ratings were
analyzed for two reasons: First, “acquired disturbances,” a variable we have employed in the
past, is a compound variable requiring (a) a significant increase in the characteristic from
premorbid status, and (b) the postmorbid level of the characteristic reflects disturbance; and
compound variables do not lend themselves to factor analysis. Second, change scores (i.e.,
“Now” rating minus “Before” rating) could have been used; however, higher ratings of
change do not necessarily mean that disturbance is present. That is, an individual may have
had a low level of characteristic premorbidly, and the rating can increase two points but still
not reflect a disturbance). On the other hand, elevated “Now” ratings are a direct index of
disturbance, and the strong likelihood that the disturbance is acquired as a result of the
neurological condition can be inferred: Enrollees in the Patient Registry have no premorbid
history of psychiatric disorder and, as a group, participants were largely free of premorbid
disturbances. Results to be presented indicated that mean “Before” ratings of vmPFC were
at or most often below the “average” level (i.e., a rating of 3) for clinical scales other than
Blunted Affect and Obsessiveness (at 3.4 and 3.3, respectively), and similar findings apply
to non-vmPFC.

PCA was employed, and varimax rotation was performed. The number of components to be
extracted was determined by parallel analysis (O'Connor, 2002). The results of the PCA
were then reviewed and, based on this review, the a priori assignments of scales to the
conceptually-derived dimensions were reconsidered. It is important to note that component
scores are mathematically distinct from dimension scores, as the former are determined by
the scores on all 30 scales weighted by the loadings of those scales to the component, while
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the dimension scores are simply the summed ratings of each scale assigned to the dimension.
Following the review of the PCA, a scale might be re-assigned to a different dimension if
the principal components analysis indicated that the scale was more highly associated with a
dimension other than the one to which it was initially assigned, and if re-assignment was
judged to make sense conceptually.

Following re-formulation of the dimensions, correlations of each scale to each of the
dimensions were calculated. As the ratings are ordinal scale variables, Spearman's rho was
employed to quantify correlations. Part-whole correlations were calculated to characterize
the correlations between individual scales and the dimension to which it was assigned to
avoid spuriously inflated correlations. Additionally, Spearman correlations were calculated
to examine the relationships among the dimensions, and between the dimensions and the
higher-order composite indices, “acquired ventromedial prefrontal personality disturbances”
and other personality disturbances (including part-whole correlations where appropriate).

The prediction that four of the dimensions would be associated with damage to the vmPFC
region, and that the fifth dimension, Distress, would not be specifically associated with
damage to this region were evaluated by group comparisons between vmPFC and non-
vmPFC. Mann-Whitney U tests were employed since the dimensions are based on ordinal-
scale ISPC ratings. Similarly, Mann-Whitney U tests were used to test the hypothesis that
the vmPFC group would be characterized by a higher score on the composite measure,
“acquired ventromedial prefrontal personality disturbances,” but that these groups would not
differ in other personality disturbances. A .05 alpha level was employed. Significance tests
were one-tailed when directional predictions were being evaluated, two-tailed tests were
used for all other statistical tests.

Results
Demographic characteristics and selected clinical data of the full sample and the two study
groups, vmPFC and non-vmPFC (as described below), are presented in Table 1. The groups
were similar in terms of age, education, sex ratio, age at lesion onset, years known by the
rater, and WAIS-III/IV Verbal and Full Scale IQs. The vmPFC group had a significantly
lower Performance IQ than the non-vmPFC group (t = −2.08, p < .04) (all mean IQ indexes
fell in the average range, however, and there are no meaningful differences between the
groups in terms of overall intellectual abilities).

Mean “Before” and “Now” ratings are presented in Table 2. The “Before” ratings indicate
that both groups were highly comparable in terms of premorbid personality characteristics,
and neither group had mean ratings indicative of premorbid problems on any assessed
personality characteristic. In contrast, “Now” ratings indicated that the vmPFC group had
mean ratings of 4.0 or higher (suggestive of disturbances) on several characteristics, and
damage to the vmPFC was associated with significantly higher ratings of disturbance on 11
of the 19 scales conceptualized as belonging to dimensions predicted to be associated with
vmPFC lesions. With stringent Bonferroni corrections for multiple (19) tests, only the
difference for Lack of Planning would remain statistically significant. Considering scales
not belonging to those predicted to be associated with vmPFC lesions, only one – Lack of
Stamina – show a significant difference (higher among vmPFC). The non-vmPFC group did
not show a higher level of disturbance on any characteristic.

The principal components analysis, presented in Table 3, extracted seven components, all
exceeding an eigenvalue of 1.0 and significant at the .05 level by parallel analysis, and
accounting for a total 63.9% of variance. After rotation, the first component was quite
robust, accounting for 17.3% of variance. Four of the five scales loading most highly on this
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component reflected disturbances in interpersonal relations or social behavior more
generally, and poor modulation of emotional responses. This component was labeled
“Disturbed Social Behavior/Emotional Reactivity.” The second component, accounting for
17.2% of variance, was loaded on highly by several scales that are characteristic of
executive dyscontrol and impaired decision-making, and was labeled “Executive Deficits.”
The third component, accounting for 10.8% of variance, was characterized most strongly by
anxiety and vulnerability to pressure, and was labeled “Distress.” The fourth component,
accounting for 6.4% of variance, was not conceptually coherent in an obvious way, but high
loadings by vanity and suspiciousness, and lesser loadings including manipulativeness and
impatience, led us to label this component “Self-Centered.” The fifth component, accounting
for 4.3% of variance, was primarily defined by a high negative loading by frugality, and a
moderate loading by manipulativeness, and was labeled “Self-Serving.” The sixth
component, accounting for 4.1% of variance, had very high loadings from blunted affect and
social withdrawal, and more moderately from apathy, and was labeled “Hypo-
Emotionality.” The seventh component, accounting for 3.8% of variance, had significant
loadings only from obsessiveness and type A behavior, and was labeled “Obsessive/Type
A.”

The results of PCA were reviewed with regard to the a priori conceptualization of
dimensions. As the first component extracted revealed interdigitation of scales hypothesized
to form two distinct dimensions, Disturbed Social Behavior and Emotional Reactivity, the
question arose as to whether those eight scales in fact comprise a unitary dimension, or
whether they reflect two dimensions brought together by the statistics of component analysis
in which the pattern of covariance among all 30 ISPC scales determines the composition of
each component. Thus, a post hoc PCA with varimax rotation was performed on the eight
scales loading most highly on component 1. The results, presented in Table 4, yielded two
distinct components. The first component, labeled “Irascibility,” accounting for 38.5% of the
variance in this analysis, was loaded on most highly by the three scales conceptualized a
prior as comprising emotional reactivity, plus the scale Inflexibility. None of these scales
loaded significantly on the other component, which accounted for 12.3% of the variance.
With the exception of Inflexibility, the other five scales conceptualized a priori as
comprising disturbed social behavior loaded highly on the second component, although
Insensitivity and Aggression also loaded highly on component 1 at levels broadly
comparable to the loading on component 2. These results were considered to support
retaining two conceptually distinct dimensions. Based on the results of the post hoc
component analysis, Inflexibility was included with the dimension originally referred to as
“Emotional Reactivity” but, in light of the altered composition, is now referred to as
“Irascibility.” It was noted that Insensitivity loaded somewhat more highly on the first
component than on the second, but it was decided that, conceptually, Insensitivity is an
integral aspect of the dimension, Disturbed Social Behavior.

Scales conceptualized as being associated with Executive Deficits loaded highly on the
second component. Additionally, Lack of Stamina, initially conceptualized as a nonspecific
disturbance (expected to be) associated with brain damage in general, loaded highly on the
second component. A post hoc analysis parallel to that performed on scales loading on
component 1 was performed to address two questions: Do cognitive and behavioral aspects
of executive dysfunction warrant assessment as distinctive dimensions of personality
disturbance in the brain-damaged population (as suggested by earlier factor analysis of the
IRSPC)? Might the loading of Lack of Stamina on the Executive Deficits component reflect
a subcomponent of deficient drive or energization? Post hoc PCA was performed on the
eight scales loading most highly on component 1. Only one factor could be extracted, with
the eight scales loading from .85 (Lack of Planning) to .68 (Indecisiveness), indicating a
unitary nature to this component. However, as Lack of Stamina was not conceptualized as
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an aspect of deficits in decision-making and executive functions, this scale was not
incorporated into the Executive/Decision-Making Deficits dimension. Scales loading on the
third and sixth components supported the a priori conceptualizations of the dimensions
Diminished Motivation/Hypo-emotionality and Distress.

The remaining components were not related to a priori dimensions. Each of these
components had only two scales with high or moderately high loadings, and these included
one freestanding scale (Obsessiveness or Suspiciousness) and one control scale for two of
the components (Self-Centered and Obsessive/Type A), and two control scales for the third
(Self-Serving). The presence and composition of these components supports treatment of
Obsessiveness and Suspiciousness as free-standing characteristics rather than components of
broader dimensions of acquired personality disturbance.

The correlations of each scale to the re-formulated dimensional scores are presented in Table
5. In general, the pattern of part-whole correlations showed that scales correlated most
highly with the dimensions to which they were assigned, supporting the assignment of scales
to dimensions. It is noted, however, that the magnitude of many of the differences in
correlations was small, and several scales correlated about as highly with one or more other
dimensions as with the assigned dimension. Additionally, there were two cases in which the
correlation coefficient of a scale with another dimension was (non-significantly) higher than
the coefficient with the dimension to which it was assigned (Insensitivity and Apathy), and
these scales are considered further in the discussion.

The correlations of dimensions with each other are presented in Table 6. Executive/
Decision-Making Deficits, Disturbed Social Behavior, and Irascibility were each
significantly correlated with each other. In contrast, Diminished Motivation/Hypo-
Emotionality showed a robust correlation only with Executive/Decision-Making Deficits,
and a marginal correlation with Disturbed Social Behavior, while the correlation with
Irascibility was non-significant. Distress was significantly correlated with each of the other
dimensions.

The associations of dimensions and higher-order composite scores with lesion location are
presented in Table 7. The vmPFC groups was rated as having significantly more disturbance
in Executive/Decision-Making Deficits and Disturbed Social Behavior than the non-vmPFC
group, and more disturbance in Diminished Motivation/Hypo-Emotionality at a level
approaching significance. There was no significant difference between the groups in
Irascibility or in Distress. The groups also did not differ in ratings of Suspiciousness or
Obsessiveness, but the vmPFC group had higher ratings for Lack of Stamina. Mean group
ratings were comparable for negative and positive control scales, as should be the case.
Regarding higher-order composite measures, the vmPFC group showed significantly greater
disturbance on “acquired ventromedial prefrontal personality disturbances” than did the non-
vmPFC group. The groups had nearly identical summary scores for other personality
disturbances, and they did not differ significantly in total ISPC score (exclusive of control
scales), although the vmPFC had a mildly higher summary score.

Discussion
The findings from this study support the hypothesis that there are multiple distinctive
dimensions of personality disturbance following brain damage, including the five
hypothesized dimensions: Disturbed Social Behavior, Executive/Decision-Making Deficits,
Diminished Motivation/Hypo-emotionality, Irascibility, and Distress. Additionally, principal
components analysis extracted three additional components appearing to reflect premorbid
characterological issues (Self-Centered, Self-Serving, and Obsessive/Type A). The four
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dimensions hypothesized to be associated with vmPFC damage showed more disturbance
among participants with vmPFC lesions, compared to participants with lesions outside the
vmPFC, although this was statistically significant for only two of the four dimensions. A
goal of the study was to develop ISPC subscales for assessment of these dimensions. In the
discussion that follows, we consider the results bearing on composition of the dimensions in
more detail.

Executive/Decision-Making Deficits
The dimension Executive/Decision-Making Deficits reflects classic aspects of executive
dysfunction widely associated with prefrontal damage (e.g., lack of planning and initiative,
poor judgment, perseveration, and impaired decision-making). As the ISPC is a measure of
personality (i.e., behavioral tendencies rather than performance on cognitive tasks), the rater
is presented with behavioral guidelines to inform their ratings. Consistent with the emphasis
on behavioral tendencies, post hoc analysis showed no dissociation between the more
“cognitive” and more “behavioral” aspects of executive dysfunction assessed by the ISPC.
Lack of Stamina, which had been viewed a priori as a freestanding characteristic, loaded
highly on the Executive deficits component, so assignment of Lack of Stamina to the
corresponding dimension was considered. However, as this characteristic is not conceptually
related to deficits in decision-making and executive functions, it was decided not to
incorporate it into this dimension (a) to keep the Executive/Decision-Making Deficits
dimension a more conceptually “pure” dimension for clinical and research purposes, and (b)
to facilitate future research into this potentially important consequence of brain damage—
viz., lack of stamina or what has been often referred to as “fatiguability” (see below). As
predicted, greater disturbance in Executive/Decision-Making Deficits was significantly
associated with vmPFC damage. Lack of Stamina was also significantly associated with
vmPFC damage.

Disturbed Social Behavior
Principle component analysis demonstrated a strong relationship between disturbed social
behavior and emotionality/interpersonal prickliness. Post hoc PCA demonstrated they are
dissociable dimensions, a finding that is highly consistent with the results of an independent
factor analysis of the Iowa Rating Scales of Personality Change, forerunner of the ISPC,
with a clinically heterogeneous sample of neurological patients (Barrash et al., 1997b). The
first two factors extracted in that earlier analysis found Emotional Reactivity to be the most
powerful factor, while a factor labeled “Interpersonal Disturbance” – highly overlapping
with the dimension labeled “Disturbed Social Behavior” in the present study – was the
second factor to emerge. It is logical that disturbance in emotional modulation would play an
important role in disturbance in social/interpersonal behavior (Damasio, 1994); however,
empirical investigation of such relationships requires distinctive measures of the two, and it
was decided to maintain two distinct dimensions.

The post hoc PCA revealed that Inflexibility covaried strongly with the latter rather than the
former, and so it was re-assigned. It also indicated that the insensitivity covaried at least as
strongly with ratings of the latter as with ratings of disturbed social behavior. However, we
view insensitivity as a cardinal feature of disturbed social behavior, and so this scale was
kept with this dimension. The appropriateness of this decision was supported by subsequent
part-whole correlations that found that it had the highest part-whole correlation coefficient
with the dimensional score of all the scales comprising this dimension (although at
essentially the same level as the other cardinal feature, social inappropriateness). The scale
Aggression could reasonably be considered for inclusion in the Irascibility dimension.
However, Aggression tended to be described by informants as an alteration of characteristic
interpersonal behavior rather than as uncharacteristic behaviors due to emotional dyscontrol
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provoked by circumstances. Its correlations with the dimensions of Disturbed Social
Behavior and Irascibility suggest slightly more covariance with the former. The dimension,
Disturbed Social Behavior, was significantly associated with damage to the vmPFC region.

Irascibility
The hypothesized dimension, Emotional Reactivity, was expected to comprise three scales:
Irritability, Impatience and Emotional Lability. However, with the inclusion of the
Inflexibility, the resultant set of four scales may be seen as forming a coherent set of cross-
situational, affective-interpersonal tendencies (rather than emotional reactivity to external
circumstances). Accordingly, this re-formulated dimension was renamed “Irascibility.” Part-
whole correlations showed that each of the four component scales was highly related to the
overall dimension, Irascibility. Comparison of the study groups found that the higher level
of Irascibility found among vmPFC compared to non-vmPFC approached but did not reach
statistical significance. Of note, this contrasts with the significant association of Disturbed
Social Behavior to vmPFC damage.

There is a conceptual distinction between the dimensions that would be expected to have
important clinical implications, such as differential treatment of choice for disturbances of
emotional control versus social behavior. The clinical utility of maintaining Irascibility as a
distinct dimension of acquired personality disturbance is also highlighted by findings that
disruption of emotional modulation following brain damage resulting in Irascibility was
highly predictive of real-world competencies such as everyday functioning, financial
management, health and safety-related behavior, and employment/academic status
(Anderson et al., 2006).

Diminished Motivation/Hypo-emotionality
In accordance with a priori expectation, PCA extracted a component loaded on by blunted
affect, apathy, and social withdrawal, and reflective of diminished motivation and hypo-
emotionality. Of note, this component was the sixth component to emerge and it accounted
for only four percent of scale co-variation. This is consistent with the finding that a Hypo-
emotionality factor comprised of blunted affect, social withdrawal and apathy was the
weakest of all factors extracted in the earlier factor analyses of the Iowa Rating Scales of
Personality Change (Barrash et al., 1997b), and the factor reflecting apathy was the weakest
of all factors extracted in factor analyses of other instruments (Kinsella et al., 1991; Stout et
al., 2003). One component scale, Apathy, loaded about as highly with factors labeled
Distress and Executive Deficits as with the factor labeled Hypo-emotionality. These findings
are consistent with evidence that apathy is a complex phenomenon, with aspects reflecting
loss of interest as is frequently seen in major depression (American Psychiatric Association,
1994). However, in brain-damaged populations this symptom is often not associated with
low mood (Cahn-Weiner, Grace, Ott, Fernandez, & Friedman, 2002), but rather with
cognitive disengagement associated with indecisiveness and impaired attention (Siegert,
Walkey, & Turner-Stokes, 2009) or, in patients with damage to frontal systems, a disorder
of drive and self-activation (Ready, Ott, Grace, & Cahn-Weiner, 2003; Stuss et al., 1992).
Even though apathy may be associated with severe depression, in a population with
neuropathological conditions it may be more accurate and clinically useful to see apathy as a
neuropathological symptom with differential treatment implications than apathy-as-
depression (Boyle & Malloy, 2004). Thus, in accordance with a priori conceptualization
based on our experience with patients with vmPFC lesions, it was decided to retain apathy in
the Diminished Motivation/Hypo-emotionality dimension, although it is understood that this
complex symptom is relevant to other dimensions as well.
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Although mean ratings suggest that Diminished Motivation/Hypo-emotionality may not be
an especially prominent aspect of personality change after brain damage, it is of significant
theoretical and clinical import. This dimension corresponds to the syndrome of apathy and
loss of motivation theorized by Cummings (1993) to result from damage to the anterior
cingulate circuit. However, there is extensive evidence suggesting that the syndrome
involves deficiencies in emotional experience as well as motivation (apathy) in patients with
vmPFC damage (Damasio, 1994; Tranel & Damasio, 1994). The clinical importance of the
deficit in emotional experience is suggested by a body of research indicating that this
disturbance contributes prominently to impairments in the decision-making (Bechara et al.,
2000; Bechara, Tranel, Damasio, & Damasio, 1996; Tranel, Bechara, & Damasio, 1999) and
psychosocial functioning (Anderson et al., 2006; Damasio, 2000). Stuss and Benson (1986)
have emphasized that diminished motivation is a core deficit following prefrontal damage in
that it contributes to disturbances in other abilities. Accordingly, in the present study,
intercorrelations with other dimensions show that Diminished Motivation/Hypo-
emotionality is highly correlated with Executive Decision-Making Deficits consistent with
their crucial theoretical connection (Damasio, 1994; Tranel et al., 1999). In contrast,
Diminished Motivation/Hypo-emotionality is only modestly correlated with Distress, with
which it shares only 18% of variance. Although participants with vmPFC lesions were rated
as having a higher level of Diminished Motivation/Hypo-emotionality, the difference from
non-vmPFC failed to reach statistical significance, possibly reflecting difficulty that
laypersons may have appreciating the degree of disturbance in characteristics characterized
by the absence of activity or emotional experience (Anderson et al., 2006).

Distress
Depression following brain injury is common (House, 1987; Jorge et al., 1993b, 2004;
Starkstein & Tranel, in press), frequently with co-morbid anxiety (Jorge et al., 2004).
Consistent with the prediction that Distress is a non-specific consequence of brain damage
rather than a consequence of damage to specific structures, the vmPFC group and non-
vmPFC group had identical summary scores on this dimension. Furthermore, Distress was
generally highly correlated with disturbances on all other dimensions. This is consistent with
an earlier study with the Iowa Rating Scales of Personality Change finding that depression
and anxiety were not specifically associated with damage to vmPFC (Barrash et al., 2000),
and findings that depression developing after the acute phase was not associated with lesion
location (Jorge et al., 1993a, 1993b). Although depression has been associated with
prefrontal lesions in the acute stage (Jorge et al., 1993a, 1993b, 1993c, 2004), meta-analysis
revealed that mood disorder was related to lesion location only in the first half-year
following stroke (Narushima, Kosier, & Robinson, 2003)—leading to the suggestion that
depression developing after the acute phase may be more related to psychosocial and
psychological mechanisms (Jorge et al., 1993a). The lack of association between distress
and vmPFC damage in the present study is consistent with such speculation, as we were
explicitly concerned with chronic, stable personality and mood disturbances and so
restricted our sample to participants rated a minimum of six months after lesion onset.

Freestanding Disturbances
The composition of the remaining components—Self-Centered, Self-Serving and Obsessive/
Type A—including control scales with the highest or second highest loading, suggests
primarily characterological problems rather than acquired disturbances secondary to brain
damage. These components will not be discussed further.

Three scales—Lack of Stamina, Suspiciousness and Obsessiveness—were hypothesized to
be freestanding disturbances; that is, scales that are not components of multivariate
dimensions. Results supported those expectations for the latter two scales, which were
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conceptualized as being idiosyncratic characteristics which, if present premorbidly, might be
exacerbated in an individual sustaining brain damage due to diminished control over these
tendencies. This conceptualization was supported by significant correlations between the
“Now” and “Before” ratings for Suspiciousness (.49) and Obsessiveness (.39)—higher than
such correlations for other scales.

In contrast, Lack of Stamina was conceptualized as a nonspecific consequence of brain
damage, and thus a characteristic that would not especially related to any one dimension.
However, Lack of Stamina loaded highly on the Executive Deficits scale, prompting re-
consideration of its hypothesized status as a freestanding characteristic. Lack of Stamina is
typically referred to as “fatigue” in the literature, and the term “central fatigue” has been
defined as a feeling of constant exhaustion and difficulty in initiation or sustaining a
voluntary activity (Chaudhuri & Behan, 2004), to distinguish this symptom from muscle
fatigability (or “peripheral fatigue”). Central fatigue is a common symptom, and may among
the most disabling, in many neurological disorders, including cerebrovascular disease, TBI,
Parkinson's disease, and multiple sclerosis (Van der Werf et al., 1998). In a study of the late
consequences of mild stroke at one year, fatigue was the most common symptom (72%); in
comparison, the next most frequent complaints were memory dysfunction and stressfulness
(55% for both) (Carlsson, Möller, & Blomstrand, 2003). Staub and Bogousslavsky (2001)
reported that a major sequela of stroke is “primary poststroke fatigue” (i.e., in the absence of
depression or significant cognitive sequelae), defined as “a feeling of early exhaustion
developing during mental activity, with weariness, lack of energy and aversion to effort.”
Possible causal mechanisms are many, including lesions affecting circuits that connect
thalamus, basal ganglia, amygdala and frontal cortex (Bruno, Crenage, & Fick, 1998;
Chaudhuri & Behan, 2000; Glader, Stegmayr, & Asplund, 2002); conditions compromising
the availability of neurotransmitters (Bradley & Alarcon, 1999; Bruno et al., 1998);
endocrinological disturbances (Chaudhuri & Behan, 2004); or the psychobiological effects
of depression and anxiety (Chaudhuri & Behan, 2004). It is important to note that the
presence of fatigue is commonly overlooked, but it is sometimes the only persisting sequela
of stroke, and it may severely limit a patient's return to their previous level of functioning
(Staub & Bogousslavsky, 2001).

Despite its pervasiveness in many patients' lives and highly negative impact on functioning,
fatigue is often not assessed systematically—when it is assessed, it is almost always by
subjective self-report. Objective measures of fatigue during performance on cognitive tasks
are being developed (e.g., Peter, Zoltan, Ivan et al., 2009; Lal, Craig, Borod, Kirkup, &
Nguyen, 2003), but it is an open question whether “central fatigue” is most meaningfully
assessed as a physiological variable, or whether it may be informatively conceptualized as a
multifaceted final common pathway related to personality (i.e., enduring behavioral
tendencies—potentially related to drive, mood, and pervasive attitudes—that, when
disturbed, adversely impact psychosocial functioning in ongoing fashion). This is not
intended to diminish the important role of biological factors. Rather, if fatigue or lack of
stamina is related to multiple interacting factors including “psychological” factors such
motivation and attitude, then investigation of the degree of “lack of stamina” as an enduring
real-life characteristic will be critical to greater understanding of this important disturbance.
Accordingly, it was decided that, while lack of stamina clearly co-varies with executive
dysfunction, maintaining this characteristic as a freestanding disturbance would facilitate
research and clinical utility.

Control Scales
As the goal of this study is investigation of distinctive dimensions of acquired personality
disturbances, control scales are not a primary concern, and we offer only a few brief
comments. The mean “Now” rating was 2.9, essentially at the hypothetically “average” or
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typical level of 3. Collectively, the four scales showed a negligible mean increase in ratings
of 0.13 from “Before” to “Now” ratings. These findings are consistent with the expectation
that the control scales assess aspects of behavior that do not develop disturbances following
brain damage. Ratings of increased disturbance from premorbidly normal levels on these
scales may suggest response bias, and further investigation of this idea is warranted.

Returning to the broader landscape of personality changes following brain damage, our
results are comparable to factor analyses of other instruments assessing personality
disturbances after brain damage involving prefrontal region. Factors reflecting loss of
motivation were found for the Frontal Systems Behavior Scale (Stout et al., 2003), the
Neuropsychiatric Inventory (Bozeat et al., 2000) and the CBC (Kinsella et al., 1991), and
others have found factors paralleling executive dysfunction (Stout et al., 2003; Bozeat et al.,
2000), disinhibition or disturbed social behavior (Stout et al., 2003; Bozeat et al., 2000),
emotional dyscontrol (Bozeat et al., 2000; Kinsella et al., 1991). As in the present principal
components analysis, Stout and colleagues found that some items loaded significantly on
more than one dimension. Even though the Frontal Systems Behavior Scale was designed to
assess the specific syndromes of executive dysfunction, disinhibition and apathy, some items
did not load most highly on the expected factor (Stout et al., 2003), as was found in the
present analysis. They also found significant correlations between the three factor scores, as
found in the present analysis, indicating that personality changes after brain damage are not
completely independent phenomena, and individuals with significant personality
disturbances in one area tend to have some degree of disturbance in other dimensions.

There are also differences between the present PCA and the factor analyses of the Frontal
Systems Behavior Scale, Neuropsychiatric Inventory and CBC. Factor analyses of those
instruments extracted from two to four factors, factors which left approximately 55%-60%
of the variance unaccounted for, raising the question whether there might be other aspects of
acquired personality disturbances not sufficiently assessed with sufficient coverage for the
formation of additional factors (Stout et al., 2003). PCA of the ISPC yielded seven
components accounting for all but 36% of the variance in this instrument. It is possible that
the identification of additional components with the ISPC, and the corresponding increase in
variance accounted for, reflects a difference in the goals for the design of the different
instruments. The Frontal Systems Behavior Scale, Neuropsychiatric Inventory and CBC
were expressly developed for more specific assessment goals, respectively: personality
changes related to prefrontal dysfunction (Grace & Malloy, 2001), neurobehavioral
symptoms associated with dementia (Cummings et al., 1994), and behavioral disturbances
following TBI (Elsass & Kinsella, 1989). In contrast, the Iowa Rating Scales of Personality
Change/ISPC was expressly designed to assess a wide range of possible personality changes
after development of any adult-onset neuropathological changes in the brain. The lack of
constraints on item selection in the design of the ISPC may allow it to be sensitive to a
broader range of personality changes following brain damage. In particular, the ISPC offers
greater assessment of mood-related disturbances: irascibility, diminished emotionality and
distress. We believe these dimensions of personality changes after brain damage are each
important aspects. A recent cluster analysis of personality disturbances after TBI (Velikonja,
Warriner, & Brum, 2010) revealed 13 different personality profiles, with various mood
disturbances playing a prominent role in those profiles. This prompted the investigators to
emphasize the need for multidimensional measures that assess both behavioral changes and
mood disturbance to adequately characterize the diverse nature of symptoms in the brain
injury population, noting that comprehensive measures yield superior information to use of
multiple measures assessing symptoms of a single disorder.

Since the ISPC replaced the Iowa Rating Scales of Personality Change in 1997, findings
regarding personality disturbances have been reported for a wide range of neurological
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populations in North America and Europe. Several investigators have summed all of the
ISPC scales into one summary measure to reflect total personality disturbance. This
approach has yielded marginal or non-significant results. For example, comparing multiple
sclerosis patients with normal or weak decision-making ability, the difference in total score
on a French version of the ISPC (Juillerat, Peter-Favre, & Van der Linden, 1998) was not
significant (Simioni et al., 2008). In a second study, patients with multiple sclerosis did not
differ from controls in total ISPC score, although there were differences in particular
characteristics such as lack of stamina, inflexibility, social withdrawal and lack of insight
(Souza Lima et al., 2007). Only relatively mild differences in ISPC total score (French
version) were found between first-ever stroke patients with normal, mildly impaired, or
severely impaired psychosocial functioning (Hommel et al., 2009). Parkinson's patients
successfully treated with bilateral deep brain stimulation did not show significant pre-post
personality change when the total ISPC score (French version) was examined, but
significant improvement was found when specific scales were examined—scales closely
mapping onto the dimensions of Executive Dysfunction and Diminished Emotion (Houeto et
al., 2002). Gleason (2004) found only weak associations between frontal vs. nonfrontal
tumors and overall score on the ISPC or on the Frontal Systems Behavior Scale. However,
greater disturbance was associated with frontal tumors when specific scales were examined
on the Frontal Systems Behavior Scale, but specific scales of the ISPC were not examined.

In contrast to the generally weak findings when analyses are conducted with total ISPC
score, investigators have found it fruitful to examine subsets of scales selected to address
hypotheses regarding specific relationships of personality disturbances to varying clinical
issues. As noted above, Anderson and colleagues (2006) hypothesized that the presence of
acquired disturbances in Irascibility and hypo-emotionality would be associated with the
development of impairments in real-world psychosocial functioning, and these hypotheses
were well supported. In another study, Nguyen and colleagues (2010) found that a subset of
ISPC scales relevant to executive and decision-making deficits were predictive of impaired
performance on a decision-making task in healthy, community dwelling elderly adults. To
investigate the personality and cognitive changes underlying psychosocial dysfunction after
TBI, Rochat and colleagues (2009) selected relevant ISPC scales to form measures of
internalizing and externalizing personality changes. They found that externalizing changes
(e.g., irritability, impatience, aggression, insensitivity, social inappropriateness,
inappropriate affect and impulsivity) and, to a lesser extent, internalizing changes
(depression, anxiety and social withdrawal) were associated with more severe executive
defects. Taken together, studies with the ISPC indicate that investigation with particular
scales, or sets of scales, is more informative than comparison of total ISPC score. The
results of the present study provide a basis for employing subscale scores to test specific
hypotheses in future studies.

“Acquired Ventromedial Prefrontal Personality Disturbances”
Only two of the four dimensions predicted to be associated with vmPFC damage were
significantly higher in the vmPFC group, with a third being marginally significant.
However, “acquired ventromedial prefrontal personality disturbances”—the composite
measure comprised of those four dimensions—was strongly associated with vmPFC
damage. Heretofore, we have used the term “acquired sociopathy” as a shorthand to
highlight the self-defeating behaviors primarily in the social/interpersonal domain that are so
salient in individuals with vmPFC damage (Eslinger & Damasio, 1985; Tranel, 1994).
However, over time we have developed concern that this term connotes more than intended
—in particular, it may convey the implication that the socially problematic behavior of these
patients is motivated and willful, and therefore warranting punishment or scorn. This
connotation is not accurate, as most vmPFC patients do things that are harmful to their own
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best interests, but do not engage in serious or violent behavior towards others or others'
property. Hence, we recommend a different rubric, viz., “acquired ventromedial prefrontal
personality disturbances.” Also, we note that this term does not imply that this syndrome
occurs only with lesions to vmPFC, as damage elsewhere may result in dysfunction in the
systems subserved by vmPFC cortex (Cummings, 1993; Damasio & Anderson, 2003).
While acquired ventromedial prefrontal personality disturbances summary scores were
strongly associated with ventromedial prefrontal damage, the sum of other personality
disturbances was virtually identical in the vmPFC and non-vmPFC groups. Accordingly, if a
total ISPC score is calculated by including other personality disturbances along with
acquired ventromedial prefrontal personality disturbances, the difference between vmPFC
and non-vmPFC is diminished to the point that there is not a significant difference between
the two groups. This highlights the recommendation that total ISPC score not be used for
analyses because the heterogeneity of behavioral disturbances assessed by the ISPC is such
that combining them all together risks obscuring meaningful relationships that may be
present between specific dimensions and other variables of interest.

This study is not without limitations. A larger sample size would have been advantageous,
although for research with focal lesions, the sample size is larger than in most of the
literature. However, the present sample size did not appear to undermine the validity of the
study as the results of the present PCA were highly consistent with factor analysis of the
earlier version of the Iowa Scales, and with factor analysis of other instruments assessing
personality disturbances in neurological patients. Nevertheless, it is possible that more
subjects may have provided stronger statistical support for the relationships of Irascibility
and Diminished Motivation/Hypo-Emotionality to vmPFC damage. Perhaps a more
significant limitation was the limited number of patients with unilateral vmPFC lesions. A
greater number of such patients would have allowed for examination of the relationships of
ISPC dimensions to unilateral lesions and to possible hemispheric differences. An earlier
study (with Iowa Rating Scales of Personality Change ratings) investigating the nature of
acquired personality disturbances in patients with focal lesions (Barrash et al., 2000) yielded
quite robust differences for between patients with bilateral vmPFC lesions versus lesions
elsewhere. However, accrual is slow for individuals with discrete unilateral focal lesions in
the vmPFC region, and meeting the restrictive inclusion/exclusion criteria for investigation
of acquired personality changes. Enrollment of additional subjects will permit further
investigation of distinctive personality changes specifically associated with unilateral left or
right VMC lesions (Tranel et al., 2002), and the possibility of gender effects on the
hemispheric differences in the contribution of vmPFC to social-emotional functioning
(Tranel et al., 2005).

Limitations notwithstanding, study findings identifying ISPC subscales reflecting
disturbances in aspects of emotional functioning, executive functions/decision-making, and
behavioral control may be useful clinically for the characterizing social and emotional
changes with significant impact on real-world functioning and important implications for
neuropsychological rehabilitation strategies (Anderson et al., 2006). Research regarding
personality changes in neurological populations will also benefit from attention to specific
dimensions of personality disturbance assessed with the ISPC as analyses with the total
scores often obscures more specific relationships.

Future directions for research with the ISPC include independent replication of dimensions
and development of normative information regarding dimension scores. Investigations of the
clinical correlates of individuals with relevant disturbances may contribute to development
of sensitive and specific criteria for “Acquired Ventromedial Prefrontal Personality
Disorder.” Additionally, it will be informative to investigate relationships between specific
acquired personality disturbances and subregions within prefrontal cortices and elsewhere in
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the brain. We anticipate performing such analyses in the future, including examination of
potential effects of laterality and gender.
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Figure.
Ventromedial prefrontal region. The areas included in ventromedial prefrontal cortex are
depicted in dark gray in medial (upper left, right hemisphere; upper right, left hemisphere),
inferior (lower left) and anterior (lower right) views of a normalized brain.
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Table 1

Demographic and Clinical Characteristics of Study Groups

vmPFC
(n = 28)

Non-vmPFC
(n = 96)

Variable M (SD) M (SD) Group comparison

Sex (male:female)a 17:11 46:50 χ2(1, N = 124) = 1.42, p = .29

Age (years) 52.5 (15.6) 52.1 (13.0) t(122) = 0.14, p = .89

Education (years) 14.1 (2.5) 13.8 (2.3) t(122) = 0.64, p = .52

Age at Onset (years) 47.6 (16.4) 47.1 (13.2) t(122) = 0.19, p = .85

Interval (years) 4.8 (6.2) 5.0 (6.3) t(122) = −0.13, p = .90

Years known 32.2 (15.8) 33.1 (13.6) t(122) = −0.30, p = .77

WAIS VIQ 97.8 (15.4) 101.1 (15.3) t(122) = −0.84, p = .41

WAIS PIQ 95.2 (14.6) 102.7 (13.6) t(122) = −2.08, p = .04

WAIS FSIQ 96.3 (11.2) 102.1 (14.0) t(122) = −1.64, p = .11

Note. Interval = Interval between lesion onset and personality ratings; WAIS = Wechsler Adult Intelligence Scale-III; VIQ = Verbal Intelligence
Quotient; PIQ = Performance Intelligence Quotient; FSIQ = Full Scale Intelligence Quotient.
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Table 2

“Before” and “Now” Ratings by Study Group, with Comparison of Group Means

Ratings

Beforec Nowd

vmPFC Non-vmPFC vmPFC Non-vmPFC

ISPC Scale M (SD) M (SD) M (SD) M (SD)

Associated with vmPFCa

 Lack of Planning 2.6 (1.4) 2.4 (1.2) 4.7 (2.0) 3.3 (1.7)***

 Poor Judgment 2.2 (1.1) 2.6 (1.2) 4.2 (1.7) 3.5 (1.4)*

 Lack of Persistence 2.5 (1.1) 2.4 (1.2) 4.1 (1.7) 3.3 (1.4)**

 Perseveration 2.6 (1.2) 2.6 (1.1) 4.2 (1.5) 3.6 (1.4)*

 Lack of Initiative 2.0 (1.1) 2.4 (1.3) 4.5 (2.0) 3.5 (1.5)**

 Impulsivity 3.0 (1.6) 2.6 (1.3) 4.0 (1.8) 3.2 (1.5)*

 Indecisiveness 2.5 (1.3) 2.7 (1.3) 4.0 (2.0) 3.9 (1.5)

 Insensitivity 2.8 (1.1) 2.8 (1.3) 4.1 (1.7) 3.3 (1.7)*

 Social Inappropriateness 2.0 (1.0) 2.4 (1.2) 3.9 (1.5) 3.2 (1.8)*

 Inappropriate Affect 2.3 (1.0) 2.5 (1.1) 3.4 (1.5) 3.0 (1.3)

 Aggression 2.5 (1.3) 2.6 (1.4) 3.0 (1.2) 2.6 (1.4)

 Lack of Insight N/A N/A 3.4 (1.4) 2.7 (1.4)*

 Impatience 2.9 (1.2) 3.0 (1.3) 3.8 (2.0) 3.6 (1.8)

 Irritability 2.6 (1.3) 2.9 (1.2) 4.1 (1.6) 3.5 (1.6)*

 Emotional Lability 2.8 (1.1) 3.0 (1.3) 3.9 (1.7) 3.8 (1.5)

 Inflexibility 3.0 (1.5) 3.3 (1.4) 4.2 (1.5) 3.9 (1.5)

 Apathy 2.6 (1.1) 2.7 (0.9) 3.7 (1.4) 3.4 (1.4)

 Social Withdrawal 2.6 (1.2) 2.7 (1.3) 3.2 (1.8) 3.4 (1.6)

 Blunted Affect 3.4 (1.3) 3.3 (1.3) 3.9 (1.8) 2.9 (1.6)**

Not Associated with vmPFCb

 Vulnerability to Pressure 2.4 (1.1) 2.8 (1.4) 4.3 (1.8) 4.0 (1.8)

 Anxiety 2.5 (1.0) 3.0 (1.4) 3.4 (1.5) 3.7 (1.6)

 Depression 2.6 (1.3) 2.6 (1.3) 3.5 (1.5) 3.5 (1.4)

 Dependency 2.2 (0.9) 2.3 (1.3) 3.4 (1.8) 3.3 (1.6)

 Lack of Stamina 2.5 (1.3) 2.6 (1.5) 5.0 (1.7) 4.3 (1.7)*

 Suspiciousness 2.6 (1.0) 2.9 (1.0) 3.0 (1.7) 3.1 (1.2)

 Obsessiveness 3.3 (1.2) 3.5 (1.3) 3.5 (1.6) 4.0 (1.5)

  Vanity 2.4 (1.2) 2.4 (1.3) 2.4 (1.5) 2.4 (1.2)

  Manipulativeness 2.3 (1.1) 2.4 (1.2) 3.0 (1.7) 2.7 (1.4)

  Type A Behavior 3.0 (1.5) 3.3 (1.6) 2.7 (1.7) 2.9 (1.6)

  Frugality 3.4 (1.1) 3.3 (1.1) 3.3 (1.4) 3.5 (1.3)

Note. Control scales are in italics.
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a
These scales were expected to belong to dimensions hypothesized to be associated with vmPFC damage.

b
These scales were not expected to belong to dimensions hypothesized to be associated with vmPFC damage.

c
There were no significant differences between study groups in “Before” ratings (all p's > 0.1).

d
Significance levels refer to differences between study group means in “Now” ratings:

*
= p < .05.

**
= p < .01.

***
= p < .001.
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Table 4

Principal Components Analysis with Varimax Rotation of Scales Loading on Component 1

ISPC Scale Irascibility Disturbed Social Behavior

Impatience .85 .20

Irritability .83 .18

Emotional Lability .76 .23

Inflexibility .74 .28

Insensitivity .66 .57

Lack of Insight .07 .82

Inappropriate Affect .23 .80

Social Inappropriateness .46 .70

Aggression .48 .57

Note. Component loadings > .50 are in bold.
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Table 7

Comparisons between vmPFC and non-vmPFC on dimensional scores, higher-order indices, and total score

vmPFC
(n=28)

Non-vmPFC
(n=96)

Mann-
Whitney U p

 Dimensions/Scales

Executive/Decision-Making Deficits 29.8 (10.6) 24.2 (7.7) 874.5 .003

Disturbed Social Behavior 17.6 (5.6) 14.9 (6.1) 940.0 .020

Irascibility 16.0 (5.7) 14.7 (5.3) 1171.0 .186

Diminished Motivation/Hypo-Emotionality 10.8 (4.0) 9.7 (3.5) 1102.0 .073

Distress 14.6 (4.9) 14.6 (5.1) 1334.5 .960

Lack of Stamina 5.1 (1.7) 4.3 (1.7) 1007.5 .041

Suspiciousness 3.0 (1.7) 3.1 (1.2) 1172.5 .272

Obsessiveness 3.5 (1.6) 4.0 (1.5) 1116.5 .160

Control Scales- Negative 5.4 (2.7) 5.0 (2.1) 1288.5 .736

Control Scales- Positive 6.0 (2.2) 6.4 (2.0) 1195.5 .366

Higher-Order Indices

 Acquired Ventromedial Prefrontal Personality Disturbances 73.2 (20.1) 63.6 (18.2) 906.5 .014

 Other Personality Disturbances 26.2 (6.8) 26.0 (7.0) 1326.0 .914

ISPC Totala 99.1 (25.8) 89.6 (23.5) 990.5 .096

Note.

a
ISPC total does not include control scales.
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