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ABSTRACT

Individuals with moderate-to-severe form of OCD symptoms may display
exceptional creativity and productivity; the underlying neurobehavioral mechanism of
this phenomena is unknown. This study aimed to define the characteristics of individuals
who demonstrate high life achievement/creativity and display clinically significant OC
symptomatology. The main hypothesis was that OC phenomena is significantly
correlated with high levels of creativity, and that individuals displaying this characteristic
will demonstrate a neurocognitive profile similar to subjects with clinical OCD.

We investigated cognitive, intellectual, emotional and clinical characteristics of
real-world high-achievers (HAs, n=28) as compared to “standard achievers” (SAs, n=29)
by measuring OC symptoms (Y-BOCS), depressive moods (BDI), levels of
creativity/flexibility (Creativity Scale), Verbal and Visual-Spatial Reasoning proficiency
and psychometric 1Q. Participants attended two testing sessions for neuropsychological

and clinical assessment. Using the clinical cut-off scores for Y-BOCS we identified two
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groups with highest scores on OC symptoms (8-19points) in High-Achievers and
Standard-Achievers, respectively. Between-groups independent samples t-test analysis
and within-groups Kendall’s Tau b correlations were performed.

We identified in this study a unique group of individuals, real life High-
Achievers, displaying severity of OC symptoms that are clinically significant and
demonstrating high scores on the scale of creativity. A valid strong correlative
relationship between creativity and OC characteristics emerged readily when OC
symptoms reached a higher level of severity and became clinically relevant. The
population of the real life high functioning achievers with High OC scores and Hi-
Creativity score (we name HFOCD) showed, however, no similarity to the
clinical/cognitive profile of subjects with clinical OCD, with no symptoms of depression
and no deficits in visual-spatial tasks, but with good verbal proficiency and high
psychometric 1Q. The results suggest that HFOCD may constitute an entirely unique OC
Spectrum population of individuals with etiology and underlying specific brain

mechanisms different than in subjects with clinical OCD.

Vi
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Chapterl
Introduction

Obsessive-compulsive disorder (OCD) is a chronically debilitating
neuropsychiatric syndrome with a population prevalence of 2%-3% (Karno, Golding,
Sorenson, & Burnam, 1988). OCD is characterized by obsessions that are often bizarre
thoughts, ideas, impulses or images. The obsessions are coupled with a feeling of
urgency or catastrophe leading to repetitive, time consuming, and ritualistic behaviors
known as compulsions (DSM-V, 2013). In severe cases, obsessions and compulsions can
occupy the entire day causing significant distress and impairment in social, occupational,
and personal areas of functioning (Rasmussen & Eisen, 1990, 1994; Sasson et al., 1997).
The prolonged time spent with overt and covert rituals impedes on social interactions,
relationships, learning and working productivity.

Yet, the evidence is available that individuals with a moderate-to-severe form of
OCD may become exceptionally creative and productive. Among those reported are
some of the most influential minds in our humanity, such as Isaac Newton, Nicola Tesla,
Howard Hughes, Charles Darwin, Marie Curie-Sklodowska and many others (Andreasen,
1987; Barlett & Steele, 2004; Freeman, 2013; Mast, 2014). Thus, a question is raised,
what are the psychological and brain characteristics that serve the outstanding creativity,
despite manifestations of OC symptoms. The current study aims to define these
characteristics in individuals who demonstrate high life achievement/creativity and
display at least mild OC phenomena (8 points and higher) on the Yale-Brown Obsessive

Compulsive Scale (Y-BOCS), a standard measure of OCD symptoms.
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The Nosology of OCD Phenomena

For decades OCD has been considered to be a homogenous disorder. Only recent
clinical and neuroimaging studies have lead to the concept of OCD as a multidimensional
disorder (Leckman et al., 2010; Mataix-Cols, Rosario-Campos, & Leckman, 2005;
Mataix-Cols, van den Heuvel, & Odile, 2006;). Among the empirically characterized
nosological variables are: (i) Etiology; (ii) Time of onset (Mataix-Col et al., 2005); (iii)
Behavioral and Neuropsychological Phenotypes (Gross-Iseroff et al., 1996; Mataix-Cols,
Alonso, Pifarré, Menchdn, & Vallejo, 2002; Savage et al., 1999); (iv) Pattern of
underlying brain abnormalities (Friedlander & Desrocher, 2006; Maia, Cooney &
Peterson, 2008); (v) Comorbidity with other DSM disorders (Lochner et al., 2014).
Etiology

Considering the mechanisms of etiology three subgroups have been studied. The
largest consists of OCD individuals with a clear genetic background of the disease related
to high aggregation of the mental disease in family members, and often a heritable pattern
of clinical symptoms (Pauls, 2008). The second group includes post-traumatic OCD in
which the disease develops after a traumatic event, such as brain injury, particularly
involving the anterior cingulate gyrus and striatum (Berthier, Kulisevsky, Gironell, &
Lopez, 2001; Grados, 2003; Grados, et al., 2008; Maia, et al., 2008) or psychological
trauma (Borges et al., 2011; Boudreaux, Kilpatrick, Resnick, Best, & Saunders, 1998;
Fontenelle et al., 2012). The third group includes rare patients who develop OCD
symptoms despite a non-significant family background for mental disorders and negative
history of trauma (Barlow, 2004). The etiological mechanism of such cases is not

understood.
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Time of Onset

Two peaks of onset have been described, pediatric (age 5-12) and young
adulthood (after age of 20). The prevalence of pediatric OCD affects an estimated 1.5 to
2.2 million children in the United States (Flessner, Berman, Garcia, Freeman, & Leonard,
2009). It presents with a higher severity of symptoms, a preponderance in boys, and is
more resistance to treatment than the adulthood form. Pediatric OCD also differs from
adult OCD in that it is often co-morbid with disruptive behaviors and developmental
disorders (Geller & March, 2012).

Other characteristics of pediatric OCD include a higher propensity of
aggression/catastrophe obsessions, hoarding and saving compulsions, poor insight into
their disorder compared to adults, and a higher fear of loosing loved ones or hurting
themselves. They display typical washing and checking comparable to adult populations.
Pediatric OCD patients are also more likely to experience severe cases of separation
anxiety disorder. Among co-morbid disorders that were found more frequently in the
pediatric OCD population and inversely related to age are Tourette’s Syndrome and
ADHD (Faro, Geller, Joshi, & Mancuso, 2010; Geller et al., 2001).

Adult onset OCD has different co-morbid disorders than pediatric OCD. While
Pediatric OCD patients have shown higher Tourette’s, Separation Anxiety Disorder, and
ADHD rates than adult OCD patients, Mancebo et al. (2008) showed that adults had
higher rates of substance abuse and eating disorders than their pediatric counter parts.
Adult OCD patients also showed lower rates of hoarding compared to pediatric patients
(Mataix-Cols, Nakatani, Micali, Heyman, 2008). Adult onset OCD also has been shown

to have less of a biological or genetic component as compared to pediatric OCD (Walitza
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et al, 2010). Wang et al. (2012) found differences in obsessions and compulsions
between pediatric and adult OCD patients. Adult patients were found to have less
symmetry/exactness obsessions. Other studies have also shown that adult onset OCD
endorsed less aggressive/catastrophic obsessions, checking compulsions, and that
superstition and magical thoughts, parasite obsessions and repeating, counting,
tapping/rubbing and collecting compulsions were significantly less frequent in adult OCD
(Garcia et al., 2009; Millet et al., 2004).
Cognitive & Behavioral Phenotype

Subjects with OCD have been separated into clusters considering the diversity of
clinical and cognitive neuropsychological phenotypes. Those with a more severe display
of obsessions than compulsions are reported to be more resistant to treatment and more
susceptible to suicidal attempts than persons with OCD who predominantly display
compulsions (Barlow, 2004). Moreover, a significant portion of the population with
OCD present with significant deficits in the visual-spatial domain but with very well
preserved verbal functions, in contrast to those who do not demonstrate significant
cognitive deficits (Dirson, Bouvard, Cottraux, & Martin, 1995; Krishna et al., 2011;
Kuelz, Hohagen, & Voderholzer, 2004). Abnormalities in executive organization have
been also shown consistently in the neuropsychological profiles of OCD patients. The
abnormality in the organizational process leads to apprehension, doubt, anxiety and
ritualized behaviors are utilized to offset these deficits. Poor inhibition of interference has
been considered to underlie deficits mostly in visual-spatial recall, cognitive set shifting,
and organization during visual—spatial working memory tasks (Christensen et al., 1992;

Gross-Iseroff et al., 1996; Malloy, 1987; Rosenberg et al., 1997; Savage et al., 1999).
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Long reaction times (RTs) (Galderisi et al., 1995) and shorter latency of cortical
responses in more severe OCD cases (Ciesielski et al., 1981; Purcell et al., 1998; Towey
et al., 1990) have also been related to inhibitory deficits. On tasks of executive functions
OCD patients often exhibit increased response latencies, set over-shifting, and problems
incorporating feedback to adjust their responses (Galderisi et al., 1995; Olley, Malhi, &
Sachdev, 2007). These deficits in executive organization are thought to be the major
underlying cause of the abnormalities seen in visual-spatial memory in OCD patients
(Penadés, Catalan, Andrés, Salamero, & Gastd, 2005; Savage et al., 1999; Shin et al.,
2004).
Brain Abnormalities

Inherent persistence of obsessive thoughts and compulsive behaviors have been
taken as a primary indicator of inhibitory failures and originally linked to frontal cortical
over-activation (Flor-Henry, 1983; Flor-Henry et al., 1979). The common conclusion
from earlier studies support a model of frontal-striatal deficits and its relatedness to
failures in inhibitory control of motor and cognitive functions (Rauch et al., 2001;
Rosenberg and Keshavan, 1998). Currently, the evidence about abnormalities in the
striatum, the anterior cingulate cortex (ACC), the dorsolateral prefrontal cortex (DLPC),
the head of the caudate nucleus, and the thalamus comprise the circuitry underlying the
frontal-striatal hypothesis of OCD (Aouizerate et al., 2004; Gu et al., 2008; Pauls,
Abramovitch, Rauch, & Geller, 2014). Recent fMRI studies also showed a reduction in
the orbital-frontal cortex (OFC) in OCD patients during repeated tasks, and this

abnormality may be due to an abnormal volume of gray matter in the OFC in OCD
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patients (Aouizerate et al., 2004; Gu et al., 2008; Maia et al., 2008; Remijnse et al.,
2006).

Findings of more recent neuroimaging studies elucidated patterns of brain
abnormalities involving the Frontal-Parietal network. For example, fMRI studies
demonstrated that in the frontal-parietal networks of OCD patients, both the cortical
mantle and white matter show significantly abnormal density in volume and oscillatory
activation (Ciesielski et al., 2007), suggesting a white matter endophenotype for OCD
(Menzies et al., 2008; Shin et al.,2006). In one study gray-matter in the left cuneus and
the cerebellum were reduced in OCD patients contrary to the abnormalities they expected
in the frontal-subcortical circuits (Kim et al., 2001). The authors suggested that these
abnormalities contribute to the abnormal visual-spatial processing and visual memory in
subjects with OCD. Consistently, recent MEG studies in non-depressed subjects with
OCD displayed abnormally reduced activation in the parietal regions and abnormally
elevated activation in the prefrontal medial and dorsal lateral cortex during visual-spatial
working memory tasks (Ciesielski, Hdmaéldinen, Lesnik, Geller, & Ahlfors, 2005;
Ciesielski et al., 2012). Since functional coupling between the parietal-occipital and
frontal alpha provides insight into the neural mechanisms that are failing during abnormal
top-down inhibitory control (Neupper & Pfurtscheller, 2001; Ward, 2003), our focus on
integrity of the frontal-parietal network, as the main substrate of top-down-inhibitory
control mechanism, is well justified.

Comorbidity
Using the criterion of co-morbidity many of the OCD cases demonstrate co-

occurrence with other DSM-V disorders, such as major depressive disorder (MDD) in
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~20% of cases. Comorbid OCD with MDD responds to a different treatment than regular
OCD as only a small number of selective serotonin reuptake inhibitors (SSRI’s) alleviate
symptoms. This has led to speculation that OCD comorbid with MDD may be
qualitatively different than OCD by itself and the comorbid MDD may be an integral part
of OCD and not a separate entity (Fineberg, Fourie, Gale, & Sivakumaran, 2005).
ADHD is also a highly comorbid disorder with OCD (~30% of cases). This is unusual as
OCD and ADHD are distinctly separate conditions and the explanations behind the high
comorbidity rates are undetermined (Walitza et al., 2008). Comorbid cases present with
an earlier onset, more severe symptoms, and higher persistence (Borges, et al., 2011,
Flessner et al., 2009). A pure OCD with no confound of depressive symptoms constitute
only ~25% of OCD cases. The comorbidity rate and severity of a recurring disorder may
fluctuate during the lifetime of a patient (Masclitis, Rector, & Richter, 2003).
The Severity of Symptoms: Subclinical OCD

HFOCD needs to be differentiated from a construct of subclinical OCD, in which
OC level symptoms may intermittently interfere or not with daily functioning. On the Y-
BOCS, a tool for assessing the severity of OC symptoms, the clinical cutoff score is 16
and of a possible 40. Scores below 7 are conventionally considered as representing a
subclinical form of OCD (Goodman et al., 1989). Subclinical OCD is defined as the
presence of obsessive thoughts or compulsive rituals that do not cause impairment or
distress, that are not time consuming (i.e. <1 hour per day), and thus, do not fulfill the
clinical criteria for DSM-V (Lesnik, Ciesielski, Hart, Benzel, & Sanders, 1998).
However, Rachman and de Silva (1978), who were the first to report thought intrusions in

about 70% of an average normal population, stated that occurrence of intrusions was
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related to the severity of depressive and anxiety symptoms of an individual, and the
attempts to resist the thoughts. The content of thought intrusions in the general
population resembled obsessions in subjects with OCD and included: impulses of harm or
attack towards someone, thoughts about sexual assault, family health problems etc.
Subclinical OCD is an important but underappreciated member of the OCD spectrum. It
is commonly found among first-degree relatives of persons with OCD, either through a
genetic link, and/or behavioral modeling by the parent. Recent clinical and neuroimaging
studies revealed the presence of endophenotype in OCD, the internal intermediate
phenotype that constitutes continuity between genes and eventual disease. Abnormalities
in the parietal white matter cortex, cortical orbital regions and frontal subcortical regions
have been identified as endophenotypes of OCD (for example Menzies et al., 2007;
Szeszko et al., 2004). Subclinical OCD may proceed to the clinical form in ~ 20% of
cases (Black & Gaffney, 2008).

The Level of Functioning: High Functioning OCD (HFOCD)

The present study predicts the presence of a new cluster of individuals with OCD,
from the perspective of the level of their functioning. While the lower end of this
spectrum will aggregate individuals who are devastated by the disease and fail in all
aspects of life (low-functioning patients with OCD), the far end of the spectrum will
concentrate on those individuals with OCD who, despite the highly distressing and
clinical (as per DSM-V criteria) symptoms of OCD, could be highly productive and
successful. We will call this population High-Functioning OCD (HFOCD). Cases with
HFOCD are rare and, therefore, gaining a testing access to this HFOCD population in a

sufficiently large sample is unattainable. However, we may examine this relationship
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between high achievement/creativity and OC symptoms, by accepting a model of a non-
clinical population of “real-world” high achievers” (HAs) and assessing them using
measures of creativity and the manifestation of OC symptoms. If this link between the
HAs, creativity and OC symptoms exists, we will be able to characterize the pattern of
neuropsychological and clinical measures and, therefore, the kind of brain mechanism
that characterizes these individuals that are able to function well while experiencing OC
symptoms, or who may even employ OC symptoms as an ally towards success.

Currently, there is a paucity of research in this area. Furnham, Hughes, and
Marshal (2013) attempted to show a negative correlation between OCD and creativity, as
deriving from over-inclusive thinking. Thus, the rigid thinking styles that are commonly
associated with OCD (Moritz et al., 2002), such as orderliness, neatness, and
perfectionism, would come at the cost of flexibility and creativity (Furnham & Crump,
2013). In contrast, it was found that sub-clinical OCD was positively correlated with
creative behaviors even when not reported on self-evaluations of creativity (Furnham et
al. 2013).

What are the cognitive and neurobiological mechanisms underlying the successful
battle with OCD? Understanding these mechanisms is important as this knowledge will
help us to unravel the processes in which some individuals are able to control their OC
symptoms and concentrate that energy on a particular target of achievement, while others
succumb to the disease. Unraveling the basis of such resilience to OCD may instigate
future studies on prevention. It may also reflect on the evolutionary persistence of this
highly debilitating disorder that is markedly resistant to treatment. Based on empirical

observations we predict that the link between OC symptoms and high real-world
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creativity may have an evolutionary and, therefore, ubiquitous character. The
understanding of a neurobehavioral basis of HFOCD may help us to unravel the
unexpected developmental alliance between OCD and exceptional achievement and
creativity.
Hypotheses

The overarching hypothesis of this research is that the presence of HFOCD can be

documented using an approximate model in real-world “high achievers” (HAS) as

compared to “standard achievers” (SAs). The co-display of obsessive-compulsive

(OC) symptoms with creativity and exceptional life achievement raises some intriguing
questions: Are high creativity and high life achievements innately linked to OC
characteristics in the population at large, and, if this is the case, what could be the
neural/behavioral mechanisms underlying such a link? Understanding this mechanism is
critically important for gaining insight into the mechanism of resilience against
obsessions and compulsions and, therefore, for designing future prevention approaches
for OCD. Our specific hypotheses are:

Hypothesis 1: The HAs will demonstrate a significantly higher scores on creativity
measures, and higher prevalence to OC characteristics than SAs, with high correlations
between these two measures.

Hypothesis 2: The neurobehavioral profile demonstrated in HAs, as compared to SAs,
will resemble the profile reported in clinical OCD, with depressive moods, abnormal
inhibitory control of distracters, a deficient performance on visual-spatial organization

and memory tasks but high verbal proficiency.

10
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Hypothesis 3: The neural mechanism underlying the high scores on creativity tasks in
HAs in parallel with prominent OC characteristics, will be associated with a high
psychometric 1Q and normal scores on Brief Ataxia Rating Scale (BARS), reflecting a

high level of integrity within the frontal-parietal network.

11
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Chapter 2
Methods
Rationale

We aimed to characterize ‘real-world’ high achievers (HAs) in comparison to

“real-world” standard achievers (SAs) using four groups of characteristics: Group 1

for severity of Obsessive-Compulsive symptoms (OC) and Depressive Moods; Group 2
for Measures of Creativity/Flexibility; Group 3 for the psychometric I1Q; and Group 4
the Verbal vs Visual-Spatial performance. 1Q helped us to determine the compatibility of
subjects for both groups, HAs and SAs, and with the final interpretation of acquired data.
Our working hypothesis was that HAs are similar to patients with OCD and will, in
contrast to SAs, display a significantly higher level of O-C characteristics and higher
scores on the creativity measure than SA’s. We also predicted a significantly lower
performance on visual-spatial tasks than SAs. Such defined HAs provided a valid model
to initiate studies on the entanglement of OC characteristics and creativity with a well-
justified extension of the examination of brain networks in HFOCD.
Participants

Fifty-Seven participants were recruited to participate in this study. The
exclusionary criteria was identical for all subjects and included: a history or current
clinical diagnosis of a DSM-V disorder, CNS medication, TBI, current or past severe
substance/alcohol abuse and medical conditions, including seizures. Two participants
were excluded. One due to depression and one due to current substance abuse.
Participants in both groups who expressed interest in participating were e-mailed a

preliminary screening questionnaire to asses for the exclusionary criteria. The

12
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questionnaire also assessed whether or not they were currently a graduate student or
planned on applying for/attending graduate school. All participants were compensated
monetarily in a uniform amount, except for some participants in the SA group that were
given class credit.

From these 57 participants, 28 ‘real-world’ HAs, (17 female and 11 male, age
range = 20-39, M age=27.8, SD=5.17), were recruited from the population of graduate
and doctoral students, post-doctoral researchers, and medical students from multiple
graduate departments of The University of New Mexico College of Arts & Sciences, The
University of New Mexico School of Medicine, The University of New Mexico School
of Engineering, The University of New Mexico School of Architecture and Planning, and
The Mind Research Network. These participants were recruited by putting up flyers in
each respective school/department and sending email messages to all the graduate and
doctoral students, as well as post-doctoral researchers, in each. Once they responded
expressing interest in participating they subsequently completed the Screening
Questionnaire Form, and if eligible, were invited to participate in person.

The remaining 29 participants made up the SA group (19 female and 10 male, age
range=18-36, M age=22.9, SD=5.08). These participants were recruited from
undergraduate psychology courses at the University of New Mexico and from associate
degree and apprenticeship programs from Central New Mexico Community College. The
SA group was recruited by flyers displayed around the University of New Mexico
campus, the SONA recruiting system online, and mass emails to undergraduate
psychology classes. Like the HA group, once the SA participants responded expressing

interest in participating they subsequently completed the Screening Questionnaire Form,

13
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and if eligible, were invited to participate in person. These participants indicated on their
screening form that they were not planning on attending graduate school.
Measurements

Four groups of measurements comprised the following testing tools:

Group 1. Severity of Obsessive-Compulsive Symptoms and Depressive Moods

Yale-Brown Obsessive Compulsive Scale (Y-BOCS) and Structured Clinical
Interview
For assessment of severity of Obsessive-Compulsive symptoms (OC); Severity of OC
symptoms was assessed using Y-BOCS (Goodman et al., 1989): Quantitative severity for
obsessions includes items 1 — 5 and compulsions 6 — 10 by time consumed, life
interference, internal distress, control over symptoms, also insight, avoidance,
indecisiveness, pervasive slowness. The scale has earned high validity and reliability.
The sub-clinical cutoff score is 8 and below, out of a possible 40. Scores of people in the
community-at-large may fall between 0 and 8.

BDI-11 — The Beck Depression Inventory Il is a 21 question multiple choice
self-report questionnaire designed to assess the severity of depression. Each question has
an option of selecting 0-3 and the scores from the questions are totaled for the first set of
ten questions and the second set of ten questions. Ratings of two or three on questions,
two (hopelessness) and nine (suicidal ideation) should be closely attended to as these are
red flags. The cut off scores for the total scores are as follows: 0-13 minimal depression,
14-19 mild depression 20-28 moderate depression, 29-63 severe depression (Beck, Steer,

Ball, & Ranieri, 1996).

14
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Group 2. Achievement/Creativity and Cognitive Flexibility

The Creativity Achievement Questionnaire (CAQ) (Carson, Peterson, &
Higgins, 2003) is a self-report measure used to assess creativity of an individual. The
measure asks about 10 different domains of creativity (Visual Arts, Music, Dance,
Architectural Design, Creative Writing, Humor, Inventions, Scientific Discovery, Theater
and Film, Culinary Arts) and requires the participant to put a check mark by the sentence
that best describes their relation to that domain such as music or visual arts. Within each
domain there are seven sentences describing their level of expertise with zero being no
training or experience and seven usually being national recognition for that domain. If
the participant selects seven they are also asked to indicate the number of times that
sentence applies to them. For example, the music in domain seven states, “My
compositions have been critiqued in a national publication” and if selected the participant
would write how many times that has happened. At the end, the numbers next to the
sentences selected are added up and a total score is formed. If the number seven sentence
is selected it is multiplied by the number of times the participant indicated it has
happened and then added to the total score.

Wisconsin Card Sorting Test (WCST) — This test was used to assess executive
function, abstract reasoning, and set shifting flexibility. The 64-card deck of the WCST
will be administered, which required participants to match each of the cards to 1 of 4
template cards on the basis of three principles (color, form or number). Very little
feedback was given to the participant regarding their responses, therefore, requiring the
use of abstract reasoning skills in order to carry out the task (The same format as Heaton,

Chelune, Talley, Kay & Curtiss, 1993). Participants were required to correctly sort to a

15
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given principle (e.g., color) ten consecutive times, before the sorting principle is changed
(e.g., to form). The task was continued until the participant has sorted all 64 cards in the
deck. The following WCST outcome variables were used in the analyses: (1) categories
completed (every 10 correct consecutive sort to a correct principle is counted as one
completed category) (2) total errors (every time a card is incorrectly sorted) (3)
perseverative responses (repetitive sorting) (Kohli & Kaur, 2006).

Group 3. Psychometric 10Q

WASI-I1 — The Wechsler Abbreviated Scale of Intelligence is an abbreviated
measure of cognitive intelligence that uses subtests from the WAIS-1V and is meant for
people ages 6-90. These subtests assess for Verbal and Perceptual reasoning. The
Vocabulary and Similarities subtests make up the Verbal Comprehension Index (VCI)
and Block Design and Matrix Reasoning form the Perceptual Comprehension Index. The
scores from all four subtests are combined to form the Full-Scale 1Q-4 (FS1Q-4). The
classifications for FSIQ-4 scores are as follows (Wechsler, 2011): 70 extremely low; 70-
79 borderline; 80-89 low average; 90-109 average; 110-119 high average; 120-129
superior; 130 very superior. This test was used to estimate Verbal and Visual 1Q.

Block Design — This subtest assesses the ability to analyze and synthesize visual
stimuli, visual perception and organization, nonverbal concept formation, and visual
motor coordination. The examinee used red and white blocks to recreate two
dimensional designs from the stimulus booklet. There were 13 total trials and each trial
had a time limit in which the examinee must complete the design to receive points.
Depending on how the fast the examinee correctly puts together the blocks, more points

were awarded for questions 5-13 (McCrimmon & Smith, 2013).
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Vocabulary — This subtest assesses word knowledge, verbal concept formation,
crystallized intelligence, and degree of language development. The examinee was
required to verbally define or describe a word or concept that is presented orally to them.
They were also able to see the word written out in the stimulus book. Scoring is
dependent on the examinees responses and can be either zero points, one point, or two
points with some responses necessitating follow up responses (McCrimmon & Smith,
2013).

Matrix Reasoning — This subtest assesses fluid and visual intelligence, spatial
ability, and perceptual organization. Within the stimulus booklet are 30 visually-depicted
matrices that are not completed. The examinee was then required to view the matrix and
pick one of the five images in a row below that matrix that would logically complete it.
Each correct trial was worth one point (McCrimmon & Smith, 2013).

Similarities — This subtest assesses verbal concept formation, crystallized
intelligence, abstract reasoning, associative and categorical thinking, and verbal
expression. The test includes 24 items and examinees were required to respond verbally
describing two concepts or objects presented orally by the examiner. Scoring for each
item ranged from 0-2 depending on the examinees response and how well these responses
adhered to the guidelines presented in the manual (McCrimmon & Smith, 2013).

Group 4. Neurological Screening Test

Brief Ataxia Rating Scale (BARS); Schmahmann, Gardner, MacMore &
Vangel, 2009). BARS is a well established tool with separate assessment of posture and

gait, kinetic functions, speech disorders and oculomotor disorders. The quantification of
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the specific core of the cortical-cerebellar syndrome is possible and useful for both
developmental and pathological application.

Rey-Ostereith Complex Figure Test — (Lezak, 2003). This neuropsychological
tool is used to assess visual-spatial abilities, nonverbal memory skills, organizational
skills, visual-motor coordination and top-down inhibitory control, all functions closely
relying on the frontal-parietal- network. The participants viewed a picture of the complex
figure and drew a copy of it. Next, in the Immediate Recall (RCFT-IR), the picture of the
figure was taken away and the subject was asked to draw the image from memory.
Finally, in the delayed condition, the participant was asked to draw the complex figure as
best they could one more time (Shin, Park, Park, Seol, and Kwon, 2006).

Procedure

The testing procedure was split into two sessions. The first session took
approximately 1.5 hours and the second session took approximately 1 hour and 20
minutes.

First Session

In the first session, the subject was invited by the Student Investigator to the
Pediatric Neuroscience Laboratory (PNL) to participate. After the subject was read their
rights as a participant and gave their informed consent testing began. This test was
followed by a vision test on a standard eye chart. The participant was directed to stand
approximately 10 feet from the chart and read the line as indicated by the researcher.
This was repeated for both eyes. The participant then underwent an auditory test. The
researcher would rub their fingers together either to the left, right, or directly behind the

participant. The participant would then indicate if they heard the sound by raising their
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respective hand (both hands for directly behind). These tests were administered to make
sure the participant’s sensory functions were intact.

After these tests were complete, the participant was led to another testing room
consisting of a table (with testing material already set up) and two chairs. The first test
administered was Annette’s Test of Handedness to determine if the participant was left or
right handed. The test battery was administered in the following order: WASI-II (entire
test), Rey-Ostereith Complex Figure Test (copy), Rey-Ostereith Complex Figure Test
(immediate recall), WCST, CAQ, and the Rey-Ostereith Complex Figure Test (delayed
recall). After all tests were completed the participant was led back to the PNL and
received their payment or class credit. All of the above assessments were administered
by the Student Investigator who was trained in the administration of each measure.
Second Session

After the first session, the participant was invited back to the PNL by the
Principle Investigator. This session consisted of the following assessments in order:
Structured Clinical Interview, BARS, BDI-II, and Y-BOCS. All of these assessments
were administered by the licensed Clinical Neuropsychologist. After the participant

completed all the assessments, they were given the second half of their reimbursement.
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Chapter 3
Results
Between Group Analysis for Entire Data Set

A series of between-group t-tests revealed that our groups, HAs and SAs, did not
differ significantly in terms of age and gender (p>.05).

A summary of the independent samples t-test results, related to the complete set
of data for all HAs and SAs participating in this study, is shown in TABLE 1. Four out of
ten variables were assumed to have unequal variances based off results from Levene’s
Test for Equality of Means and the unequal p-values are reported for those four variables.
There was a statistically significant difference between HA Creativity scores (M = 16.75,
SD = 8.64) and SA Creativity scores (M = 10.86, SD =9.11), t(55) = 2.503, p = .015 with
HAs scoring higher. However, there was no statistically significant difference between
the HA Y-BOCS scores (M = 7.23, SD = 5.93) and the SA Y-BOCS scores (M =5.44, SD
=4.35), 1(45.85) = 1.23, p = .224. FIGURE 1 below shows that HAs obtained a
significantly higher score on creativity than SAs, but did not differ from SAs in their OC

scores on Y-BOCS scale (see TABLE 1).
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FIGURE 1. Mean Differences Between HA and SA Groups for Creativity and YBOCS

Scores Error bars represent 95% confidence interval. *p<.05
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TABLE 1 shows also statistically significant difference between the following
variables: HA’s IQ scores (M =109.79, SD = 9.06) and the SA’s IQ scores (M = 96.34,
SD = 10.88), t(55) = 5.06, p < .001, HA VCI scores (M = 106.18, SD = 8.89) and SA
VCl scores (M =93.84, SD = 10.08), t(55) = 4.90, p <.001, HA PRI scores (M = 111.32,
SD = 13.08) and SA PRI scores (M = 101.45, SD = 11.29), t(55) = 3.06, p = .003, and
HA BDI scores (M = 5.62, SD = 5.12) and SA BDI scores (M = 9.36, SD = 5.83), t(49) =
-2.44,p =.018, and HA’s RCFT Immediate scores (M = 25.46, SD = 5.94) and SA’s
RCFT-IR (M = 19.70, SD = 8.24), t(50.95) = 3.04, p = .004. For all of these
comparisons, HA scores were significantly higher, except for BDI scores on which SA
scores were higher. FIGURE 2 shows mean IQ differences between HA and SA groups.
FIGURE 3 shows mean VCI and PRI differences between HA and SA groups.
FIGURE 4 shows mean BDI differences between HA and SA groups. FIGURE 5

shows mean RCFT Immediate differences between HA and SA groups.
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FIGURE 2. Mean Differences Between HA and SA Groups for 1Q
Error bar represents 95% confidence interval. ***p<.001
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FIGURE 3. Mean Differences Between HA and SA Groups for VCI and PRI

Error bar represents 95% confidence interval. **p<.01 ***p<.0001
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FIGURE 4. Mean Differences Between HA and SA groups for BDI
Error bar represents 95% confidence interval. *p<.05
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FIGURE 5. Mean Differences Between HA and SA Groups for RCFT-IR
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The results suggest that HAs had higher 1Q scores, significantly higher verbal and
perceptual reasoning scores, and significantly lower scores (less depressive answers) on
BDI. These results are consistent with expected higher psychometric 1Q in HAs. These
results are not consistent with our hypothesis that HAs will have elevated scores on BDI.
The results are also not consistent with our prediction that HAs will perform significantly
more poorly than SAs on tests of visual-spatial ability.

Within-Group Analysis: Correlational Analysis for Entire Data Set

Next, a nonparametric correlation was conducted using Kendall’s Tau-b to
examine the relationship of 1Q, Creativity, Y-BOCS, BDI, BARS, VCI, PRI, RCFT-ID,
WCST Perseverative Errors, and WCST Categories Completed within the entire group of
57 participants. The Kendall’s Tau-b correlation was used instead of the Pearson
Correlation to adjust for the non-normal distributions due to four of our variables having
unequal variances. Also, given the number of correlations being computed, Kendall’s
Tau-b gave us an exact p-value so no Bonferroni correction was necessary. The results
are summarized in TABLE 2.

The results showed a statistically significantly correlation of 1Q with Creativity
(tb = .274, p = .004), BDI (b =-.224, p = .025), RCFT Immediate (zb = .432 p < .001),
and WCST Perseverative Errors (b = -.221, p = .025). These results suggest that as 1Q
increases, so does creativity, and visual-spatial ability and memory as well as cognitive
flexibility. It also suggests that as 1Q rises depression decreases. The results also showed
a statistically significant correlation between Creativity and Y-BOCS (zb = .260, p = .01),

VCI (zb =.373, p <.001), PRI (zb = .19, p =.042), and RCFT Immediate (zb =.233, p =
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.012). This suggests that as OC symptoms rise, so does creativity. Consistent also is an
increase in verbal and visual-spatial reasoning and visual-spatial memory.

These findings support our hypothesis that the neural mechanism underlying the
high scores on creativity tasks in HAs in parallel with prominent OC characteristics, will
be associated with high psychometric 1Q and subclinical scores for depression. It also
supports our hypothesis that there is a correlation between higher creativity and high OC
characteristics. Further, these findings support our hypothesis that verbal scores will be
correlated with higher OC characteristics but does not support our hypothesis that the
reduced visual-spatial ability will be negatively correlated with higher OC characteristics.

A partial correlation was also conducted to make sure 1Q was not influencing the
relationship between Creativity and Y-BOCS. Controlling for 1Q, there was still a
significant correlation between Creativity and Y-BOCS (r = .334, p =.018). These
findings propose that despite differences in 1Q, creativity and OC characteristics are still
related and 1Q is not driving this relationship.

Between Groups Analysis of High High Achievers (HH) and Standard High
Achievers (SH)

In an effort to accurately capture OC characteristics from the HA group, we used
the 8 points cutoff for subclinical OCD scores on the Y-BOCS. Participants who scored
8 or above on the Y-BOCS were put into a new group called High-High Achievers or
HH. These 12 participants constituted the top 46% of the HA group in terms of Y-BOCS
scores. To accurately compare the HH group with the SA group, we took the same
percentage, 46%, of top Y-BOCS scores from the SA group to create a group called

Standard High Achievers or SH. This not only gave us a more valid look at participants
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with OC characteristics, it also reduced the variability of Y-BOCS scores in the
populations as seen by the decrease in each SD. The HH Y-BOCS score is M = 12.92
SD =2.75; The SH Y-BOCS score became M = 9.25 and SD = 2.56.

To compare the two groups and determine whether the HH group represented a
profile of HFOCD (higher Y-BOCS and Creativity scores) compared to the SH group, we
used a two sample independent t-test. The HH group was statistically significantly higher
in the following areas: Y-BOCS t(22) = 3.82, p =.003 HH (M =12.92, SD = 2.75) SH
(M =9.25, SD = 2.56), Creativity t(22) = 1.30 p = .003 HH (M = 17.75, SD = 8.90) SH
(M =12.92, SD = 9.37), 1Q t(17.64) = 3.05 p =.007 HH (M = 108.83, SD = 7.36) SH (M
=95.92, SD = 12.70), and VCI t(22) = 1.04 p = 0.01 HH (M = 107.50, SD = 8.59) SH (M
=95.95, SD = 11.46). Figure 6 represents the YBOCS mean group differences. Figure 7
below shows the mean HH vs. SH group differences for 1Q and VVCI.

Figure 6. Mean Differences Between HH and SH Groups for YBOCS Scores
Error bar represents 95% confidence interval. **p<.01

Y-BOCS

15.00 M=12.92 Blue=High-High Achiervers (HH)
Green=High-Standard Achievers (SH)

p= 003+

10.007

Mean Score for 10 Items

5.00

00—

Group

26

www.manharaa.com




Figure 7. Mean Differences Between HH and SH Groups for 1Q and VCI Scores
Error bar represents 95% confidence interval. * p<.05 **p<.01
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Within-Group Analysis: Correlational Analysis for HH and SH Groups

To further test our hypothesis that HH will show a high correlation between
creativity and OC characteristics a Kendall’s Tau B correlation was performed (TABLE
4). Within the HH group Creativity and Y-BOCS were significantly positively correlated
(b = .552, p = .015). Their Y-BOCS and BDI scores were also correlated (th = .569, p =
.014). The only significant correlation for the SH group was a negative correlation
between 1Q and BDI (b = -.457, p = .014), Y-BOCS and BARS (b = .-.610, p = .01),

and RCFT-IR and 1Q (tb = .554, p = .013) (TABLE 5).
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Chapter 4
DISCUSSION

In this study we identified a unique group of individuals, real life High-Achievers
displaying a severity of OC symptoms that are clinically significant (between 8-19 points
on Y-BOCS) and demonstrating high scores on the scale of creativity. It is important to
note that the Y-BOCS scores we report in our population of college students ranging
between 5 and 9 points (out of 40) on the Y-BOCS scale, are highly consistent with
earlier reported average scores in college students across campuses (Steketee, Frost &
Bogart, 1996), and therefore appear to be a valid representation of the average
distribution of OC traits across student populations at large. However, a valid strong
correlative relationship between creativity and OC characteristics seems to emerge only
when OC symptoms reach a higher level of severity, and become clinically relevant.

It is important to note, that our HH achievers (that we named HFOCD),
displaying a moderate-to-severe clinical score on Y-BOCS, did not display a pattern of
clinical and cognitive characteristics resembling patients with OCD. They scored low on
the Beck Depression Inventory and did not have significant difficulties with performance
on visual-spatial tasks, although poor visual-spatial proficiency is a cognitive marker of
OCD (Bloch et al., 2011). Additionally, most of HFOCD subjects achieved a
significantly higher level of 1Q than the rest of the tested population. Thus, the population
of the real life high functioning achievers with High OC scores and Hi-Creativity scores
(HFOCD) also showed a high 1Q, and good Verbal score. In contrast to patients with
OCD they also show high visual-spatial skills, and low scores on the Beck Depression

Inventory. Thus, the results permit speculation that HFOCD may constitute an entirely
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unique population of individuals with different etiology and underlying brain
mechanisms.

So how are HHs able to achieve with significantly higher OC characteristics than
the normal population? The answer may lie in their cognitive flexibility. Researchers
have long thought that the cognitive processes in individuals who are achieving at the top
of their field are operating on a different level of thinking quantitatively and qualitatively
(Simonton, 1988, 1999). These differences were proposed to be explained by a lower
level of latent inhibition (LI- inability to cognitively suppress past stimuli and events). It
has been suggested that that low latent inhibition is associated with increased creative
achievement in high-functioning individuals (Carson et al., 2003; Takeu et al., 2011) .
Specifically, their studies show a significant relationship between reduced LI and high
creativity compared to controls with high LI and an average conceptual creativity. This
greater exposure to stimuli variability would lead to more cognitive flexibility and the
ability to combine stimuli in more original and more creative ways, than by someone
limited by high LI. The research also showed that high IQ is a modulating factor for high
creativity in individuals with low LI. Those with high I1Q have demonstrated the ability
to avoid the psychopathology usually associated with low LI. This high 1Q (quantitative)
combined with other yet unknown cognitive strengths may hold the key in deciding
whether low LI will lead to high creative achievement or low functioning
psychopathology (Carson et al., 2003; Chirila & Feldman, 2012).

This pattern of low LI driving creativity and being modulated by high 1Q may
explain the findings of our study. The IQ differences between the HH and SH groups

was significant and in the HH group there was a strong significant correlation between
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creativity and YBOCS scores that was not seen in the SH group. Across the HA and SA
groups HA’s were significantly more creative and again had higher 1Qs. While 1Q may
not be driving the relationship between creativity and YBOCS scores in our sample per
our partial correlation a trend has emerged with the HA and HH groups having higher
1Qs. Applying the low LI theory to these results we would suggest that low LI has led to
higher creativity in HAs than SAs. Those with the lowest LI would presumably have the
most severe OC characteristics as seen in the clinical YBOCS scores of the HH group.
This group had the highest IQ’s and YBOCS scores while also showing the strongest
correlation between creativity and OC characteristics. Thus, their high 1Q acts as a
protective factor or cognitive strength in the way Carson et al. (2003) suggested allowing
their low LI to manifest into high creativity and high achievement while protecting them
from the more severe psychopathology of OCD.

Behaviorally the characteristics of OCD such as obsessions and compulsivity,
when modulated with high 1Q or other cognitive resilience, may become adaptive for an
individual and allow them to achieve higher creativity than their standard counterparts.
OCDs tend to have more personality types and behaviors that are associated with
orderliness and perfectionism at the expense of efficiency and flexibility. While this
preoccupation with neatness, orderliness, and perfectionism is not often thought of in the
same vein as traditional creativity, OCD has been shown to be associated with creative
behaviors in sciences and technology OCDs, where they may achieve the most (Furnham
etal., 2013).

Current neuroimaging studies associate a specific integrative functional

connectivity between the Default Mode Network (DMN), the Fronto-Parietal Networks
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(FPN) and Inferior Medial Frontal regions, with high creativity in healthy individuals
(Beaty et al., 2014; Zhu et al., 2017). These networks also play an important role in the
neurobiological models of OCD (Ciesielski et al., 2012; Menzies et al., 2008). The
currently identified unique population of high functioning real-life high achievers with
high OC characteristics (HFOCD), with high markers of originality and no depressive
symptoms invites a continuation of these studies using neuroimaging technology.
Understanding the underlying network connectivity in HFOCD subjects may inspire

innovative ideas about the preventive interventions for OCD.
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Tables

Table 1

Results of Independent Samples t-test Between HA and SA Groups

Variables HA SA t-test
n M SD n M SD t df Sig. (2-tailed) Cohen’s d
IQ 28  109.76 9.06 29  96.34 10.88 5.06 55 <.001™" 1.34
Creativity 28  16.75 864 29  10.86 9.11 2.50 55 015" .66
YBOCS 26 723 593 25 544 4.35 1.23  45.86 224 34
BDI 26 562 512 25  9.36 583  -2.44 49 016" 77
BARS 26 5.08 248 25 472 2.79 483 49 631 16
VCl 28  106.18 889 29 9383 10.08  4.90 55 <.001™" 1.30
PRI 28 111.32 13.08 29 111.32 13.08  3.06 55 .003” 81
RCFTIMM 28  25.46 594 29  25.46 5.94
WCSTPE 28  5.79 387 29 579 3.87
WCSTCC 28  4.43 110 29 443 1.10
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Note. YBOCS=Yale-Brown Obsessive-Compulsive Scale; BDI=Beck Depression Inventory; BARS= Brief Ataxia Rating
Scale; VCI=Verbal Comprehension Index; PRI = Perceptual Reasoning Index; RCFTIMM = Rey Complex Figure Test
Immediate Recall; WCSTPE = Wisconsin Card Sorting Test Perseverative Errors; WCSTCC = Wisconsin Card Sorting Test

Categories Complete. *p<.05 **p<.01 ***p<.001

46

www.maharaa.com




Table 2

Kendall’s Tau B Correlational Results for Entire Data Set

M SD [0) CREA YBOCS BDI BARS VCI PRI RCFT  WCST WCST

IMM PE CcC

[0) 102.95 12.03
Creativity 13.75  9.29 27

*%

YBOCS 6.35 5.24 .03 .26

BDI 745 574  -22 073 16 o
BARS 490 261 -01 -.04 12 -04
VCI 99.89 1130 687 .37 18 -19  -02 L
PRI 106.30 13.07 .67 19 -.03 -10  -09 407
RCFTIMM 2253 7.71 437 237 17 10 .11 387 427
WCSTPE 681 522 -22°  -08 .03 10 .10 -.16 -14 -15 o
WCSTCC  4.09  1.43 18 .60 01 -00  -.02 15 20 217 557"
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Note. YBOCS=Yale-Brown Obsessive-Compulsive Scale; BDI=Beck Depression Inventory; BARS= Brief Ataxia Rating Scale;
VCI=Verbal Comprehension Index; PRI = Perceptual Reasoning Index; RCFTIMM = Rey Complex Figure Test Immediate Recall;

WCSTPE = Wisconsin Card Sorting Test Perseverative Errors; WCSTCC = Wisconsin Card Sorting Test Categories Complete.

*p<.05 **p<.01 ***p<.001
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Table 3

Results of Independent Samples t-test for HH and SH Groups

Variables HH SH t-test
n M SD n M SD t df  Sig. (2-tailed) Cohen’sd
IQ 12 108.83 7.36 12 9592 1270 3.05 17.64 007" 1.24
Creativity 12 17.75 890 12 1292 937 130 22 209 53
YBOCS 12 1292 275 12 925 256 338 22 .003” 1.36
BDI 12 650 557 12 1025 555 -165 22 113 67
BARS 12 583 225 12 492 207 1.04 22 310 42
VClI 12 10750 859 12 9592 1146 2.80 22 01" 1.14
PRI 12 108.08 10.63 12 10050 12.33 1.61 22 121 66
RCFTIMM 12 2554 635 12 2208 874 111 22 279 45
WCSTPE 12 667 558 12 917 862 -84 22 408 34
WCSTCC 12 442 124 12 383 164 96 22 337 40
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Note. YBOCS=Yale-Brown Obsessive-Compulsive Scale; BDI=Beck Depression Inventory; BARS= Brief Ataxia Rating Scale;
VCl=Verbal Comprehension Index; PRI = Perceptual Reasoning Index; RCFTIMM = Rey Complex Figure Test Immediate Recall;
WCSTPE = Wisconsin Card Sorting Test Perseverative Errors; WCSTCC = Wisconsin Card Sorting Test Categories Complete.
*p<.05 **p<.01 ***p<.001
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Table 4

Kendall’s Tau b Correlational Results for HH Group

M SD IQ CREA YBOCS BDI BARS VCI PRI RCFT WCST WCST
IMM PE CC
IQ 108.83 7.36
Creativity  17.75  8.90 .00 _
YBOCS 1292 275 -12 55" L
BDI 650 557 -13 34 577
BARS 583 225 -.08 -.02 -13 02
VClI 107.50 559 .52 .03 -28 -2 -2
PRI 108.08 10.63 .50 17 31 02 .00 -.05 L
RCFTIMM 2554 635 .14 .02 -03  -27 41 -14 41 o
WCSTPE  6.67 558 -41* .29 19 19 41 -.30 .05 .05 o
WCSTCC 442 124 .07 -.36 -12 07 -14  -07 .07 -11 -50 o
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Note. YBOCS=Yale-Brown Obsessive-Compulsive Scale; BDI=Beck Depression Inventory; BARS= Brief Ataxia Rating Scale;
VCl=Verbal Comprehension Index; PRI = Perceptual Reasoning Index; RCFTIMM = Rey Complex Figure Test Immediate Recall;
WCSTPE = Wisconsin Card Sorting Test Perseverative Errors; WCSTCC = Wisconsin Card Sorting Test Categories Complete
*p<.05 **p<.01 ***p<.001
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TABLE 5

Kendall’s Tau b Correlational Results for SH Group

M SD IQ CREA YBOCS BDI BARS VCI PRI RCFT WCST WCST
IMM PE CC
IQ 95.92 12.70
Creativity  12.92 9.37 21 L
YBOCS 925 256 .13 22 o
BDI 10.25 555 .46 .00 -.02
BARS 492 207 10 -.23 -617  -10
VCI 9592 1146 .71 26 26 -26  -.10 L
PRI 10050 12.33 617 19 24  -16 -08 66
RCFTIMM 2208 874 55 17 16  -05 .06 617 53 L
WCSTPE 917 862 -24 -.07 .03 10 .17 .03 -.06 .03 o
WCSTCC 383 164 .26 A1 -.02 06 -.23 19 37 22 - 747 L
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Note. YBOCS=Yale-Brown Obsessive-Compulsive Scale; BDI=Beck Depression Inventory; BARS= Brief Ataxia Rating Scale;
VCl=Verbal Comprehension Index; PRI = Perceptual Reasoning Index; RCFTIMM = Rey Complex Figure Test Immediate Recall;
WCSTPE = Wisconsin Card Sorting Test Perseverative Errors; WCSTCC = Wisconsin Card Sorting Test Categories Complete*p<.05

**n<,01 ***p<.001
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