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Abstract

Background: The metabolic syndrome (MetS) is a cluster of biological parameters that have
been identified as significant risk factors in the development of cardiovascular disease. The
relevance of MetS to the psychiatric population has been demonstrated in that having severe
mental illness (SMI) itself and also being prescribed antipsychotic medications contribute to the
development of MetS. A review of published investigations of non-geriatric general
populations suggested that memory, executive functioning, processing speed, and general
intellect may be affected by having MetS, with specific MetS factors appearing to correlate with
domain-specific cognitive changes. However, the non-geriatric studies tended to sample older
populations and thus remain limited with respect to generalization to children, adolescents and

young adults.

This study is an exploration of the relationship between MetS and cognitive functioning in a
younger population with a psychotic illness. Based on a review of the literature, we
hypothesized that individuals with a psychotic illness and meeting criteria for a diagnosis of
MetS would have increased cognitive dysfunction in one or more domains, in addition to the
effects of having a psychotic illness alone. Additionally, we expected impairment in glucose
regulation to be associated with impairment of attention and processing speed, and obesity to

be associated with impairments in attention, working memory, and visuospatial skills.

Methods: Individuals presenting with early psychosis (having less than one year of treatment)

to the Edmonton Early Psychosis Intervention Clinic in Edmonton, Alberta were assessed with



the MATRICS Consensus Cognitive Battery (MCCB). Clinical assessment also included an
evaluation of the factors of MetS as defined by the National Cholesterol Education Programs
Adult Treatment Panel lll (NCEP-ATP IIl) criteria. Following an exploratory analysis, linear
regression analysis was used to identify possible significant relationships between discrete

markers of MetS, such as fasting blood glucose, and specific cognitive domains.

Results: As only two individuals met criteria for MetS, we moved to analysis of discrete markers
of MetS and specific cognitive assessments. Fasting blood glucose levels were positively
associated with spatial working memory (Wechsler Memory Scale-lll: Spatial Span) (B = 0.33; t=
2.36; p =0.02), recall of figures (Brief Visuospatial Memory Test - Revised) (B = 0.30; t =2.15; p =
0.04), and a measure of reasoning and problem solving (Neuropsychological Assessment
Battery ®: Mazes) (B =0.34; t = 2.41; p = 0.02). Covariates, such as occupational status,
socioeconomic status, years of education, cannabis use, and medication effects did not appear

to exert any significant effect on these relationships.

Discussion: This analysis demonstrated that fasting blood glucose values were generally within
the normal range in this young sample of individuals suffering a first episode of psychosis, and
not associated with measures of sustained attention or processing speed. Fasting blood
glucose values were, however, directly associated with performance on several non-verbal
tasks sensitive to spatial working memory, learning and memory of designs, and executive skills
related to reasoning and problem solving with spatial materials. This relationship was not
predicted, but the consistency across non-verbal instruments suggests a potentially reliable

effect that may implicate relatively circumscribed cerebral effects of glucose in relation to



relevant neuroanatomy, and to the shifting pattern of cerebral blood flow during cognitive
tasks. Although provocative, replication will be necessary to gain confidence in the stability of
this result and the validity of inferences regarding potential mechanisms that might underlie

this association.
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1. Introduction

Metabolic syndrome (MetS) is a grouping of medical conditions that are cardiovascular risk
factors. These include obesity, lipid metabolism abnormalities (decreased serum high-density
lipoprotein (HDL) cholesterol levels or elevated serum triglyceride levels), hypertension (HTN),
and insulin resistance. In individuals with severe mental illness (SMI), such as schizophrenia and
bipolar disorder, MetS is one of the leading contributors to increased mortality and morbidity.
For individuals with schizophrenia, the risk of cardiovascular disease is two to three times
higher when compared to the general population, with subsequent disparities in accessing
appropriate health care (De Hert et al., 2011). As such, characterising this morbidity is
important to the management of individuals with SMI, as early interventions may have positive

implications over the course of illness.

MetS has been defined in several ways over the years; the most common definitions include
the ones provided by the National Cholesterol Education Programs Adult Treatment Panel IlI
(NCEP-ATP 1ll) (2002), and the International Diabetes Foundation (IDF) in 2005 and 2007, with
harmonised criteria being proposed in 2009 (Alberti et al., 2005; Alberti et al., 2009; Zimmet et
al., 2007). Regardless of the specific definition, MetS has long been associated with SMI
through not entirely independent connections - due to the use of antipsychotic medications
and due to having SMl itself. Individually, medication, and especially the atypical
antipsychotics, has been linked to weight gain, and this in turn may lead to insulin resistance
and dysglycemia (Newcomer, 2005). A recent 2014 study showed that both typical and atypical

antipsychotics are associated with weight gain, and the latter also seemed to have a positive



relationship with duration of medication exposure (Bak et al., 2014). Another 2014 study
suggested that obesity itself was related to SMI, and that other factors of MetS appear to be

related to medication use (Correll et al., 2014).

One of the factors that appears to affect the medical care of individuals with SMI is that even at
the time of presentation, individuals with SMI can have cognitive deficits up to three standard
deviations below that of the general population (Addington et al., 2003; Bilder et al., 2000;
Fitzgerald et al., 2004). To understand that statistic, it is important to appreciate the concept of
cognition. This concept dates back over twenty-four centuries and has continued to evolve
with increased investigation and understanding of the functioning of the human brain. The
DSM-5 (2013) describes several cognitive domains: language, learning and memory, perceptual-
motor function, executive function, complex attention, and social cognition. Various cognitive
assessment batteries have been developed to investigate cognitive functioning in individuals
with SMI such as the MATRICS Consensus Cognitive Battery (MCCB) which investigates the
following domains: information processing, attention/vigilance, working memory, learning and
memory, reasoning and problem solving, and social cognition (Green and Nuechterlein, 2004;
Kern et al., 2008; Nuechterlein et al., 2008). A more in depth description of the domains

follows in Chapter 2.

Cognition is a complex set of processes and our understanding of them continues to evolve. It
has been suggested that the cognitive deficits experienced by individuals with SMI may be
related independently both to having SMI and to MetS, with a number of studies suggesting

that individuals with SMI and MetS have diminished cognitive performance compared to



individuals with MetS alone (Friedman et al., 2010; Li et al., 2014; Lindenmayer et al., 2012;
Morgan et al., 2014; Nasrallah, 2010). This study reported herein can be thought of as an

investigation of three main relationships: MetS and SMI, SMI and cognitive functioning, and
MetS and cognitive functioning, with the goal of trying to understand the interplay of these

three ideas in a young person with SMI.



2. Cognitive domains assessed in the MCCB

This chapter reviews commonly described cognitive domains, as referred to in the DSM-5 and
MCCB, and also reviews the assessments in the MCCB. For each domain, a summary of what is

included in terms of tasks, as well as appropriate neuroanatomical correlates are discussed.

Information Processing
Language processing is the set of activities having to do with communication and is often
considered a fundamental area of cognition. It involves both auditory and visual aspects,

including activities such as hearing, reading, speaking, writing, and comprehension.

Anatomically, the two main areas of interest are Broca’s area and Wernicke’s area (typically in
the left cerebral hemisphere), which are responsible for speech production and language
comprehension, respectively. There are neural pathways interconnecting these regions as well
as to the occipital, sensory, and motor regions of the cortex. The left hemispheric processes
also include some visual processing capabilities to support reading and object recognition

(Corballis, 2003).

Visuospatial processing is the method by which information and comprehension are obtained
from visual stimuli. One example of this is the construction of a three-dimensional experience
when given the fact that the human eye captures two-dimensional data. Other examples may
include the detection of similarities and differences between images and line orientation.
Visuospatial processes appear to preferentially occur in the right cerebral hemisphere (Corballis

et al., 1999, 2002).



Another aspect is that of processing speed - a measure of how fast a person can accommodate
new information, understand it and make decisions. Processing speed is involved in all higher
cognitive functions, including learning, memory, and executive skills, and is reflective of the
interconnectivity between regions of the cortex. The natural course appears to be of
processing speed declining with age, which may be a result of deteriorating neural structures
and connections (white matter) and loss of grey matter volume, and may show regional
specificity (Hong et al., 2015). Myelination supports improved processing speed as part of
neural development, and this continues into adulthood (Chevalier et al., 2015; Magistro et al.,

2015; O'Muircheartaigh et al., 2014).

Attention/Vigilance

Attention and vigilance can be summarised as the ability to focus on one stimulus while
consciously attempting to ignore others. Different types of attention have been described
including focused, sustained (or vigilance), selective, alternating, and divided (Cabeza and
Nyberg, 2000). Focused attention relates to the ability to respond discretely to a specific
stimulus. Sustained attention describes how one is able to maintain a consistent behavioural
response during a continuous and repetitive activity. Selective attention is the ability to attend
to one stimulus in the presence of distracting or competing stimuli. Alternating attention
describes how an individual can shift attention between tasks requiring different cognitive
requirements. Divided attention is the ability to respond simultaneously to multiple task
demands; this is sometimes considered the highest level of attention. Uttal (2011) compiled a
table of 46 components and types of attention described by various authors, demonstrating the

variability of definitions used throughout the literature.



Attention can be a difficult quality to measure, as it is a very intrapersonal process, and
inferences about one’s attention abilities are often derived from behavioural results. Changes
in attention, however, can occur without any noticeable external signs. The evaluation of
attention can often overlap with evaluation of “working memory” and the interactions between
the two can be quite complex (Awh et al., 2006). In 1890, William James stated that attention
is necessary for consciousness, and “implies withdrawal from some things in order to deal
effectively with others...,” and is opposite to being “in the confused, dazed, scatterbrained

state.”(James, 1950)

In considering the neuroanatomy involved, one should consider two perspectives - a bottom up
perspective starting with the sensory modality and associated structures, and a top down
perspective that uses frontal lobe processes to inhibit and select stimulus monitoring.
Greisbecht et al. (2006) examined the process by which visual attention seemed to proceed.
They suggested, based on several works by Posner and various colleagues that the parietal lobe
and temporoparietal junction were responsible for being able to disengage from one source,
that the superior colliculus and related midbrain structures were responsible for the shifting,
and that the thalamus was responsible for engaging the new stimulus (Posner et al., 1982;
Posner et al., 1987; Posner et al., 1984). This speaks to the idea that this process may be better
described through the idea of interacting neural networks such as described by Koziol et al.
(2014). They describe two interacting networks (out of seven described in the article) with
respect to attention - the dorsal attention network and the ventral attention network. The
ventral attention network appears to be related to object salience, and the dorsal attention

network related to the shifting functions. A third network, the frontoparietal network, includes



the dorsolateral prefrontal cortex, the anterior cingulate cortex, the anterior prefrontal cortex,
the lateral cerebellum, the anterior insula, the caudate nucleus, and the inferior parietal lobe.
This network has a role in both effortful focus and in automatic adjustments made outside of
conscious awareness for both spatial and non-spatial attention (Corbetta et al., 2000; Hopfinger

et al., 2000).

Working Memory

Working memory is where items from sensory memory can be held if attention is paid to them.
It is often equated with “short-term” memory, although some will describe working memory as
a special type of short-term memory. The duration of persistence is usually considered to be
within the scale of minutes and generally consists of managing five to nine discrete items
(Brown, 1964). Furthermore, it can be divided based on the type of information being stored,
leading to verbal vs. non-verbal working memory. Maintenance of items in working memory
requires sustained attention when the sensory stimulus is removed. While in this stage of
memory, stored items can be manipulated, hence the term “working memory.” These
manipulations draw on processes from other domains such as reasoning and problem solving.
It is likely that working memory is made up of several subsystems and not just short-term

memory.

That working memory is not simply a single system is apparent when considering the
neurological structures involved. Lesion studies have shown that temporal cortex lesions can
lead to impairment in visual working memory (but not spatial working memory) and the

opposite impairment with a parietal lesion (Owen et al., 1996; Pisella et al., 2004). Lateral



temporal lobe and temporoparietal lesions result in impaired verbal working memory, and
correlate with findings from functional MRI studies (Binder and Desai, 2011; Crosson et al.,
1999). As well, Crosson et al. (1999) suggested that there may be further anatomical
separation based on whether the information is semantic, phonological or orthographic. It has
also been shown that specific types of stimulus appear to correlate to specific structural regions
(e.g. facial stimuli with the fusiform gyrus and scenes with the parahippocampus) (Ranganath et
al., 2004). The regions involved may best be described as a network that involves the
prefrontal cortex, temporal cortex and the parietal cortex with extensions into the
somatosensory cortex and occipital cortex. Working memory also appears to have some
lateralization in that the left ventral prefrontal cortex appears to be more involved with verbal
tasks, and the right dorsal prefrontal cortex appears to have a role in spatial working memory

tasks (Eriksson et al., 2015).

Learning and Memory

Learning and memory are two closely related concepts: “learning” can be described as the
acquisition and encoding of new information and “memory” relates to the process by which
this information is stored and retrieved. These domains can be further subdivided by content

type (verbal versus visuospatial).

Memory can also be divided in a longitudinal sense: sensory, working/short-term (described
above), and long-term. Sensory memory is a type of memory, originally described by George
Sperling and termed by Ulric Neisser as “iconic memory,” for a visual stimulus presented for a

split second (Di Lollo, 1977). In Neisser’s study, participants were flashed a grid of nine letters



and asked to recall one of the three rows immediately after. This demonstrated that the entire
grid was held in memory for a short period of time. Similar experiments demonstrated a similar
effect with sounds, which is referred to as “echoic memory” (Ardila et al., 1986; Gardiner, 1983;
Kubovy and Howard, 1976). It has been postulated that the role of sensory memory is as a

temporary holding stage until higher order memory processes can be applied (Huggins, 1975).

Long-term memory includes both recent and older facts, with older facts being more
consolidated. Classically it consists of three phases: encoding, storing, and retrieving. Encoding
is the process by which “meaning” is assigned to a concept, where other concepts can be used
to index the idea being encoded. These other concepts are usually already resident in long-
term memory and can be helpful to retrieve the concept being encoded. Storage is the
consolidation of the memory, a step necessary to prevent loss of the memory. Consolidated
memories are closely related to the idea of knowledge. The process of consolidation is affected
by rapid-eye movement (REM) sleep, emotional states, and also by repetition and review
(Squire, 2009). Retrieving memories is accomplished by the use of the indices and brings the

concept into working memory where it can be manipulated.

Long-term memory can be subdivided into declarative and non-declarative memory.
Declarative (or explicit) memory describes those memories that are related to events and facts
and are usually available to consciousness. The details of these memories may have to do with
biographical events (episodic), or simply words and ideas (semantic). Non-declarative (or
implicit) memory includes procedural memories (i.e., skills such as riding a bicycle) and

conditioned reflexes or emotions (Dubuc, 2002). These memories may not be available to



consciousness. It is possible to have deficits in one type of memory without the other type

being affected (Okano et al., 2000).

The process of learning involves many neural circuits, beginning with sensory input (parietal
and occipital regions), interpretation (frontal regions), the creation of associations (frontal
temporal, and parietal regions), and finally the formation of the “memory.” Traditionally,
declarative memory (both semantic and episodic) appears to be most related to the
hippocampus and other parts of the medial temporal lobe (Dubuc, 2002; Okano et al., 2000;
Squire, 2009). Non-declarative memory appears to be integrated at various structural levels
(reflex pathways, striatum, cerebellum, amygdala, and neocortex) although the hippocampus
may play a role here as well, with respect to the initial consolidation of the memory (Dubuc,

2002; Okano et al., 2000; Squire, 2009).

Consolidation of memory occurs at two levels - a cellular level and a more “systems” level
(involving synapses and circuits) (Dubuc, 2002). It appears to initially begin with hippocampal,
striatal and cerebellar involvement when the episode occurs. The episode may then be
consolidated during various phases of sleep involving the hippocampus, and is distributed over
a number of cortical regions including the prefrontal cortex, the parietal cortex, and the
neocortex (Dubuc, 2002; Squire, 2009). Consolidation may occur over a matter of days, with
necessary repetitions (via neuronal reactivations in the relevant regions) taking place. At the
cellular level, the neuron undergoes changes brought on by gene transcription and protein

synthesis associated with the structural arrangement of the neuronal circuit and “transmission
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efficacy of the synapse” (Dubuc, 2002; Okano et al., 2000). Over time, the role of the

hippocampus appears to decline once the memory is consolidated (Squire, 2009).

Problem Solving and Reasoning

Problem solving and reasoning are processes that are part of a larger group of activities
referred to as “executive functions” and are higher level cognitive skills. These processes are
used to control and coordinate the above mentioned other cognitive processes, and may be
subdivided into two domains: organizational and regulatory. Organizational processes include
attention, planning, sequencing, problem solving, flexibility, and abstract thinking. Regulatory
processes include both initiation and inhibition of behaviours and emotions. This type of
activity also includes the monitoring of internal and external states, moral reasoning and

decision making.

Studies involving individuals with brain injury have correlated executive dysfunction with the
orbitofrontal cortex, prefrontal cortex, basal ganglia, and thalamus. The specific type of task
appears to involve slightly different regions - for example, “object characteristic tasks”
appeared to involve the whole brain (as measured by increased alpha activity), whereas a
“name invention task” showed increased activity in the frontal lobes and decreased activity in
the occipital lobe (Fink et al., 2009). Even within the prefrontal cortex, there appears to be
some separation of function, with the dorsolateral prefrontal cortex being associated with the
more cognitive aspects involved in executive functioning (including reasoning and problem
solving) (Robinson et al., 2014). Other recent research appears to demonstrate that neural

circuits appear to mediate the various executive processes. Stuss (2011) described several
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relevant circuits including the lateral/medial/orbitofrontal circuit, associated with behavioural
and emotional self-regulation, and a dorsolateral circuit, including the dorsolateral prefrontal
cortex and connections to the caudate, associated with monitoring (right sided circuit) and task
setting (left sided circuit). He also suggested that for each frontal cortical functional region,
there was a corresponding basal ganglia area and a thalamic area - suggesting that there is

some separation of these circuits.

Description of assessments within the MCCB

The MCCB is a standardised battery used to evaluate cognitive performance in adults with
schizophrenia and was developed by the National Institute of Mental Health (NIMH) with
participation from the Food and Drug Administration (FDA). The MCCB sub-tests were selected
based on the following identified requirements: sensitive, having a short testing time, and
suitable for retesting. The MCCB takes approximately 75-90 minutes to administer (Keefe et al.,
2011). These qualities were identified as being relevant to help answer the question of
whether or not pharmacological and/or cognitive interventions can improve cognitive outcome
in individuals with schizophrenia. The following domains are measured with the MCCB: speed
of processing (BACS: Symbol Coding, Category Fluency: Animal Naming, Trail Making Test: Part
A); attention/vigilance (CPT-IP); working memory (WMS®-IlI: Spatial Span; Letter-Number
Span); verbal learning (HVLT-R™); visual learning (BVMT-R™); reasoning and problem solving
(NAB®: Mazes); and social cognition (MSCEIT™: Managing Emotions). The battery as a whole
appears to be minimally affected by the clinical symptoms type (positive versus negative
symptoms) and severity, but demonstrates a relatively high level of domain inter-correlation,

suggesting the selected measures may not be “construct pure” (August et al., 2012). Green et

12



al. (2014) suggested that the battery continues to satisfy the design qualities and appears to be
sensitive to showing improvements from interventions (including cognitive training), tracking
with key biomarkers, and maintaining high test-retest reliability. Practice effects also appear to
be minimal with this particular battery, in part due to a number of the assessments having
multiple forms being available. This minimization of practice effects suggests that when
changes are noted, that they can be attributed to other factors (Keefe et al., 2011; Roseberry

and Kristian Hill, 2014).

The MCCB includes three tests sensitive to processing speed. From the Brief Assessment of
Cognition in Schizophrenia (BACS) battery, the Symbol-Coding task requires the participant to
place a corresponding digit below a nonsensical symbol using a reference key (Keefe, 1999).
This task is timed, and is primarily a measure of processing speed. It is also influenced by
working memory and attention, and can show some practice effects (Keefe et al., 2004). The
Category Fluency: Animal naming task is a test where the participant is asked to name as many
animals as they can within 1 minute. Although it is primarily a test of processing speed,
performance on this task can be affected by language abilities and age (especially in geriatric
populations) (Spreen, 1998). The Trail Making Test: Part A (TMT-A) (U.S. War Department,
1944) is a timed test where the participant is asked to draw a line between consecutively
numbered circles that are placed randomly on a sheet. It is primarily a measure of processing
speed, but is also influenced by mental flexibility, motor speed, and visual search and scanning

skills (Tombaugh, 2004).
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The MCCB also includes a computer-administered test of sustained attention denoted the
Continuous Performance Test - Identical Pairs (CPT-IP) (Beck et al., 1956; Cornblatt et al., 1988).
In this assessment, stimuli are flashed on the screen and the participant has to indicate if two
successive stimuli are identical. Kahn et al. (2012) suggested that this assessment had good
test-retest reliability, with mild practice effects. Furthermore, they also suggested that there
were high correlations between this test of attention, and tasks of verbal memory, digit

sequencing, and symbol coding from the BACS.

The MCCB tests of working memory include the Wechsler Memory Scale Spatial Span Test and
the Letter-Number Sequencing Test (LNS) (WMS-III, Wechsler, 1997). The WMS-IIl Spatial Span
is a measure of non-verbal working memory that uses a board having 10 irregularly spaced
cubes. The participant has to tap the cubes in the same or reverse order as the assessor. It has
been shown to be modestly correlated with visuospatial perception and processing speed, but
does not appear to be entirely related to the LNS test (Wilde and Strauss, 2002). The LNS test is
a measure of verbal working memory, in which the participant has to mentally reorder a string
of letters and numbers and repeat it back to the assessor. This is an oral assessment.
Performance on this test has been correlated with performance on the Continuous

Performance Test, and assessments of verbal fluency, and reasoning (Murtagh et al., 2010).

The Hopkins Verbal Learning Test - Revised (HVLT-R) is an orally administered test in which a list
of 12 words from three categories are presented, and the participant is instructed to recall as
many words as possible after three learning trials (Brandt and Benedict, 2001). It is a test of

verbal learning and memory, but correlated only weakly with general intelligence (Shapiro et
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al., 1999). While similar to other tests of verbal learning, it has six alternate forms to reduce

practice effects from repeated testing (Nuechterlein et al., 2008; Shapiro et al., 1999).

The assessment for visual learning is the Brief Visuospatial Memory Test — Revised (BVMT-R)
(Benedict, 1997). In this assessment, the participant is shown an array of six figures for 10
seconds, and is then asked to reproduce as many of the figures as they can recall in their
correct location on the answer sheet. This is repeated for a total of three trials. A fourth recall
trial without presentation of the figures is administered approximately 25 minutes later as a
measure of delayed recall. Similar to the HVLT-R above, the BVMT-R also has six alternate
forms to reduce practice effects from repeated testing. In a group of older (aged 50 — 91 years)
but otherwise healthy adults, it was observed that BVMT-R performance appeared to be
predicted by a measure of processing speed, but not with a measure of executive function (Tam

and Schmitter-Edgecombe, 2013).

The Neuropsychological Assessment Battery (NAB®): Mazes task serves as a measure of
reasoning and problem solving, which are aspects of executive functioning (White and Stern,
2003). It consists of a series of 7 paper-and-pencil mazes of increasing difficulty. The solving of
the mazes is timed and requires foresight and planning. There are 2 alternate forms available
for this assessment to reduce practice effects from repeated testing. In comparison to other
tests of executive functioning such as the Stroop test, and the Wisconsin Card Sorting Test,
NAB®: Mazes was found to be comparable in terms of sensitivity in a small group of individuals
with early-onset schizophrenia (age range 12 to 18 years), although the Stroop test was felt to

be the most sensitive measure and authors also noted that the Wisconsin Card Sorting Test was
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the more widely used of the three (Holmen et al., 2012). Unlike the other two, NAB®: Mazes
appeared to key in on the planning role of executive functioning, and therefore caution may be
required in interpreting results as it may be possible to have some preserved functioning in the
other aspects — purposive action/inhibition, and effective purpose (Burgess et al., 1998;

Scarpina and Tagini, 2017).

Lastly, the Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT™): Managing Emotion is
a paper-and-pencil multiple choice assessment that is meant to assess how individuals manage
their own emotions, such as knowing how to calm oneself down when angry or upset (self-
regulation), or to be able to empathize with and help another person regulate their emotions.

This particular assessment was not used in the study described in Chapter 4.

This chapter is not meant to be an exhaustive exploration of each of these cognitive domains,
but serves to allow one to appreciate the complexity in evaluating cognition and to understand
the various factors that can affect it. Our understanding of cognition continues to evolve as we
are better able to appreciate the intricacy of the human brain. The next chapter presents a
review of the literature with respect to the following relationships: MetS and SMI, SMI and
cognitive functioning, and MetS and cognitive functioning, with much of the focus on the latter.
Chapter 4 is a study that analyzes the data available from an early psychosis intervention clinic

with respect to MetS and cognitive functioning in this young population with SMI.

16



3. “Examining the relationships between metabolic syndrome, cognitive

dysfunction, and severe mental illness - a literature review.”

Manuscript Title

Examining the relationships between metabolic syndrome, cognitive dysfunction, and severe

mental illness - a literature review.

Authors

Sudhakar Sivapalan, M.D., FRCPC*®, Scot E. Purdon*, Ph.D.*"¢, and Katherine J. Aitchison**, B.A

(Hons), B.M. B.Ch., Ph.D., FRCPsych®"*

“Department of Psychiatry, University of Alberta, Edmonton, Alberta, Canada;

b Edmonton Early Psychosis Intervention Clinic, Edmonton, Alberta, Canada;

° Alberta Hospital Edmonton Neuropsychology, Edmonton, Alberta, Canada
dDepartment of Medical Genetics, University of Alberta, Edmonton, Alberta Canada;
“Joint senior authors

# Corresponding Author:

Professor Katherine J. Aitchison, BA(Hons), MA(Oxon), BM BCh, PhD, FRCPsych
Psychiatry Research Offices

Katz Group Center for Pharmacy and Health Research, University of Alberta
Edmonton, Alberta, Canada T6G 2E1

Tel: 780.492.4018

Fax: 780.492.7789

kaitchis@ualberta.ca

17



Abstract

There are many factors that contribute to the development of cognitive dysfunction.
Dyslipidemia, hypo- and hyperglycemia, obesity, and hypertension are a few of the factors that
are individually associated with cognitive dysfunction. Elements of these together also form the
criteria for metabolic syndrome (MetS). MetS is present in about 24% of the general
population, and its prevalence increases with age. It is directly associated with an increased risk
of developing cardiovascular disease and diabetes, both of which in turn again impact cognitive
function. The relevance of MetS to the psychiatric population has also been established,
especially amongst those being treated with antipsychotic medications. However, more recent
studies seem to indicate that simply having severe mental illness (SMI) may also put one at
increased risk of developing MetS. Given this association, it is important to consider the
cognitive impact on these individuals. Executive functioning, attention and memory have been
implicated as affected areas of cognitive functioning, and are predominantly linked to the
development of obesity and insulin resistance. Deficits in cognition affect the ability of the
individual to maintain their own mental well-being. Individuals presenting with SMI are usually
relatively young, and these complications are life-long, leading to increased mortality and
morbidity. This article reviews the literature examining the relationships between metabolic

syndrome, cognitive dysfunction, and severe mental illness.

Keywords: Cognition; metabolic syndrome; insulin resistance; obesity; severe mental disorders.
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Introduction

Cardiovascular risk factors are one of the leading causes of mortality and morbidity in the
general population, with ever increasing prevalence rates amongst adults. These risk factors
include obesity, diabetes and insulin resistance, dyslipidemia, and hypertension, and together
are often referred to as the metabolic syndrome (MetS) (Alberti et al., 2009). Analysis of data
from the Canadian Health Measures Survey (CHMS) from 2007 to 2009 showed a prevalence of
metabolic syndrome of 18.31% across all ages (Setayeshgar et al., 2012). Between 1998 and
2012, analysis of data from the National Health and Nutrition Examination Survey (NHANES)
showed an overall increase in the prevalence of MetS amongst American adults, rising from
25.3% to 34.2% (Moore et al., 2017). Furthermore, the relative risk and resulting mortality and
morbidity due to MetS appear to vary with demographic aspects such as age and gender. It
may also not be surprising to find that MetS contributes to the increased mortality and
morbidity in individuals with severe mental illness (SMI) (Toalson et al., 2004). These
cardiovascular risk factors have also been associated with cognitive dysfunction in a number of
populations including those with mental illness (Elias et al., 1997). Relatively few investigations,
however, have examined potential relationships between these cardiovascular risk factors and
changes in cognitive functioning in individuals with SMI. This paper is a literature review that
discusses the relevant background and examines recent literature looking at the following three
relationships: MetS and SMI, MetS and cognitive dysfunction, and SMI and cognitive
dysfunction. Understanding these changes in cognitive functioning is important since early
interventions for both SMI and MetS may improve long-term outcomes in terms of morbidity

and mortality.
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Metabolic Syndrome

Metabolic syndrome is a group of medical conditions that include obesity, lipid metabolism
abnormalities, hypertension, and insulin resistance. Prevalence rates of MetS have been
reported to be between 3.9% and 15.9% in populations of individuals presenting with early
psychosis (De Hert et al., 2006; Mitchell et al., 2013; Papanastasiou, 2013; Vancampfort et al.,
2013). Of note, the prevalence of MetS amongst adolescents in the Canadian general
population has been reported as between 3.5% to 8% (Rao et al., 2014; Riediger and Clara,
2011; Setayeshgar et al., 2012). The variance in these ranges may be partly due to differences
in the cut-off criteria for defining the presence of MetS (Table 1) proposed by the National
Cholesterol Education Program’s Adult Treatment Panel 1l (NCEP-ATP IIl) (2002), and by the
International Diabetes Foundation (IDF) (Alberti et al., 2005; Zimmet et al., 2007), with
harmonised criteria being proposed in a joint statement (Alberti et al., 2009). The IDF also
presented criteria for children and adolescents, stating that for those over 16 years of age,

adult criteria should be used (Zimmet et al., 2007).

One thought is that the development of insulin resistance underlies all aspects of MetS (Alberti
and Zimmet, 1998; Toalson et al., 2004), with another consideration being that central obesity
leads to insulin resistance and the rest of MetS (Eckel et al., 2010). In recent pediatric studies,
insulin resistance was also felt to be the main factor underlying obesity and MetS (Higgins and
Adeli, 2017; Nelson and Bremer, 2010). In either case, it is suggested that insulin resistance
promotes increased lipolysis, resulting in increased availability of free fatty acids. In the liver
these fatty acids are synthesized into triglycerides and very low density lipoproteins. This in
turn lowers high density lipoprotein levels. It is also postulated that insulin resistance results in
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a decreased ability for vessels to dilate, resulting in elevated blood pressure. The connection
between obesity and insulin resistance has been widely accepted, with previous evidence that
weight loss often reduces insulin resistance. Methods of weight loss include dieting, the use of
weight loss drugs, and bariatric surgery (Eckel et al., 2010; Grundy et al., 2005; Lavie et al.,

2009).

Cognitive Domains of Relevance in Psychiatry

The concept of cognition has been a subject of interest for over 24 centuries, from the time of
the early Greek philosophers to now. Over the years, great thinkers including Aristotle,
Leonardo Da Vinci, John Locke, and Immanuel Kant have all described the idea of “cognition.”
In parallel, increased investigation of the human brain also took place. Thomas Willis (1621 —
1675) theorised that “higher” neurological structures were responsible for more complex
processes, and the lower structures, which paralleled structures in lower animals, were
responsible for more primitive processes such as reactions and autonomic functions. Through
the 19 century, further work by individuals such as John Harlow, Pierre Paul Broca, Carl
Wernicke, Korbinian Brodmann, William Beecher Scoville, and Santiago Ramon Y Cajal, often
involving case reviews of patients with relatively discrete cerebral lesions such as Phineas Gage,
Louis Victor Leborgne, and Henry Molaison, helped to localise function to specific regions and

networks of neural circuits (Thiebaut de Schotten et al., 2015; Yuste, 2015).

Modern neuropsychology considers cognitive functioning as occurring within domains. Many
of these domains can overlap, and also be further subdivided. DSM 5 (2013) proposed six key

neurocognitive domains and a number of sub-domains (Figure 1).
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A paradigm that is relevant to psychosis was defined as part of the development of the
MATRICS Consensus Cognitive Battery (MCCB) and includes assessment in the domains shown

in Figure 2 (Nuechterlein et al., 2004; Nuechterlein et al., 2008).

Like the domain of “Learning and Memory”, the other domains can also be further divided into
verbal and visuospatial/non-verbal sub-domains. This separation may be important to consider
as it may correlate with lateralization of functioning (from a neuroanatomical perspective)
(Caeyenberghs and Leemans, 2014; Nagel et al., 2013; Robinson et al., 2014; Thiebaut de

Schotten et al., 2011).

Other domains to be considered in the cognitive evaluation of an individual would include areas
such as motor speed and coordination, motivation, personality, and previous academic
functioning or an estimated premorbid intelligence. These domains can influence the
performance and the interpretation of the results from assessments designed to test cognitive
functioning. It should also be noted that the various domains are often interrelated, i.e.,
deficits in one cognitive domain will likely impact performance in other domains (Keefe, 1995;

Malik et al., 2017).

Methods

Articles to be included in this review were identified through a number of search strategies
using the PubMed aka MEDLINE (PubMed version) database accessed online through the
University of Alberta Libraries. The initial search strategy consisted of the following string of

MeSH terms:
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("Mental Disorders"[Mesh] AND "Metabolic Syndrome X"[Mesh]) AND

("Cognition"[Mesh] OR "Cognition Disorders"[Mesh])

When restricted to adolescents (13 — 18 years) and adults (19 — 44 years), 28 articles were

returned of which 13 were found to be directly relevant to the topic after review of abstracts.

The following searches were then carried out to retrieve articles that considered the three key

relationships — MetS and Cognition, MetS and SMI, and SMI and Cognition:

"Metabolic Syndrome X"[Mesh] AND ("Cognition"[Mesh] OR "Cognition
Disorders"[Mesh])
"Mental Disorders"[Mesh] AND "Metabolic Syndrome X"[Mesh]

"Mental Disorders"[Mesh] AND ("Cognition"[Mesh] OR "Cognition Disorders"[Mesh])

To ensure a thorough review of the available online literature, further searches were conducted

using other related keywords and keyphrases which included the following:

Metabolic Syndrome X: MetS, Syndrome X, cardiovascular disease, obesity, diabetes,
blood glucose, hypertension, dyslipidemia

Cognition: cognitive dysfunction, neuropsychology, mental processes

Mental Disorders: mental lliness, schizophrenia, psychotic disorders, bipolar disorder
Antipsychotics including drug effects

Substance use including cannabis

Socioeconomic status

23



Articles were accessed through their online sources, and abstracts were reviewed for relevance
of the article to this literature review. Further references were identified through review of the
citations in each article and included where appropriate. Articles needed to be available in
English, and there were no date restrictions. Research dealing with adolescents and younger

adults as defined above were preferentially reviewed where possible.

Results and Discussion

Research looking at how various cardiovascular risk factors may contribute to the development
of dementia has stimulated consideration of similar risk factors in the cognitive functioning of
individuals with a psychotic illness (Friedman et al., 2010; Li et al., 2014; Lindenmayer et al.,
2012; Morgan et al., 2014; Nasrallah, 2010). Individuals with psychosis and MetS, for example,
have been reported to exhibit diminished cognitive functioning compared to those with
psychosis without MetS. Previous studies relied predominantly on patients suffering from
relatively longstanding psychosis, however, and the results are thus open to maturational
factors such as illness progression or prolonged medication exposure that might cloud more
direct attributions of the apparent negative association. There has been very little discussion
about how these factors may play a role early in the course of illness (e.g., in first episode
psychosis (FEP) patients). A recent study suggested that even in a relatively young group (mean
age 30 years), a similar direct association between cognitive deficits and cardiovascular risk may
be present (De Nijs and Pet, 2014); however, there was no discussion regarding the relationship

between the particular factors of MetS and dysfunction in specific cognitive domains.
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It is also unclear as to whether the cognitive changes are a result of developing these risk
factors, or vice versa, or if there are other processes, such as oxidative stress and inflammation
(Martinez-Cengotitabengoa et al., 2012), that contribute to both. C-reactive protein (CRP) is a
traditional and reliable marker of systemic inflammation and has been noted to be elevated in
those with schizophrenia, independent of medication use (Fernandes et al., 2016). Increased
levels of CRP have also been associated with impaired cognitive performance (Johnsen et al.,
2016). When considered along with the role of inflammation in the development of MetS, one
can appreciate the potential role inflammatory processes play in the relationships between
MetS, cognition, and mental illness. Inflammation and other potential factors involved in the
relationship between these three phenomena can be appreciated in Figure 3. We now outline
the topics of the three main relationships: SMI and MetS, cognitive dysfunction and SMI, and

cognitive dysfunction and MetS (and its specific factors).

Severe Mental Illness and Metabolic Syndrome

It has been previously demonstrated that there is a significant association between MetS and
SMI - due to both the use of antipsychotic medications and having SMI itself (American
Diabetes Association, 2004; De Hert et al., 2006; Lorenz, 1922; Raphael and Parsons, 1921),
with several mechanisms being postulated (De Hert et al., 2011; Dickinson and Harvey, 2009;

Hasnain et al., 2010; Toalson et al., 2004).

The prevalence rates of MetS in those with SMI have been estimated in several trials. In the
CATIE Schizophrenia trial, the overall prevalence of MetS was found to be 40.9% using NCEP-

ATP lll criteria (McEvoy et al., 2005). A Canadian study involving 240 subjects with
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schizophrenia or schizoaffective disorder estimated a prevalence of 44.7% (Cohn et al., 2004).
While ethnicity may play role in prevalence rates amongst the general population, it may not
have the same moderating influence amongst individuals with SMI (Bressington et al., 2013). In
a letter to the editor, Bartoli et al. (2013) suggest that prevalence rates for MetS amongst
individuals with bipolar disorder was similar to those with schizophrenia, although a direct age-
matched comparison of the pooled data was unfeasible, and hence, drawing a firm conclusion

was not possible.

The connection between MetS and mental illness may at least partly reflect some shared
aetiology between the two, mediated by inflammatory processes including cytokines and
adipokines (Figure 4). For example, SMI or aspects of SMI have been associated with elevations
in inflammatory markers such as TNF-a, CRP, and various inflammatory cytokines (Taylor et al.,
2012). One suggested mechanism is that elevated circulating levels of adipokines and cytokines
may directly and indirectly alter neuronal development and connectivity, resulting in mental
iliness (Castillo et al., 2016). Psychological and social factors may also play a role given the
negative and neurovegetative symptoms that often accompany SMI, which may increase levels
of inflammation. Many individuals with SMI are in lower socioeconomic classes, and are more
likely to engage in unhealthy lifestyle choices and binge eating resulting in increased obesity
and associated adipokine generation (McElroy, 2009). Additionally, studies have postulated a
link between experiencing childhood trauma leading to developing both SMI and obesity.
Childhood trauma is a known risk factor for obesity with one study showing a 1.4-1.6 fold
increase in obesity and physical inactivity (Felitti et al., 1998; Gustafson and Sarwer, 2004;
Palmisano et al., 2016). Many individuals with psychosis have a history of childhood trauma

26



(Roper et al., 2015) and also demonstrate a higher body mass index and CRP when compared to
healthy controls (Hepgul et al., 2012). Furthermore, it is widely accepted that many
psychotropic medications including antipsychotics are associated with significant weight gain,
even as early as 6 weeks into treatment, with most weight gain within the first 6 months, which
may exacerbate the above effects (Bak et al., 2014; Foley and Morley, 2011). Some of these
connections described above may also be modulated via epigenetic mechanisms which provide
one mechanism for the link between genetic factors and the effects of medication and other

lifestyle factors (Hasnain et al., 2010; Shams and Muller, 2014).

Insulin resistance (whether resulting from having developed obesity or from other aetiology)
has long been associated with schizophrenia and bipolar disorder prior to the availability of
antipsychotic medication (Lorenz, 1922; Raphael and Parsons, 1921). A meta-analysis from
2016 suggests that Type 2 diabetes mellitus is associated with SMI with an increased relative
risk over that of the general population (RR =2.04, 95% Cl: 1.69 — 2.49 for schizophrenia; RR =
1.89, 95% Cl: 1.27 — 2.77 for bipolar disorder; and RR = 1.43, 95% Cl: 0.88 — 2.25 for major
depressive disorder, all compared to the general population), and more significant in multi-
episode subjects than in single episode subjects when respectively compared to population
controls. This appeared to be moderated in part by antipsychotic use. Subjects with SMI
exhibit a higher prevalence of Type 2 diabetes when prescribed antipsychotic medication, and
glucose regulation is negatively affected in a population of patients with schizophrenia and
taking antipsychotics (Correll et al., 2015; Newcomer et al., 2002; Vancampfort et al., 2016).
Diabetes and SMI may in fact have a bidirectional relationship, with the evolution of one
disorder being affected by and affecting the other (Balhara, 2011; Popkin and Colon, 2001).
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When these findings are taken along with the findings that connect obesity and SMI, it is clear
that SMI and MetS are intimately related through a number of mechanisms from

cellular/chemical processes through to psychosocial factors.

Cognitive Dysfunction in Severe Mental Illness

Cognitive dysfunction is an area of significant concern for individuals with SMI, both in active
and stable phases (Corigliano et al., 2014; Keefe and Harvey, 2012; Nuechterlein and Dawson,
1984; Sponheim et al., 2010). Deficiencies in a range of domains including verbal memory,
working memory, motor speed, attention, verbal fluency and executive functions have been
noted (Altshuler et al., 2004; Gonzalez-Blanch et al., 2007; Keefe et al., 2004). Even at the time
of first presentation, performance in the various cognitive domains appears to range from ~0.5
to ~3 standard deviations below the general population (Addington et al., 2003; Bilder et al.,
2000; Fitzgerald et al., 2004), indicating that cognitive impairment may be part of the illness
itself, and, moreover, this may worsen over time (Corigliano et al., 2014; Sponheim et al.,
2010). This deficit also appears to be greater in individuals with schizophrenia when compared
to others with SMI and other diagnoses such as mood disorders (Bora and Pantelis, 2015; Hill et
al., 2004). This difference may reflect the relative level of disorganization that individuals with

psychotic disorders experience compared to patients with other forms of mental illness.

The areas of dysfunction also appear to implicate changes in specific neuroanatomical regions.
Minzenberg et al. (2009) reviewed 41 neuroimaging studies and found that individuals with
schizophrenia showed reduced activation in the dorsolateral prefrontal cortex, the

rostral/dorsal anterior cingulate cortex, the left thalamus, and inferior/posterior cortical area,
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while having increased activity in several midline areas. They noted that there was modest
variability depending on the specific task. Studies of individuals with first episode schizophrenia
have shown reduced grey matter in the left superior temporal gyrus (Kasai et al., 2003; Kuroki
et al., 2006), a region connected with working memory and language processing. Alterations in
grey and white matter may not proceed equally in the various stages of psychosis and vary
based on severity of symptoms (Pettersson-Yeo et al., 2013; Pettersson-Yeo et al., 2014). Grey
matter deficits in the frontal, temporal, cingulate and insular cortex and thalamus have been
described in individuals with schizophrenia, and decreased grey matter in the anterior cingulate
and bilateral insula in individuals with bipolar disorder (Ellison-Wright and Bullmore, 2010).
Such findings appear to correlate with the widespread cognitive dysfunction described above.
This suggests that a disruption in appropriate neuroanatomical development in childhood and
early adolescence may contribute to both the observed cognitive dysfunction and development

of SMI.

Other Factors Affecting Cognitive Performance in SMI

The degree of cognitive impairment has been previously associated with the severity of
negative symptoms and also with comorbid substance use (Addington et al., 2003; Fitzgerald et
al., 2004; McCleery et al., 2006). These findings are not consistent, which may in part be due to
differing methodologies and varying population characteristics (Potvin et al., 2008; Rund et al.,
2004). Notably, several studies have reported that individuals with first-episode psychosis (FEP)
using cannabis at the time of their presentation appeared to perform better on tests of visual
memory, working memory, problem solving and executive functioning (Potvin et al., 2008), with

most studies suggesting that cannabis users may have a higher level of premorbid functioning
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(Cunha et al., 2013; Leeson et al., 2012; Rabin et al., 2011; Yucel et al., 2012). Not all studies
appear to support these conclusions, with some studies finding no significant differences in
overall cognitive performance (Bugra et al., 2013; Scholes and Martin-lverson, 2010).
Investigations of other substances including alcohol have produced even less consistent
findings with respect to cognitive functioning (Donoghue et al., 2012; Pencer and Addington,

2003).

The use of pharmacotherapy has also been associated with mild to moderate benefits in
cognitive functioning, even in the early phases of treatment (Davidson et al., 2009; Goldberg et
al., 2007; Hill et al., 2010; Purdon et al., 2000; Sumiyoshi, 2008). Furthermore, the duration of
untreated illness and of untreated psychosis appear to have little if any relationship to the
degree of cognitive impairment in FEP patients (Lutgens et al., 2014; Rapp et al., 2013; Rund et
al., 2004). The mechanism by which pharmacotherapy may affect cognitive functioning is not
entirely clear, i.e. whether it is the result of symptom reduction, improvement in motivation for
cognitive assessment, or some other methodological factor such as the learning that can be
associated with repeated testing. Weickert et al. (2003) did attempt to address this question
with a small sample of patients using an interesting method where one group was first assessed
while on medication and then after a washout and starting placebo, and the other group was
assessed in the opposite direction. They found that in both groups, individuals did perform
better on cognitive assessments when on medication (p < 0.04) compared to when on placebo;
the medication effect did not, however, appear to be mediated by symptom severity as

indicated by the total PANSS score.
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It has also been noted that the specific medication may not play a significant role in the early
phases, with no between group differences noted on in a study by Gonzalez-Blanch et al. (2008)
looking at differences between risperidone, olanzapine, and haloperidol over an initial 6 week
period of treatment in an FEP clinic. Furthermore, over a two year period, a prior 2002 study
did not find any significant relative benefit of risperidone in comparison to haloperidol (Green
et al., 2002). This is in contrast to another study which appeared to suggest that treatment
with risperidone provided greater cognitive benefits than treatment with haloperidol over a 3-
month period (Harvey et al., 2005). In all cases, there was noted to be a performance
improvement over time for all the medication groups; the noted differences between the
studies may be related to dosing, specific time frame of assessment and/or the relative baseline

characteristics of the populations in the respective studies.

Other demographic factors such as age, gender, years of education, socio-economic status, and
occupational status have also been associated with cognitive performance (Elias et al., 1997;
Farmer et al., 1995; Kaplan et al., 2001), although the direction of effect is not always clear. For
example, in studies of individuals with psychosis, active employment may result from improved
cognitive functioning, and continued improvements in cognitive functioning may result from
being engaged in work or school (Dickerson et al., 2007; McGurk and Mueser, 2004). This
suggests that these factors should be considered as possible confounders when looking at

relationships involving cognition.

31



Cognitive Dysfunction and Metabolic Syndrome

Studies examining the link between cognitive dysfunction and features of the MetS have mainly
focused on middle aged to older members of the general population, and often in the context
of developing dementia as a result of cardiovascular disease (Yates et al., 2012). Several studies
involving non-geriatric general populations revealed that memory, executive functioning,
processing speed, and general intellect were related to symptoms of MetS, with preliminary
results implicating cognitive domain specific effects (Elias et al., 2005; Gatto et al., 2008;
Hassenstab et al., 2010; Pavlik et al., 2005; Segura et al., 2009; Taylor and MacQueen, 2007;
Tournoy et al., 2010; Troisi, 2009; van den Berg et al., 2009; Vieira et al., 2011). The
predominant emphasis of these studies was the role of glucose dysregulation and obesity on
cognition, with a minor emphasis on roles of dyslipidemia and hypertension, and so the focus

here will also remain on the relationships with glucose dysregulation and obesity.

Obesity

Obesity is a growing concern amongst the general population, and has been shown to affect
cognitive functioning (Crichton et al., 2012; Elias et al., 2003). Obesity has been associated with
an increased risk of dementia, with a proposed mechanism being that adiposity promotes a
sub-clinical state of inflammation, which has a deleterious effect on neuronal functioning that
may contribute to cognitive decline and possibly dementia (Taylor and MacQueen, 2007).
Animal and human studies (Farr et al., 2008; Lavie et al., 2009) have implicated direct and
indirect contributions of obesity to glucose dysregulation and dyslipidemia that may also be

relevant to cognitive dysfunction.
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The direct evidence for obesity affecting specific cognitive domains is mixed. A review by van
den Berg et al. (2009) noted that obesity was mostly associated with impairments in cognitive
flexibility, as well as perception and construction. In a relatively youthful (i.e., non-geriatric)
Canadian First Nations population (median age 39 years; range 19 to 65 years), obesity,
measured as either increased BMI or increased waist circumference, was related to diminished
executive functioning, measured by the Trail Making Test - Parts A and B (Fergenbaum et al.,
2009). Gunstad et al. (2006) reported that increased BMI negatively affected verbal memory
across the adult lifespan. In contrast, a subsequent study did not find any association between
obesity and verbal memory, but reported negative associations between obesity (measured as
waist-to-hip ratio) and both executive and visuomotor skills, and noted possible gender-specific
effects (Wolf et al., 2007). From the Framingham heart study, obesity appeared to affect visual

working memory and global cognitive functioning, but in men only (Elias et al., 2005).

A number of studies noted that obesity did not appear to diminish cognitive functioning directly
and at least one study suggested some protective effects of obesity. In the more elderly,
obesity appeared to even reduce the risk of developing dementia. As well, no association was
observed between obesity and cognitive status after adjusting for age and socioeconomic
status (SES). It has been suggested that low SES is a strong positive correlate of obesity, with
lower SES being associated with decreased intake of fruits and vegetables, and increased intake
of foods high in fats (Taylor and MacQueen, 2007). Since low SES also appears to be correlated
with poorer school performance, overall cognitive achievement, and impaired neurological
development, a low SES may provide an additional explanation linking obesity and cognitive
dysfunction (Hair et al., 2015; Noble et al., 2005).
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In children and adolescents, a review by Liang et al. (2014) concluded that obesity had similar
effects in children and adolescents, affecting executive functioning, attention, visuospatial
performance and motor skills. In contrast, a study involving 478 children and adolescents did
not find an association between increased BMI and cognitive functioning (executive
functioning, attention, verbal memory, language, and motor skills) (Gunstad et al., 2008). The
same study noted that underweight females performed more poorly on a test of verbal recall.
In examining brain abnormalities, Yau et al. (2012) reported that obese nondiabetic adolescents
(otherwise meeting criteria for MetS) had reduced hippocampal volumes and compromised
white matter microsctructural integrity, along with lower scores on cognitive measures
(impaired attention and mental flexibility and poorer academic performance) when compared
to a control group of individuals who were not obese and did not meet criteria for MetS. They
suggested that obesity may represent a prediabetic stage (where serum glucose levels are > 6.1
mmol/l and < 7.0 mmol/I), with further impairment resulting from developing compromised
glucose regulation. A review by Yates et al. (2012) noted that most studies of children and
adolescents have reported lower cognitive skills associated with obesity, but there was no
remarkable cognitive-domain specificity to the association aside from preliminary speculation
of greater limitations of attention and executive functions. The authors make note of the
relative paucity of investigations with children and adolescent samples, as well as the significant

variation in assessment methodology and management of relevant covariates.

Dysglycemia
van den Berg et al. (2009) noted that having Type 2 diabetes was associated with impairments

in processing speed and attention. Results were mixed, however, for patients exhibiting
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impaired glucose tolerance (IGT) (fasting glucose level < 7.0 mmol/l and 2hr-glucose level >7.8
and <11.1 mmol/l), with a another review suggesting a direct association between IGT and
memory impairment compared to controls, along with impairment in attention and
psychomotor functioning; they also noted a number of studies that detected only small effect
sizes which were not statistically significant (Lamport et al., 2009). Gluck et al. (2013) reported
that even mildly elevated fasting blood glucose levels in the non-diabetic range, but reflecting
the presence of IGT, were associated with lower scores on the Stroop Color Word task,
suggesting a detrimental effect of glucose elevations on one test of executive skills related to

suppression of lexical interference.

Although relatively few studies have examined associations between non-diabetic range fasting
blood glucose and cognitive skills, several investigations have examined random blood glucose
levels and cognitive performance in healthy adults, with results suggesting potential cognitive
benefits from higher values within the normal range (Meikle et al., 2004; Smith et al., 2011).
Earlier studies of individuals with schizophrenia noted that ingestion of glucose prior to a
cognitive assessment appeared to improve recognition, verbal episodic and spatial memory
(Fucetola et al., 1999; Newcomer et al., 1999). The investigation undertaken by Meikle et al.
(2004) included a glucose loading manipulation that entailed consumption of a drink containing
a placebo, 25g of glucose, or 50g of glucose. On a visual recognition memory search task for
letters presented on a computer screen, glucose loading benefited an older subgroup of this
sample (mean age 38.4 years, SD=6.7 years), but not a younger subgroup (mean age 21.8 years,
SD=3.3 years), and only under relatively high cognitive load demands. Glucose elevations may
thus facilitate some aspects of cognition when an individual may be presumed to have
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experienced age-related decline from a previous higher level of function. In the same study, a
test of delayed verbal recall also demonstrated a benefit of glucose loading, but some
improvement was apparent in both age groups. This glucose supplement study also introduced
a ‘glucose recovery index’ (i.e., classification as good or poor regulators as higher or lower than
the median difference between pre- and post-loading blood glucose levels, respectively), but

they did not observe reliable effects of regulation on cognitive test performance.

A more recent investigation of relatively young adults (mean age 20 years; range 18 to 30 years)
reported beneficial effects of a glucose supplement in individuals with poorer glucose
regulation, with a 25g dose resulting in gains relative to placebo on tests of working memory
(i.e., serial 7s, Corsi block task, immediate verbal recall, delayed verbal recall, and speed of
word recognition), and significant gains from 60g on tests of working memory (i.e., serial 3s,
Corsi block task, and speed of word recognition) (Owen et al., 2012). Noteworthy may be the
lack of significant improvement from 60g ingestion on tests with more significant cognitive load
(i.e., serial 7s, immediate verbal recall, delayed verbal recall). A subsequent investigation by
the same group suggested that a 25g glucose load may preferentially benefit individuals with
poorer glucoregulation when compared to those with better regulation on the more
challenging tasks involving recall performance (Owen et al., 2013). This may be relevant
because the earlier study noted a similar downward trend towards an upside-down U-shaped

dose-response curve in their younger subgroup on a visual search task (Meikle et al., 2004).

The mechanism by which glucose dysregulation affects cognitive performance appears to be

multifactorial. One line of investigation considers that glucose regulation appears to be
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associated with glucocorticoid activity, cholesterol deposition, and alterations in neuronal
activity possibly mediated by idiosyncratic myelin formation and altered signal transduction
(Taylor and MacQueen, 2007). The hippocampus has a high co-localisation of both cortisol and
insulin receptors, so it is reasonable to hypothesize that hippocampal function, and therefore
memory, is affected by both cortisol and insulin activity. Previous animal studies have
demonstrated that increased glucocorticoid levels inhibit the transportation of glucose into
hippocampal neurons and in humans, an injection of cortisol can affect memory (Convit, 2005).
Owen et al. (2013) offered speculation of a potential role for cortisol where cortisol response to
stressors is blunted by the administration of glucose. Individuals whose cognitive functioning

appeared to respond to glucose administration also had a greater cortisol response to stress.

Glucose dysregulation is also associated with other endocrine dysfunctions that can contribute
independently and interdependently to MetS and cognitive dysfunction. For example, in animal
studies, leptin resistance has been considered to be a component of diabetes, but also appears
to have a direct role in the process of learning and memory (Harvey, 2007). And on a
background of insulin resistance being associated with chronic inflammation, Mortby et al.
(2013) proposes that that this linkage may account for the neurodegenerative changes
associated with even only high normal (< 6.1 mmol/L) blood glucose levels in their study

population.

MetS in Younger Individuals
With respect to studies involving younger individuals, Yau et al. (2012) was one of the first

groups to report a relationship between cognitive functioning and MetS in a younger
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population, with young individuals having MetS exhibiting diminished attention, mental
flexibility, and academic achievement. They also noted that cognitive performance was
inversely associated with the number of MetS criteria met, suggesting that there may be a
compounding effect with each additional MetS factor. It should be noted that in this study,
both samples performed within the normal range on the various cognitive measures. Other
studies involving young individuals have examined the relationship between cognitive
functioning and diabetes, obesity, or hypertension (but not MetS) - where cognitive dysfunction
represents a symptom of end organ damage with the end organ of consideration being the
brain (Gunstad et al., 2006; Gunstad et al., 2008; Lande and Kupferman, 2015; Messier et al.,
2011; Naguib et al., 2009; Ohmann et al., 2010; Yates et al., 2012). Again, it is difficult to draw
specific conclusions, given the variation of cognitive domains and metabolic factors being

assessed, and the specific assessments being used.

Strengths and Limitations in the Literature

In general, it is important to note that the various factors making up MetS may have differential
effects, affecting different cognitive domains. There are a large number of studies that have
looked at the relationships between MetS and cognitive functioning, especially in older
individuals and in the general populations, such as in the Framingham Study. More recent
awareness of MetS in the adolescent and young adult population has also generated an interest
in examining the relationships between MetS and cognitive functioning in this population.
Drawing on the conclusions in this literature allows for one to start generating predictive

models to be applied to other more specific populations, such as those being treated for FEP.

38



There are some limitations to note as well. One issue is a lack of consensus on the most
appropriate cognitive domains to assess, and a lack of consensus on the most useful
instruments to assess each relevant domain. In many studies, no premorbid estimates of
intellect are made, making within subject comparisons more difficult to assess. Study design
(cross-sectional versus longitudinal) and the specific population evaluated (in terms of gender,
age group and education) are also not consistent, making it difficult to draw firm conclusions
about some of the relationships with cognition. Nonetheless, the consideration of cognitive
impairment being a sign of organic neuropathology parallels findings in the elderly, where
cardiovascular pathology has been associated with dementia (Crichton et al., 2012; Harrison et
al., 2014; Panza et al., 2010). As well, there are few studies to date looking at the above

relationships with respect to children, adolescents, or young adults.

Conclusions

This review of the literature continues to support the suggestion that developing MetS is
associated with a worsening of cognitive performance, with obesity correlating with
impairments primarily in executive functioning and memory, and dysglycemia with that of
processing speed and memory. When including the additional factor of SMI, individuals appear
to suffer a greater burden of cognitive dysfunction. This suggests that there may be similar

mechanisms at work relating cognitive dysfunction and MetS in patients with SMI.

The interplay of the three phenomena warrants clinical attention. It may well be that several
underlying mechanisms, touched upon in this review, connect SMI, MetS, and cognitive

dysfunction. The interactions may occur on several levels, from genetic and cellular
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mechanisms to psychological and social ones. Understanding these interactions could facilitate
better clinical care including specific preventative measures and targeted clinical interventions.
This is especially relevant to individuals experiencing their first episode of psychosis, as
cognitive impairment can affect patients’ ability to actively engage in and be partners in their
own care and treatment. Early, appropriate and effective interventions for both the psychiatric
and medical symptoms can lead to better outcomes for this population; we recommend further

research on the relationships outlined above for young people with SMI.
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Table 1: Criteria for MetS as proposed by IDF, NCEP-ATP lll, and Harmonised criteria

Criteria*®

IDF

NCEP-ATP Il

Harmonised

Obesity
(measured by
waist
circumference)

Elevated
Trigylcerides
Low HDL

Elevated
Blood
Pressure

Elevated
Fasting
Plasma
Glucose

> 94 cm for Europid men,
> 90 cm for non-Europid
men,

>80 cm for women

> 1.7 mmol/L

or on specific treatment

< 1.03 mmol/L for men,

< 1.29 mmol/L for women,
or on specific treatment

Systolic BP 2 130 mm Hg,
Diastolic BP > 85 mm Hg,
or previously diagnosed
HTN

> 5.6 mmol/L,

or previously diagnosed
Type 2 diabetes

> 102 cm for men,
> 88 cm for women

>1.69 mmol/L

< 1.03 mmol/L for
men,

< 1.29 mmol/L for
women

BP >130/85 mm Hg

> 6.1 mmol/L

> 94 cm for Europid men,
2 90 cm for non-Europid
men,

> 80 cm for women

> 1.7 mmol/L

or on specific treatment
< 1.0 mmol/L for men,

< 1.3 mmol/L for women,
or on specific treatment

Systolic BP 2 130 mm Hg,
Diastolic BP 2 85 mm Hg,
or previously diagnosed
HTN

> 5.6 mmol/L,

or previously diagnosed
Type 2 diabetes

*Under the IDF definition, obesity plus any 2 of the remaining 4 criteria must be met for a diagnosis for MetsS,
while under NCEP-ATP Il definition, 3 of out of 5 criteria must be met for the diagnosis. Under the
Harmonised criteria (having the same cut-offs as the IDF criteria), meeting any 3 out of the 5 criteria would
qualify for a diagnosis of MetS. Contents adapted from respective guidelines proposed by NCEP-ATP IIl (2002),
IDF (Alberti et al., 2005; Zimmet et al., 2007), and harmonised criteria being proposed in a joint statement
(Alberti et al., 2009).



Figurel: Neurocognitive domains as defined in DSM 5.*

*Content adapted from the “Neurocognitive Disorders” chapter in DSM 5 (2013)

Complex Executive Learning and Language Perceptual- Social
Attention Function Memory Motor Skills Cognition
| | Sustained i Plannin Immediate Expressive Visual Recognition of
Attention g Memory Language Perception Emotion
Divided Decision Recent Receptive Visuo- .
Attention Making Memory Language constructional LlEadetling
| Selective | Working | | Very-long Term | Praxis
Attention Memory Memory
Processing Error Implicit i .
Speed Correction Learning S
=4 Inhibition
Mental
Flexability

42



Figure 2: Domains Assessed by the MCCB.
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*content adapted from www.matricsinc.org/mccb/ (accessed February 2016)
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Figure 3: Relationships between SMI, MetS, and Cognition and confounding factors of consideration.
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Figure 4: One possible mechanism showing linkages between increased adipose tissue from the development of
obesity, leading to increased levels of adipokines and cytokines, and developing mental illness.
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Abstract

Objectives: Metabolic syndrome (MetS) is a cluster of clinical markers identified as significant
risk factors in the development of cardiovascular disease, which is associated with psychiatric
populations by independent connections via the taking of medications and having a severe
mental illness (SMI). This study is an exploration of the relationships between MetS (and its

markers) and cognitive functioning in a relatively young population with a psychotic illness.

Methods: Forty-seven individuals presenting in the early phase of psychosis to the Edmonton
Early Psychosis Intervention Clinic, in Alberta, Canada, were assessed with the MATRICS
Consensus Cognitive Battery. Clinical assessment also included an evaluation of the markers of
MetS. Following an exploratory analysis, linear regression analysis was used to examine
possible significant relationships between discrete markers of MetS and specific cognitive

domains.

Results: Fasting blood glucose levels within the normal range were positively associated with
spatial working memory (p = 0.02), learning and memory of designs (p = 0.04), and spatial
reasoning and problem solving (p = 0.02). Medication effects were also noted. Other covariates

did not exert any significant effect on these relationships.

Conclusions: The consistency of the relationships across non-verbal instruments suggests a
potentially reliable effect that may implicate relatively circumscribed cerebral effects of glucose
in relation to relevant neurobiology. Although provocative, replication will be necessary to gain
confidence in the stability of this result and the validity of inferences regarding potential

mechanisms that might underlie this association.

Keywords: Cognition, spatial working memory, non-verbal memory, reasoning and problem

solving, MATRICS, MCCB, metabolic syndrome, glucose, psychosis.
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Background

There is limited information available that looks at early cognitive changes in young individuals
with severe mental illness (SMI) in the context of metabolic syndrome (MetS). Since these
individuals already suffer cognitive impairment as a result of having SMI, they may be at
increased vulnerability of further impairment as a result of developing MetS or a dysfunction in
one of its markers. Poor cognitive functioning, along with the increased cardiometabolic risk

can result in decreased quality of life and increased mortality.

MetS is a constellation of cardiovascular risk factors that includes obesity, dysglycemia,
dylipidemia (i.e., decreased serum high density lipoprotein (HDL) cholesterol, elevated serum
triglycerides), and hypertension (HTN). Criteria have been proposed by the National
Cholesterol Education Program’s Adult Treatment Panel IIl (NCEP-ATP 1ll) (2002), and by the
International Diabetes Foundation (IDF), with harmonised criteria being proposed in a joint

statement (Table 1).3

In young adult populations, the prevalence of MetS in the general population (4.2% - 18.6%
depending on criteria used) appears to approximate the prevalence found amongst similarly
aged individuals with SMI (3.9% - 15.9% depending on criteria used). The prevalence rate of
MetS in older adults with SMI rises to 36.7% vs. 23.7% in the general U.S. adult population
which suggests that both developing SMI and the treatment of the same with antipsychotic

medications are risk factors for MetS.*®

MetS has also been associated with the development of dementia in older populations,

suggesting a link between MetS and cognitive impairment.9 More recent research involving
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non-geriatric populations has suggested an association between MetS and deficits in memory,

19 1ha young population, Yau et

executive functioning, processing speed and general intellect.
al. (2012) showed that individuals (age 14 — 20 years) with MetS appear to have impairments in

attention, mental flexibility (an executive function), and general intellect.?

Many studies have focused on the roles of obesity and glucose dysregulation since both of
these factors have been proposed as being responsible for the perturbations observed in MetS.
More specifically, in the general population, obesity appeared to be negatively associated with

executive functioning and attention, with some studies also suggesting an impact on

15,21, 22

visuospatial skills. Diabetes appears to be associated with impairments in executive

functioning, processing speed, and attention.”>?* Non-diabetic individuals with slightly
impaired glucose regulation (blood glucose > 5.6 mmol/l and <7.01 mmol/l), however,

appeared to show some cognitive benefits with glucose supplementation, suggesting a possible

inverted U-shaped relationship between cognitive functioning and glucose regulation.?*?®

The research looking at how MetS may contribute to the development of dementia has raised
similar questions with respect to the cognitive functioning of individuals with SMI. Individuals
with SMI already appear to have cognitive impairments that are present in both active and

stable phases of illness, with the severity of the deficits ranging between ~0.5 and ~3 standard

27-29

deviations below the norm. Individuals with schizophrenia appear to have greater deficits

than those with other forms of SMI and other diagnoses such as mood disorders.>%

Individuals having both psychosis and MetS appear to demonstrate greater cognitive deficits

32-34

when compared to those with psychosis but without MetS. A recent study suggested that
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even in a relatively young group (mean age 30 years), a similar direct association between
cognitive deficits and cardiovascular risk may be present; however, there was no discussion
regarding the relationship between the particular factors of MetS and dysfunction in specific

cognitive domains.*®

There has been very little discussion about how these factors may play a role early in the course
of SMI. Characterising the relationships between MetS and cognitive functioning in the early
stages of SMI may suggest interventions to protect cognitive functioning, and in turn, may lead
to improved long term outcomes in mortality and morbidity. This study aims to examine the
relationship between MetS and cognitive functioning in a younger, Canadian population

presenting with First Episode Psychosis (FEP).

Methods

Human Research Ethics Board Statement
This study was reviewed and approved by the University of Alberta Human Research Ethics
Board. The requirement to obtain patient consent was waived because much of the sample

under investigation was no longer available to provide consent.

Population
The sample consisted of anonymised archival data from individuals presenting to the Edmonton
Early Psychosis Intervention Clinic (EEPIC) in Edmonton, Alberta, Canada. Referral criteria for

this service are that the individual be between ages 16 years and 35 years, experiencing
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symptoms of a psychotic illness, and having less than a year of exposure to antipsychotic

treatment prior to entry into the service.

Assessment

The data were extracted from a broader archival review of Alberta Hospital Edmonton (AHE)
Neuropsychology Department records from patients presenting for routine clinical evaluations
between December of 2001 and March of 2015. The initial evaluation was undertaken within
the AHE Neuropsychology Department either by or under the direction of a registered clinical
neuropsychologist. The assessment consisted of a clinical interview that included a Structured
Clinical Interview for DSM IV-TR diagnosis (SCID-1) (Biometrics Research, 2002), clinician- and
patient-rated symptoms of psychosis, mood, anxiety, motor signs, and adverse effects of

medication, as well as a series of performance-based tests of cognitive function.

Other data such as demographic variables, blood pressure, weight, height, and waist
circumference were also collected at this visit along with fasting blood work (fasting blood
glucose, fasting serum triglycerides, and fasting serum HDL cholesterol) and urine samples. The
primary medication being used for treatment was recorded and consideration was given for the

role that medication might play in the subject’s metabolic and cognitive profile.

Cognitive function was assessed using the MATRICS Consensus Cognitive Battery (MCCB) which
assesses the following domains: speed of processing (BACS: Symbol Coding, Category Fluency:
Animal Naming, Trail Making Test: Part A); attention/vigilance (CPT-IP); working memory
(WMS®-I11: Spatial Span; Letter-Number Span); verbal learning (HVLT-R™); visual learning
(BVMT-R™); reasoning and problem solving (NAB®: Mazes).>***® The MCCB assessment for
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measuring social cognition was not included in this neuropsychological evaluation. T-scores
were computed for each scale, and were age and gender adjusted against established
normative data using the software provided with the MCCB. An average of the T-scores across

the subscales provided a global score for analysis (MCCB-Total).

Statistical Analysis

Statistical analysis was completed using IBM SPSS Statistics 24 (IBM, 2016). Normality of the
data was inspected. Analysis was initially completed using MCCB-Total scores and identifying
correlations (Pearson’s r) with components of MetS. Further sub-analysis investigated the
relationships (Pearson’s r) between the specific MCCB subscales scores and the components of
MetS. One-way ANOVAs were used to explore the role of possible confounders (medication,
cannabis use in the last 30, occupational status, years of education, socio-economic status
(SES), and duration of antipsychotic treatment prior to assessment) given the possible impact

38-41

that these parameters may have on performance in cognitive assessments. Medications

were grouped into a categorical variable of low, medium and high metabolic impact based on

42,43 \Where confounders were found to have a significant or a trend level effect in

prior data.
the ANOVAs, they were taken forward into linear regression models, each with a cognitive

assessment T-score as the dependent variable and predictors including fasting glucose, and any

confounders as above.

Corrections for multiple testing were done through the Benjamini-Hochberg method with the

false discovery rate set at 0.10.**
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Results

Study Population

Forty-seven subjects were included in the final analysis (Table 2). The mean age of the group
was 22.6 years (sd 4.6 years), with 72% being male. One individual was 36 years old, but
included on an exception basis as they were also offered clinical follow-up. The mean length of
continuous pharmacological treatment with any antipsychotic just prior to the initial
assessment was 69.4 days (median 31.0 days; sd 95.1 days). Diagnoses included schizophrenia
spectrum disorders, substance induced psychosis, mood disorders with psychotic features, and

anxiety disorders.

Metabolic Profile of Study Population

As only two individuals (4.3%) met criteria for MetS as defined by NCEP-ATP Il criteria (Table 3),
the analysis examined relationships between the discrete markers of MetS and specific
cognitive domains. Twelve subjects had decreased HDL cholesterol levels, 13 subjects had
elevated serum triglyceride levels, 11 subjects had hypertension, and 6 subjects had an
increased waist circumference. There was no incidence of elevated fasting blood glucose, as
defined by the NCEP-ATP Il criteria (when using IDF criteria, 8% met criteria for impaired

glucose tolerance).

Cognitive - Metabolic Relationships
An initial correlation analysis was completed using MCCB-Total and the factors of MetS. A

significant positive relationship was noted between fasting blood glucose values and MCCB-
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Total (r=0.29; p = 0.05). Further analysis inspected the relationship between MCCB subscales
and fasting blood glucose and revealed significant positive associations with a spatial working
memory task (r = 0.34; p = 0.02), a spatial reasoning and problem solving task (r=0.34; p =
0.02), and a visual learning task (r =0.32; p = 0.03). No significant relationships were noted

between MCCB-Total and the MCCB subscales with measures of obesity.

From the ANOVA analysis, medication was found to affect the relationship between MCCB-
Total and fasting blood glucose (p < 0.01), and a trend was noted the role that medication
played in the relationships involving the task of spatial working memory (p = 0.11) and the task
of visual learning (p = 0.10). Occupational status, years of education, and duration of
medication exposure appeared to have at least a trend level effect on MCCB-Total, but this did
not persist into the relationships involving fasting blood glucose and was not significant in the
final linear regression model involving MCCB-Total. SES and cannabis use were not significantly
associated with any of the cognitive measures. The results of the linear regression analyses are

shown in Table 4.

Discussion

Few studies have investigated the relationship between the factors of MetS and the domains of

cognitive functioning in a population of individuals presenting with first episode psychosis. The

rates of MetS and abnormal markers of MetS were similar to those described in the general
.45-48

population for a similar age group; this was in keeping with a previous study involving

subjects with FEP.*® It was also noted that the rates of abnormal findings increased noticeably
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in the first 6 to 12 months of treatment. At EEPIC, we have a relatively young population,

and typically, one expects the rates of MetS to increase with age and duration of treatment.

General Cognition

The overall cognitive performance of our population revealed scores up to 1.5 standard
deviations below the norms of the general population. There was some variation noted in the
different domains as measured by the MCCB, with the greatest deficits present in areas of
processing speed (BACS Symbol Coding), verbal learning (HVLT-R), and working memory (CPT-
IP) (Figure 1). This is consistent with previous findings where deficits have been noted in areas

27,2 .
2950 and is

of working memory, verbal learning, processing speed, and executive functioning,
also similar to findings in populations of individuals with chronic psychotic illnesses.”*™* This
suggests that much of the cognitive dysfunction is present at the onset or possibly even before
the first episode of psychosis. Other factors include the age of illness onset and severity of
negative symptoms given the postulated interference with cognitive development in early to

>%35 One could consider that the developmental changes (due to various

mid adolescence.
possible aetiologies) over the course of adolescence that lead to FEP also alter cognitive

functioning, and represent a relative deficit when compared to what might have occurred if

one’s brain had developed along a “normal” trajectory.

Cognitive performance relating to fasting glucose
Previous studies have suggested that impaired fasting glucose negatively affected processing

123 e did not find such associations in our sample. One possible reason

speed and attention.
for this may have been that the low prevalence of impaired glucose regulation in our sample
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(0% using NCEP-ATP lll criteria; 8% using IDF criteria) did not generate a sufficient range of

scores; the severity of the cognitive dysfunction in previous studies was assessed by comparing
individuals with abnormal fasting blood glucose against individuals without. The differences in
our sample (e.g. age range, comorbidities) and methodology may explain the absence of these

previous findings.

Interestingly, we observed that higher fasting blood glucose levels within the usually normal
range (3.3 mmol/I - 6.0 mmol/l) appeared to demonstrate significant positive associations with
the non-verbal cognitive domains of spatial problem solving and reasoning (NAB®: Mazes), non-
verbal working memory (WMS®-I1I: Spatial Span), and visual learning (BVMT-R™). This appears
to be a unique finding not previously reported. Improved performance in working memory and
problem solving has been correlated with processing speed, and working memory with
attention within the MCCB;*® however, our sample did not show these same associations,
possibly indicating that there may be an independent mechanism for our result. It is unclear if
the results from the studies involving random blood glucose can be extended to fully explain
our finding, but there is a suggestion that glucose activity in the hippocampus should be
considered, perhaps in conjunction with other cellular mechanisms involving insulin and insulin
receptor (IR) activity. Also, given the domains associated with fasting blood glucose in our

study, one might postulate that there may be a regional or hemispheric mechanism.

Caravaggia et al. (2015) has suggested that elevated peripheral insulin levels (as a result of
increased peripheral glucose) may result in increased insulin concentration in the brain which

would result in the activation of more IRs. In individuals with schizophrenia, there appears to
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be a general reduction of insulin receptor concentration, not entirely attributable to
antipsychotic use.”® If individuals with schizophrenia have reduced insulin receptor
concentrations, then to activate the hippocampal neurons to support learning functions, there
would need to be increased glucose requirements, and this may partially explain the results
noted in our sample. The increased glucose needs may be met by dietary intake. Greenwood
and Winocur (2005) suggest that improved cognitive performance due to glucose intake is more
noticeable in individuals that already have a lower baseline level of cognitive functioning, with a
more robust response noted in individuals with mild insulin resistance (versus in those with
normal insulin activity), and that this effect was no longer evident in individuals meeting criteria

for diabetes.”’

The non-verbal cognitive domains of problem solving and reasoning, non-verbal working
memory, and visual learning are generally associated with right hemispheric processes.
Variations in blood flow have often been used as an indirect marker of brain activity, which is
also associated with the neuronal uptake of glucose. Wendt and Risberg (1994) noted that
individuals utilizing a “right hemispheric approach” to spatial problem solving performed better
on these tasks, and noted an associated increase in right hemispheric blood flow.”® A 2002
study demonstrated increased right sided cerebral blood flows in patient with schizophrenia
during passive visual tasks.> In addition, right-hemispheric processing benefits have been

60, 61

noted when on antipsychotic medication. These studies should be interpreted in the

context of the finding of left hemisphere “overactivation”, perhaps as compensation to

61, 62
In

impaired function, which appears to be the baseline of individuals with schizophrenia.
our population, where most subjects were medicated at the time of assessment, we may be
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able to interpret our findings as a “restoration” of right sided processes that are then further

enhanced by increased glucose availability.

Considering the above, it is possible to postulate that the relationship observed in this sample
may be due to a mechanism where individuals with impaired cognitive functioning owing to
having an SMI, and also having a slight degree of insulin resistance, are having a greater
response to glucose ingestion (either through glucose directly or an appropriate meal near the
time of assessment), resulting in a relatively mild enhancement in cognitive performance. The
rate of cerebral blood flow through the right hemisphere increases to a greater degree
compared to the left hemisphere during tasks of spatial problem solving. This would allow for
increased glucose delivery to glucose and insulin sensitive structures in the right hemisphere
(such as the medial temporal lobe),®® and provide a mechanism for the observed greater
performance in the non-verbal cognitive domains associated with the right hemisphere. A
similar performance improvement in tasks related to the cognitive domains associated with the
left hemisphere may not be noted owing to the already “overactive” left hemispheric cerebral
blood flow in individuals with psychosis, which does not alter significantly during cognitive

tasks.

Cognitive performance associated with obesity

We did not find any correlation between obesity and performance on the MCCB. While
previous studies have demonstrated significant cognitive deficits in obese individuals, it should
be noted that there are inconsistencies in the affected domains. A previous review by Liang et

al. (2014) examined the literature regarding the cognitive deficits in obese children and
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adolescents found that the evidence appeared mixed with respect to general cognitive

functioning, language, learning, memory, and academic achievement.?

Role of other possible contributing factors
Medication use has been associated with metabolic changes in as little as six weeks of
treatment and so it was somewhat unexpected that this was not significantly associated in our

datg 5 6465

Duration of pharmacotherapy has also been associated with improvements in
cognitive performance, with Snyder et al. (2008) suggesting that as little as one month of
treatment with an atypical antipsychotic can help resolve previously noted deficiencies in
spatial working memory and problem solving.*® In contrast, another study using a population
of matched controls noted no significant improvement over a 6 week period of treatment.®®
Given the mixed results of these previous studies, our finding of there being no significant
impact could have been due to the relatively short period of treatment noted above, and
therefore, medication effects, either positive or negative may not show up by the time of
assessment. In our study, this limitation may be in part due to the relatively large range in the
duration of medication exposure (0 — 350 days). Unfortunately, for individuals already on

medication, non-medicated baseline data for metabolic parameters was unavailable, and so

initial changes may not have been detected.

Strengths and Limitations
Sample size is an obvious limitation; however, we took steps to address this by using the
Benjamini-Hochberg method which can help increase a study’s power compared to other

methods of correcting for multiple analyses, by allowing for a greater false discovery rate.
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Other limitations include potentially difficult to measure confounders such as the quality and
guantity of sleep the night before, and environmental factors related to the location of the

assessment.

One of the strengths of this study was the use of the MCCB. The MCCB is a robust cognitive
battery that has been gaining wide acceptance. There are certain assumptions made in the
interpretation of these results. Keefe (1995) described several such assumptions:
neuropsychological tests measure specific functions, and poor performance on a single test
indicates a specific neuropsychological deficit; abnormal neuropsychological test performance
indicates specific regional brain dysfunction; “hypoactivity” during functional imaging

procedures with cognitive activation tasks suggests regional brain dysfunction.®’

The MCCB attempts to address these assumptions by using a battery of assessments. The
selected assessments have some overlap (as evidenced by the partial correlation of
performance) and so similar performance across several tests can allow one to draw better
conclusions about neurological functioning. This appears to support our finding of the

consistency in the associations identified between cognitive measures of a visuospatial nature.

Another strength was that the effort on the part of the participant was assessed; the majority
of subjects were felt to have good effort. As part of the overall initial assessment, the subject is
invited to participate in the neuropsychological assessment on a voluntary basis, and so it can
be presumed that those subjects who took part were also reasonably motivated. Nonetheless,

it will be important to replicate these findings in larger early psychosis samples.
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Conclusions and Future Directions

In this sample of patients with early psychosis, high normal levels of fasting glucose were
associated with improved cognitive performance on the MCCB, and more specifically, were
positively related to non-verbal tasks including spatial working memory, recall of figures, and
problem solving with mazes. There was no similar relationship to tasks of attention and

processing speed.

These findings can serve as part of a baseline profile against which symptom progression can be
measured and interventions can be evaluated. Cognitive remediation is an area of current
interest to target the deficits noted in individuals with schizophrenia; the degree of observed
benefit has been mixed.®® ®° Pharmacological and non-pharmacological interventions directed
to the management of MetS and its factors can be better assessed from a functional

70-72

perspective. It has been suggested that targeting other endocrine activity can also provide

benefit. For example, administration of leptin could potentially result in improved cognitive

73-75

performance and also have a role in obesity management. Genetic and epigenetic factors

can also be explored to predict cognitive responses to antipsychotic treatment.”®
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Table 1: Criteria for MetS as proposed by IDF, NCEP-ATP Ill, and Harmonised criteria

Criteria* NCEP-ATP Il IDF Harmonised

D Waist > 102 for o, > 94 for Europid o, > 94 for Europid o,
Circumference (cm) > 88 for 2 > 90 for non-Europid J, > 90 for non-Europid &,

>80 for & >80 for &
“MTrigylcerides >1.69 >1.7 >1.7
(mmol/l) or on specific treatment or on specific treatment
JHDL (mmol/I) <1.03 for &, <1.03 for &, < 1.0 for o,

<1.29 for & <1.29 for &, <1.3for 2,

or on specific treatment or on specific treatment
 Blood Pressure BP > 130/85 Systolic BP > 130, Systolic BP > 130,
(mm Hg) Diastolic BP > 85, Diastolic BP > 85,

 Fasting >6.1
Plasma Glucose
(mmol/l)

or previously diagnosed HTN  or previously diagnosed HTN

> 5.6, or previously 2 5.6, or previously
diagnosed Type 2 diabetes diagnosed Type 2 diabetes

*Under the IDF definition, obesity plus any 2 of the remaining 4 criteria must be met for a diagnosis for MetS,

while under NCEP-ATP Il definition, 3 of out of 5 criteria must be met for the diagnosis. Under the

Harmonised criteria (having the same cut-offs as the IDF criteria), meeting any 3 out of the 5 criteria would

qualify for a diagnosis of MetS. (adapted from Sivapalan et al, 2015 — in submission)
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Table 2: Population Demographics

Employment

Unemployed 23 48.9%
Student 6 12.8%
Employed 17 36.2%
Unknown 1 2.1%
Average years of education =

12.6y

Cannabis Use in Past 30 days
Yes 14 29.8%
No 33 70.2%

Ethnicity
Caucasian 23 48.9%
Asian 7 14.9%
Middle Eastern - Mediterranean 6 12.8%
African 4 8.5%
Central & South American 2 4.3%
Indigenous 5 10.6%
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Table 3: Number of Individuals Meeting Criteria* for MetS and individual Mets parameters

MetS Factor #abN % abN Mean Range SD
Meeting Full Criteria 2 4.3% - -

Fasting Blood Glucose 0 0% 4.9 mmol/I 3.9 -5.8 mmol/I 0.4 mmol/I
HDL Cholesterol 12 25.5% 1.4 mmol/I 0.7 - 2.4 mmol/I 0.3 mmol/I
Triglycerides 13 27.7% 1.3 mmol/I 0.4 - 2.9 mmol/I 0.6 mmol/I
Blood Pressure 11 23.4% ?’/,ommHg /0, mmHg °°/,,, mmHg

Waist Circumference 6 12.8% 86.7 cm 63.5-111.8 cm 10.1 cm

*Critera as defined by NCEP-ATP IlI
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Table 4: Linear regression analysis outputs of the most significant
relationships between fasting serum glucose levels and specific cognitive
assessments from the MCCB

Cognitive Assessment Factor B t-score p-value

Glucose 0.33 2.36 0.02
WMS llI-Spatial Span
Medication -0.13 -0.94 0.35

NAB Mazes Glucose 0.34 2.41 0.02

*Qccupational Status
**Years of education
***Duration of antipsychotic medication exposure prior to assessment
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Figure 1: Cognitive Profile of Population* (Average scores presented as T-Scores)

fazes BATR  Catsgay  CFTR  MCCETod

*Average and range of T-Scores obtained by the assessed sample of individuals at EEPIC in each of the
cognitive assessments of the MCCB. The line at the T-Score of 50 represents the average of the general
population.
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5. Further discussion: considering the roles of other parameters of MetS

The second paper makes the suggestion that for certain right-sided cognitive domains, having a
slightly higher blood glucose level may be of benefit when engaged in these mental tasks.
There may be a number of mechanisms at play, including the idea of differential cerebral blood
flows and looking at how the human brain may compensate for this differential. It should still
be reinforced that this finding may represent part of an upside-down “U” relationship between
insulin resistance and cognitive functioning. That would be in keeping with the previous
findings noted in the first paper, where a diagnosis of diabetes was associated with cognitive
impairments in processing speed, attention, and memory. A larger population with a wider

range of values would be helpful to better characterise this interesting relationship.

With respect to obesity, a few other ideas may be worth considering, not explored in the
second paper. One analysis looking at obesity, co-morbid somatic disorders, and cognitive
functioning seemed to indicate that increased age in individuals with obesity is associated with
both increased somatic co-morbidities and to decreased cognitive performance (Kiunke et al.,
2013). Our population, due to the nature of the intake criteria of the clinical service, represent
a somewhat narrow age group. A study of otherwise healthy children and adolescents did not
find an association between elevated BMI and neuropsychological performance; however, it
was also noted that performance in otherwise healthy adults was impaired (Gunstad et al.,
2006; Gunstad et al., 2007; Gunstad et al., 2008). The prior studies limited their assessments to
verbal memory, attention, and tasks of executive functioning (including the Austin Maze,
Stroop, and the Trail Making Test-B), and found impairments in two of the three tasks of

executive functioning, but not attention. Overall, these studies appear to suggest that the
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effects of obesity on cognitive functioning may be due to more of a chronic process, rather than
to an acute presentation. Owing to the various mechanisms through which adipose cells can
exert an influence on the brain and its functioning (e.g. Chapter 3, Figure 4), it can be

appreciated that evolution of any impairment may take time.

Perhaps the most relevant study to our population is one that included a large number of
Chinese patients (n = 896) with schizophrenia or schizophreniform disorder. Obese subjects
demonstrated more impairment on the Trail Making Test: Part B, Wechsler Memory Scale -
Revised Reproduction Test, and the Wechsler Adult Intelligence Scale Digit Symbol Test. This
finding is in line with one of our original hypotheses that obesity would be associated with

impairments in visuospatial tasks, attention, and working memory (Guo et al., 2013).

In a post hoc analysis of the data pertaining to the subjects presenting to EEPIC, several trends
involving other biomarkers of MetS were noted, however, the significance of these results
remain unclear. Notably higher systolic blood pressures and worsening serum triglyceride
levels showed trend associations with impairments in verbal learning (r=-0.27, p=0.07; r = -
0.29, p = 0.05, respectively). As well, increased levels of serum HDL cholesterol approached a
trend level association with higher scores in a task of processing speed (r=0.37, p =0.01). Inall
of these findings, the respective biomarker of MetS was treated as a continuous variable, and
so while these trends may suggest some degree of cognitive dysfunction with worsening
metabolic parameters, it is not specifically clear that it is with abnormal values that the

dysfunction occurs. The significance of these relationships was lost once correction was applied
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for multiple testing, but may suggest areas for further study with larger sample sizes. These

relationships have been described previously but inconsistently.

One 2008 study demonstrated that hypertension was associated with verbal learning
impairments, but also showed an association with semantic memory (Gatto et al., 2008). This
was supported in a later, 2014 study, which also showed negative associations of HTN with
executive functioning and psychomotor performance (Levin et al., 2014). It should be noted
that Taylor and MacQueen (2007) found HTN to be associated with impairments in most
cognitive domains, describing a mechanism that was consistent with chronic presentations and
involving the presence of white matter lesions. This would not likely be the case in a population
of older adolescents and young adults having FEP, and it is difficult to ascertain which cognitive
domain is affected first, if any. Another 2008 study of 121 African-American adults did not
support the finding that HTN was associated with verbal learning impairment (Sims et al.,
2008). Lastly, a factor analysis looking at a non-geriatric population of individuals with
schizophrenia in fact describes cognitive benefits associated with HTN, and infers that improved
cerebral circulation may play a role in this finding (Wysokinski et al., 2013). The generally broad
results make it difficult to draw any specific inferences with respect to the relationships

between HTN and specific cognitive domains.

With respect to the association between elevated triglycerides and verbal learning, at least two
previous studies appear to support this finding, but the recent factor analysis mentioned above
did not report on any cognitive deficits associated with elevated serum triglycerides, while

reporting a number of deficits associated with elevated low-density serum lipoprotein levels
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(Farr et al., 2008; Sims et al., 2008; Wysokinski et al., 2013). Elevated triglycerides have also
been associated with dysfunction in other domains such as attention and some aspects of
executive functioning (Boyer et al., 2013; Lindenmayer et al., 2012). With respect to the finding
of HDL cholesterol associated with improved processing speed, previous studies that have also
reported an improvement in cognitive performance with higher level of HDL cholesterol;
however, this effect has mainly been noted in older geriatric populations, and mostly amongst
women (Chanti-Ketterl et al., 2015; Crichton et al., 2014; Hottman et al., 2014; Lv et al., 2016).
Given the broadness of reported benefits compared to fairly circumscribed findings in the
current report, it seems more likely that this finding is a false positive; further research with a
larger FEP population will be required. It has also been suggested that lipid levels that are too
low may also be associated with cognitive deficits, suggesting that similar to the relationship
with glucose, that there may be a U-shaped relationship between cognitive performance and
serum lipid levels; the direction of the “U” may depend on which type of lipid is being

considered.

The variability in the literature described above may reflect the idea that unlike obesity and
insulin resistance, which are arguably the more serious parameters of MetS, HTN and
dyslipidemia may have a role where abnormalities in these parameters simply contribute
additive effects with respect to cognitive dysfunction to individuals who are already obese or
have insulin resistance. More research looking at the relationships between cognitive
functioning and the metabolic parameters of blood pressure and serum lipid profiles in

individuals with SMI are warranted.
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6. Conclusions

This area of research is an active one at this time as it focuses on early interventions to reduce
overall long-term morbidity and mortality of SMI and its associated disorders including MetS.
MetS is a common comorbidity amongst individuals with SMI, and when an individual has both
MetS and SMI, other aspects of their wellbeing and functioning are affected (e.g., cognition).
Individuals with SMI already appear to have a certain amount of cognitive dysfunction at
baseline, and the literature review suggests that when MetS is part of the presentation, the
patient appears to suffer from a greater degree of cognitive impairment. In general, the
consensus amongst most studies is that the greater the number of abnormal MetS parameters
that an individual has, the greater the cognitive impairment. However, there does appear to be
some suggestion that having slightly abnormal values in a specific parameter (e.g. serum
cholesterol, blood pressure, measures of insulin resistance) may offer some cognitive benefit.
The study described in Chapter 4 is one such example, where serum glucose values at the
higher end of the normal range appear to confer some cognitive benefit in a series of
assessments that related to non-verbal cognitive functions. This appears to be a unique finding
at this time, and it is hopeful that further study with a larger number of subjects will allow for
better analysis. If this result were to hold up, one could consider continuing with a functional
neuroimaging study to better investigate a possible mechanism for this finding. Results such as

this have the potential to modify clinical care strategies in the near future.
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