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Abstract

Theory of mind (ToM) is the ability to understand and reason about a variety of meta-
cognitive and emotional mental states. Compared to young adults, older adults are more
susceptible to reduced ToM, though the fundamental supporting processes are unclear.
Earlier work demonstrates that neurocognitive performance, health status, and biological
sex differences each contribute to ToM variability, yet no research has examined these
predictors concurrently. In this dissertation we examined how these key predictors
related to age differences in the cognitive and affective components of ToM. We tested
86 young (mean age = 19.8) and 85 older adults (mean age = 71.4) on standardized
measures assessing neurocognitive performance and ToM. Predictor variables were
derived from demographic information (sex), in-office blood pressure readings (pulse
pressure or PP), and measures of three neurocognitive domains closely linked to ToM:
executive functions, verbal comprehension, and episodic memory. We used path
analysis to identify concurrent predictors of cognitive and affective ToM between age
groups and partial invariance analyses to assess age differences in the strength of
identified predictors. Our findings make several important contributions to this literature.
We provide the first evidence that poor vascular health (high PP) directly predicts lower
cognitive ToM across age groups, beyond other explanatory variables. Furthermore, in
agreement with child development and cognitive neuroscience theory, we present the
first neuropsychological evidence suggesting that cognitive ToM is a key predictor of
affective ToM performance. Finally, while certain neurocognitive predictors of ToM are
more salient in later life, we demonstrated that most predictors are shared between age
groups and are equivalent in magnitude. Taken together, our study represents the most
comprehensive investigation of predictors of ToM in aging to date, and suggests the
value of continued investigation of ToM within a multidimensional framework.

Keywords: theory of mind; cognitive aging; blood pressure; sex differences;
neurocognitive performance
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Chapter 1. Introduction

Successfully navigating the social world relies on the ability to accurately predict
what other people will think, feel, or do in various situations. For example, understanding
that a loved one is upset over an earlier argument allows for a cautious approach to the
topic and may lower the potential for further negative emotions. The capacity to consider
another’s beliefs, intentions, feelings, or motivations and use this knowledge to predict
and explain behaviour is known as theory of mind (ToM) (Premack & Woodruff, 1978).
Various terms exist to describe ToM, including mental state reasoning, mentalizing,
cognitive empathy, and emotional awareness. Despite the wealth of data describing how
humans interact with the social environment, the myriad of terms and disagreement
regarding how to define and measure ToM creates ongoing challenges for researchers
in this field. We use the terms ‘ToM’ and ‘mental state reasoning’ to refer to the ability to

understand and reason about self- and other- mental state perspectives.

For most people, ToM is second nature and occurs without much insight into its
process. Yet research suggests that ToM skills, as measured in the laboratory, are
actually quite variable (Moran, 2013). In particular, older adults perform worse than
young adults on measures of ToM, which can have clear and important consequences
for daily social functioning (Bailey, Henry, & von Hippel, 2008; Henry, Phillips, Ruffman,
& Bailey, 2013; Sandoz, Démonet, & Fossard, 2014). However, comparatively less is
known about what factors underlie such differences. Concomitant reductions in age-
sensitive neurocognitive abilities including executive functions, language, and episodic
memory are one possibility (Apperly, Samson, & Humphreys, 2005), but these predictors
are shown to account for less than 20% of overall variance in ToM performance (Ahmed
& Miller, 2011; Bernstein, Thornton, & Sommerville, 2011; Fischer, Bernstein, &
Thornton, 2014). More research is needed to clarify how and when neurocognitive
processes predict ToM, and to determine the role of other potential explanatory
variables. In a recent study (Fischer et al., 2014) we examined neurocognitive functions

and vascular health as modifiers of ToM performance in a sample of community-residing
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older adults. We observed strong associations between reduced ToM, older age, and
worse performance on a composite measure of episodic memory and speed. We also
demonstrated the first evidence that vascular health, an important predictor of general
neurocognitive difficulties (Gifford et al., 2013), modified age reductions in ToM. These
results provided evidence that concurrent examination of non-cognitive predictors affords
a more nuanced view of how ToM changes with age. In this dissertation investigated
ToM within a multidimensional framework wherein age differences were associated with

fundamental neurocognitive, health, and demographic predictors.

1.1. Contemporary Perspectives on ToM

1.1.1.  Age Differences and Clinical Relevance

Research portrays a consistent picture regarding the relevance of age
differences in ToM: Older adults show significantly worse performance across measures
of ToM compared to their younger peers (Cavallini, Lecce, Bottiroli, Palladino, & Pagnin,
2013; Pardini & Nichelli, 2009; see also Henry et al., 2013; Sandoz et al., 2014). Two
points are noteworthy regarding these findings. First, the magnitude of age effects is
considerable. In a recent meta-analysis Henry and colleagues (2013) demonstrated that
effect sizes (ES) for age differences in ToM are at least moderate (mean weighted ES r
=-.41; 95% ClI [-.23 to -.48])". As a practical benchmark, age effects in the ToM literature
are similar in magnitude to those reported for prospective and retrospective memory
(e.g., r's = -.39 and -.52, respectively: Henry, MacLeod, Phillips, & Crawford, 2004).
Second, age differences generalize across varied ToM measures and conceptual
definitions (Henry et al., 2013). This point is critical in that it signifies that core difficulties
in older adults’ ToM performance are not driven by study-specific characteristics.

Together this evidence is compelling and contradicts prior reports of maintained or

! Classified by the dissertation author according to O’Rourke, Hatcher, & Stepanski’s (2005)
recommendations for interpretation: | 0 <r < .20 | = “absent” degree of association, | .21 <r <
.35 | = “low” degree of association, | .36 <r < .50 | = “moderate” degree of association, and | .51
<r<.80 | = “high” degree of association. Negative estimates indicate that older adults
performed worse than young adults.



improved ToM in older age (e.g., Happé, Winner, & Brownell, 1998; Keightley, Winocur,
Burianova, Hongwanishkul, & Grady, 2006; MacPherson, Phillips, & Della Sala, 2002).

Parallel to research in healthy aging, moderate to severe declines in ToM are
reported among individuals with age-related neurodegenerative illness, including
Alzheimer's disease (AD), Parkinson’'s disease (PD), and behavioural variant
frontotemporal dementia (bvFTD) (Kemp, Després, Sellal, & Dufour, 2012; Sandoz et al.,
2014). Studying ToM in these populations provides insight into how ToM changes as a
function of age and disease process and may assist in refining theories about factors
that are fundamental to ToM integrity in healthy aging. Individuals with AD, PD, and
bvFTD often exhibit poor social skills and indifference toward others that is at least partly
associated with poor ToM (Narme, Mouras, Roussel, Devendeville, & Godefroy, 2013a;
Shany-Ur & Rankin, 2011). Specific patterns of ToM impairment are also useful
diagnostic markers to distinguish among disease entities (e.g., AD versus bvFTD; Le
Bouc et al, 2012). Performance distinctions may signal disease-specific
neurodegenerative processes on the integrity of brain regions crucial for ToM (i.e.,
prefrontal structures and temporal-parietal cortex; Schlaffke et al., 2015), as well as
correlated deficits in standard neurocognitive domains (Kemp et al., 2012).

Clinical interest is further motivated by evidence that ToM difficulties are
observed in a large number of illness pathologies. Appendix A, Table A1 summarizes
this literature. In populations where poor ToM is a prominent clinical feature (e.g., autism
spectrum disorder, schizophrenia), difficulties are linked to decreased social
engagement and reduced functional capacity (e.g., Fett et al., 2011). There is also
preliminary evidence to suggest that poor ToM is associated with decreased participation
in social activities among community-residing older adults (Bailey et al., 2008). Such
outcome studies emphasize ToM as a potentially significant predictor of real-world
behaviour. This idea is also reflected in the clinical practice of psychology and
psychiatry, wherein the Diagnostic and Statistical Manual of Mental Disorders Fifth
Edition (DSM-5; American Psychiatric Association, 2014) now lists social cognition
(including ToM) as one of six neurocognitive domains to be considered when diagnosing
Minor and Major Neurocognitive Disorders (i.e., mild cognitive impairment [MCI] and/or
dementia). As a result, some authors have called for ToM to be assessed routinely in

clinical neuropsychological evaluations (Adenzato & Poletti, 2013). Altogether the
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collective interest in this topic highlights a need for more nuanced investigations

regarding how ToM is maintained across adulthood.

1.1.2. The Multidimensional Structure of ToM

Our basic theoretical framework views ToM as a multidimensional construct
comprised of two distinct, but partly overlapping, components? ‘Cognitive ToM’ refers to
the ability to reason about meta-cognitive beliefs, whereas ‘affective ToM’ refers to the
ability to reason about emotional mental states (Shamay-Tsoory & Aharon-Peretz,
2007)°. What is central to both components is the understanding of mental states.
Evidence supporting this conceptual distinction rests on differences in: (a) cognitive
neuroscience theory; (b) developmental research in childhood and older age; (c)
patterns of neuroanatomical localization and selective sparing and/or impairment
observed in lesion case studies. Two primary conceptual perspectives are proposed to
explain how humans come to understand others’ mental states: ‘Theory-theories’ and
‘simulation theories’. Theory-theories suggest that individuals use cognitive terms to
describe unobservable mental states until an inference is formed, akin to building a
scientific theory (Carruthers & Smith, 1996). In contrast, simulation perspectives suggest
that individuals use their own minds as models to base inferences about others’ mental
states (Gallese & Goldman, 1998). The central premise of both perspectives is that
specific neural architecture is reserved for, and activated by mental state inferences (i.e.,
mirror neurons and/or a core ToM network; Mahy, Moses, & Pfeifer, 2014a). Further,
some authors speculate that these theories differentially explain cognitive and affective
ToM, such that cognitive ToM involves theory-building processes and affective ToM

involves simulation processes (Shamay-Tsoory, Tomer, Berger, Goldsher, & Aharon-

2 We use the descriptor ‘multidimensional’ throughout this manuscript to refer to our
conceptualization of ToM as componential or composite type of cognition whose development
and use relies on input and interaction with a number of supporting resources.

® Affective ToM is often erroneously equated to empathy. Despite shared characteristics, the two
constructs differ in their definition and function. Specifically, empathy occurs when the act of
identifying another’s emotions causes a change in one’s own affective state that is an
appropriate response. In contrast, affective ToM refers to an individual’s active attempt to get
“inside” another’s emotional mind through a deliberative process and without necessarily
experiencing that emotion (Decety & Jackson, 2004). Affective ToM is sometimes referred to in
the literature as “cognitive empathy” (Dvash & Shamay-Tsoory, 2014).



Peretz, 2005). However, both theory-theories and simulation perspectives lack adequate
explanation for the inter-relationship between cognitive and affective ToM and the

potential contributions of supporting processes (Stone & Gerrans, 2006).

Like other types of componential cognition (e.g., everyday problem solving,
Thornton, Deria, Gelb, Shapiro, & Hill, 2007), ToM is supported by perceptual precursors
and neurocognitive processes in development and across the lifespan (Adolphs, 2003;
Carlson & Moses, 2001; Mahy et al., 2014b). At the essence of any social interaction,
humans first rely on basic perceptual skills such as face detection, gaze processing,
emotion recognition, and joint attention, to gather and process social information
(Adolphs, 2003; Stone & Gerrans, 2006). ToM requires information processing beyond
what is extractable using elementary gaze detection or emotion recognition, though in-
line interaction with these skills persists across the lifespan. As outlined by Wellman &
Lagattuta (2000), children develop the ability to understand that others’ beliefs may differ
from their own by age three or four. This first-order cognitive ToM co-develops with
language and executive functions (Astington & Jenkins, 1999; Carlson & Moses, 2001)
and forms the basis for second-order cognitive ToM to develop by age six or seven (i.e.,
holding two or more mental states simultaneously). Advanced mental state reasoning,
including the affective ToM attributions sarcasm, social faux pas, and moral judgment,
emerges later in childhood and adolescence (Bosco, Gabbatore, & Tirassa, 2014,
Vetter, Altgassen, Phillips, Mahy, & Kliegel, 2013). Shamay-Tsoory, Aharon-Peretz, and
Perry (2009) describe the organizational structure of ToM as hierarchical and integrative:
Individuals first require perceptual skills to detect social cues, followed by first- and
second-order cognitive ToM to understand mental perspectives and infer behaviour, and
empathy to experientially grasp interpersonal emotions. It is the integration of these
processes that enables a functional affective ToM. This perspective is supported by
evidence that children develop cognitive ToM at a younger age than affective ToM, as
they must first understand others’ beliefs in order to appreciate that beliefs guide
emotions (Vetter et al., 2013). For example, to realize that a social faux pas has
occurred, individuals need to represent two mental states: (1) that the other person does
not know this is wrong to say, and (2) that the person hearing the comment might feel

hurt. Thus, both cognitive and affective reasoning are utilized in affective ToM.



Dissociation between cognitive and affective ToM does not strictly imply that the
components are always separate, rather that they can be separated (Dvash & Shamay-
Tsoory, 2014). This notion is not captured by the early theories of ToM cited earlier.
Shamay-Tsoory and colleagues (2009) outlined two plausible models to explain the
cognitive-affective ToM relationship. The first model implies ‘exclusivity’. In this model
cognitive and affective ToM have separate neural bases—this is supported by evidence
that selective brain lesions can impair cognitive ToM but spare affective ToM (and vice
versa, Shamay-Tsoory & Aharon-Peretz, 2007). The second model implies
‘dependence’. This model assumes that because cognitive ToM is more automatic and
develops earlier than affective ToM, it might be a pre-condition to affective ToM. While
empirical support is available for both models, the latter aligns best with neuroimaging
and developmental research (Dvash & Shamay-Tsoory, 2014; Vetter et al., 2013). The
broad ToM neural architecture comprises bilateral involvement of superior temporal
sulci, temporal poles, and prefrontal cortex (Schlaffke et al., 2015). Each region plays a
prominent but non-exclusive role in controlling ToM. Both cognitive and affective ToM
depend on prefrontal cortex; however, where cognitive ToM relies on the larger ToM
network, affective ToM relies specifically on contributions of ventromedial prefrontal
cortex, where integration of cognitive and affective mental state information is thought to
take place (Schlaffke et al., 2015). It is suggested that the ventromedial prefrontal cortex,
through rich connections with the anterior insula, inferior parietal region and the limbic
system, is uniquely positioned to regulate incoming emotional information and integrate it

with cognitive representations (Shamay-Tsoory et al., 2009).

1.1.3. Measurement of ToM in Adulthood and Aging

Numerous measures exist to examine cognitive and affective ToM and vary by
developmental complexity. Measures that tap simplistic ToM skills (first- and second-
order ToM) are most appropriate for young children and adults with known cognitive
difficulties, whereas measures that tap advanced ToM skills (e.g., social faux pas, moral
judgment) are suitable for adolescents and healthy adults (Moran, 2013). In adult
research, ToM measures generally fall into one of four categories: False belief reasoning
(e.g., German & Hehman, 2006; Bernstein et al., 2011), reasoning about written stories

or videos (e.g., Happé et al., 1998; Sullivan & Ruffman, 2004), social faux pas detection



(e.g., Stone, Baron-Cohen, & Knight, 1998), and emotional mental state reasoning (e.g.,
Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001). Each of these categories can
be separated into first- and second-order question types; however, most studies have
not analyzed data at this level of detail. Conclusions from review articles illustrate
several additional limitations of existing ToM research (Kemp et al.,, 2012 and Moran,
2013). For one, the psychometric properties of ToM measures used in adult research are
rarely reported. To our knowledge only six studies of ToM in aging report sample-specific
reliability and most estimates concern inter-rater agreement (see Appendix B, Table B1).
Little is known about the internal consistency or test-retest reliability of ToM scores, and
what is reported varies widely (e.g., internal consistency: a = .49 to .85, Phillips,
MacLean, & Allen, 2002; a = .91 to .93, Yeh, 2013). This point is concerning since scale
reliability is central to statistical power and bears directly on interpretation (Henson,
2001). Further, despite similar operational definitions for ToM, most studies report low to
moderate inter-test correlations (e.g., |.01 < r < .58|; Ahmed & Miller, 2011; Phillips et
al., 2002; Rakoczy, Harder-Kasten, & Sturm, 2012; Saltzman, Strauss, Hunter &
Archibald, 2000). While measurement error or discrepancies in test selection may play a
role, it is also possible that these findings reflect the multidimensional nature of ToM.
Erroneous conclusions may arise when studies conflate cognitive and affective ToM—
constructs that hold differential relationships with age and neurocognitive performance.
Even fewer studies have delineated between first- and second-order question types.
One reason for this is that most adults show ceiling or near-ceiling performance on first-
and second-order ToM questions. This has led researchers to rely on other populations
such as typically developing children (e.g., Carlson & Moses, 2001), individuals with
schizophrenia (e.g., Fett et al., 2011), and individuals with neurodegenerative illness
(e.g., Le Bouc et al., 2012; Moreau et al., 2015) to gain insight into the organizational

structure of ToM.

Few neuropsychological studies involving healthy adults and older adults have
clearly distinguished between cognitive and affective ToM (Duval, Piolino, Bejanin,
Eustache, & Desgranges, 2011; Mahy et al., 2014b; Rakoczy et al., 2012; Wang & Su,
2013; Ze, Thoma, & Suchan, 2014). These studies primarily utilize measures requiring
individuals to reason about mental states from short stories to assess cognitive ToM

(e.g., Happé et al., 1998), and Baron-Cohen and colleagues’ (2001) Reading the Mind in



the Eyes Test (RMET) or related instruments to assess affective ToM. Despite common
measurement tools discrepant findings exist. Disagreement pertains to whether or not
age effects are limited to cognitive ToM (Ze et al.,, 2014) or apply equally to both
components (Duval et al., 2011; Rakoczy et al., 2012). Most evidence favours the latter
notion. For instance, Duval and colleagues (2011) demonstrated that adults aged 61 to
83 years performed worse on measures of cognitive and affective ToM relative to young
adults (21 to 34 years) and middle-aged adults (45 to 59 years). No differences were
observed between the young and middle-aged groups, suggesting age differences are
detectable in both components and become meaningful after age 60 (see also Bernstein
et al., 2011; Charlton, Barrick, Markus, & Morris, 2009; Pardini & Nichelli, 2009). In a
recent meta-analysis Henry and colleagues (2013) examined performance trends across
measures of cognitive and affective ToM commonly used in aging research. They found
moderate effect sizes across both ToM components favouring young adults: cognitive
ToM, r = -.45, 95% CI [-.37 to -.53] and affective ToM, r = -.51, 95% CI [-.45 to -.58].

In sum, converging evidence from cognitive neuroscience, neuropsychology,
child development, and neuroimaging research supports a multidimensional organization
within ToM. Convergent lines of inquiry demonstrate that despite important conceptual
dissociations, cognitive and affective ToM share a common, integrated structure. At
present, researchers are merely beginning to examine ToM in a multidimensional way to
assess how mental state reasoning is supported across the adult lifespan. Thus, the aim
of this dissertation was to develop a multidimensional framework through which we
comprehensively addressed how three key predictors (neurocognitive functions, blood

pressure, and biological sex) related to age differences in cognitive and affective ToM.

1.2. Predictors of Age Differences in ToM

1.2.1. Neurocognitive Functions

Advancing age is accompanied by considerable variability in neurocognitive
performance (Wilson et al.,, 2002). While some individuals maintain their level of
neurocognitive functioning with age, others demonstrate declines that significantly

impact their daily performance (Plehn, Marcopulos, & McLain, 2004). Declines typically



occur in fluid abilities including executive functions, episodic memory, and processing
speed, while crystallized verbal skills and semantic knowledge remain intact (Salthouse,
2010). As noted earlier, debate surrounds whether ToM inferences are formed via
automatic, implicit processes (i.e., theory-theory or simulation theory; Carruthers &
Smith, 1996; Gallese & Goldman, 1998), or if inferences are supported by on-line
interaction and input from perceptual skills and requisite neurocognitive resources
(Apperly et al., 2005; Stone & Gerrans, 2006). If ToM is implicit, both cognitive and
affective components should be relatively resistant to age-related change and improve
steadily with accumulated social experience. In this case we would expect that (a) ToM
should be weakly associated with neurocognitive functions across the lifespan, and/or
(b) associations with neurocognitive functions might vary based on task demands. The
latter idea suggests that for measures whose methodology requires ToM and other
neurocognitive skills, “pure” age-invariant cognitive and affective ToM constructs would if
parsed from construct-irrelevant variance. This contrasts with the neuropsychological
conceptualization of ToM as a componential construct whose function is dependent on
on-line input from perceptual skills and supporting neurocognitive resources, such as
inhibition of the self-perspective, attention and working memory, correct recall of mental
state information, and verbal expression. This latter framework would entail that
individual differences in age-sensitive neurocognitive functions are important predictors

of cognitive and affective ToM in both age groups.

In line with a neuropsychological approach to the conceptualization of ToM, we
framed our review to summarize research supporting neurocognitive resources as
essential to ToM across the lifespan. However, several problems with existing work limit
the strength of this argument and are areas we sought to address in this dissertation. For
one, knowledge about the relation of ToM to neurocognitive skills is mostly limited to
research examining single neurocognitive domains (e.g., executive functions; Duval et
al., 2011; Rakoczy et al., 2012). Less is known about how neurocognitive functions
influence ToM when predictors are considered concurrently. Existing research is also
predominately focused on associations between neurocognitive functions and cognitive
ToM (Sandoz et al, 2014). Findings are mixed regarding whether neurocognitive
functions similarly predict affective ToM. Finally, few studies have examined

neurocognitive variables while also considering potential non-cognitive predictors of ToM



(see Charlton et al., 2009; Fischer et al.,, 2014). Based on these issues and our
conceptualization of ToM as a multidimensional construct, we considered three domains
with the strongest evidence documenting associations with ToM in adulthood: Executive
functions, crystallized verbal skills, and episodic memory. Because thorough reviews are
available elsewhere (Sandoz et al., 2014), we summarize supporting evidence below.
Given the lack of standardized, recommended ToM measures in aging research we
detail the findings of this literature in Appendix C, Table C1.

Executive Functions

Clear and consistent evidence links ToM to multiple executive functions,
including response inhibition, working memory, attention, mental flexibility, updating, and
abstract reasoning (Ahmed & Miller, 2011; Li et al., 2013; Mahy et al., 2014b; McKinnon
& Moscovitch, 2007; Phillips et al., 2011). Response inhibition is necessary to filter out
competing mental states (e.g., the self-perspective) and other irrelevant information in
order to adopt another’s mental perspective (Bailey & Henry, 2008). Because of this it
has received the most attention in ToM research. Past work indicates that inhibition
directly predicts cognitive ToM (Ahmed & Miller, 2011; Wang & Su, 2013) and mediates
associations between age and cognitive ToM (Bailey & Henry, 2008). We know of only
two studies that have examined links between inhibition and affective ToM. These
suggest that increasing the inhibitory demands within a measure leads to poorer
affective ToM (Mahy et al.,, 2014b). The fact that poor inhibition leads to reduced
performance on measures of cognitive and affective ToM is consistent with Hasher and
Zacks’ (1998) inhibitory deficit hypothesis, which suggests that age-related declines in
cognitive performance are attributable to difficulty filtering task-irrelevant information with
age. Yet poor inhibition is related to worse ToM in childhood, adolescence, and young
adulthood—not just in late life (Carlson & Moses, 2001; Vetter et al., 2013). Reported
associations between ToM and other executive functions are limited to cognitive ToM,
wherein modest associations exist between poor cognitive ToM and reduced mental
flexibility (Li et al., 2013), working memory (McKinnon & Moscovitch, 2007), updating
(Phillips et al., 2011), and abstract reasoning (Ahmed & Miller, 2013). Other studies
report no association between cognitive ToM and executive functions (e.g., Bernstein et
al., 2011; Keightley et al., 2006; MacPherson et al., 2002). It is generally unknown how

executive resources aside from inhibition relate to affective ToM. Some authors have
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further suggested that the focus on individual executive predictors may be too specific
and that it is the totality, rather than individuality, of executive dysfunction that leads to
poor ToM (Aboulafia-Brakha, Christe, Martory, & Annoni, 2011). This idea is supported
by strong direct associations between reduced performance on composite ‘executive
function’ variables and cognitive ToM (Charlton et al., 2009; Duval et al., 2011; Fischer
et al., 2014) and moderate indirect associations with affective ToM (Rakoczy et al., 2012;
Yeh, 2013).

Crystallized Verbal Abilities

There is clear support for an association between crystallized verbal abilities and
both cognitive and affective ToM, such that higher verbal skills predict better mental
state reasoning (Peterson & Miller, 2012). Significant associations with ToM are reported
across measures ranging from basic vocabulary tests (Maylor, Moulson, Muncer, &
Taylor, 2002; Slessor, Bull, & Phillips, 2007) to verbal composites of standardized
intellectual test batteries (e.g., WAIS-IIl VIQ: Charlton et al., 2009). Charlton and
colleagues (2009) demonstrated that verbal abilities explained 14% of the variance in
older adults’ performance on a story-based test of cognitive ToM, beyond age
differences in story comprehension and neural integrity. Verbal abilities also predict ToM
in young adults, even when efforts are made to mitigate language demands (Baker,
Peterson, Pulos, & Kirkland, 2014; Peterson & Miller, 2012). In a recent meta-analysis,
Peterson and Miller (2012) found that the association between verbal skills and affective
ToM (r = 0.49; moderate) was considerably larger than the association between verbal
abilities and cognitive ToM (r = 0.29; low). Regardless of differences in magnitude, it is
apparent that crystallized verbal skills are closely linked to ToM across contexts; yet to

date few studies have examined their influence alongside other potential predictors.

Episodic Memory

While changes in episodic memory are a hallmark feature of cognitive aging,
support for an association between memory and ToM is equivocal. Several studies
report links between episodic memory and cognitive ToM; however, it is unknown
whether this relationship extends to affective ToM (Sandoz et al., 2014). Research is

limited by a restricted focus on correlational approaches where ToM is measured using
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tests that assess individuals’ inferences about details recalled from short stories (Baglio
et al. 2012; Castelli et al., 2011; Fischer et al, 2014; Maylor et al., 2002). This suggests
that episodic memory involvement may be partly an artefact of the methodology used in
story-based ToM paradigms. Studies of episodic memory and ToM also have failed to
account for other potential explanatory neurocognitive variables. This is a significant
drawback of the ToM literature and signifies that multi-predictor investigations of ToM
are needed to elucidate if memory is a relevant predictor of age differences in cognitive
and affective ToM.

As outlined in this review and in Appendix C, there is strong evidence supporting
neurocognitive performance as a key predictor of cognitive and affective ToM. At
present, firm conclusions regarding the relative importance of individual neurocognitive
domains are obscured by the array of ToM tests used and researchers’ tendency to
isolate single predictors. In this dissertation we investigated the unique and shared
contributions of executive functions, crystallized verbal abilities, and episodic memory to
age differences in cognitive and affective ToM. Because recent investigations report that
neurocognitive functions account for less than 20-30% of the variance in both cognitive
and affective ToM performance (e.g., Bernstein et al., 2011, Fischer et al., 2014) we also
investigated two categories of non-cognitive variables with the potential to explain

additional variance: Blood pressure and biological sex.

1.2.2. Blood Pressure

Hypertension, or high blood pressure (defined as systolic blood pressure = 140
mmHg and/or diastolic blood pressure = 90 mmHg; Nichols, O’Rourke, & Vlachopoulos,
2011), is a major public health concern due to its high prevalence and relation to
increased risk of disease and disability (Kearney et al., 2005). Blood pressure is
measured using two primary indicators: Systolic blood pressure (SBP) and diastolic
blood pressure (DBP). Differentiating SBP and DBP is important due to their varied
prognostic significance in older age: After age 60, elevated SBP is accompanied by
falling or stabilized DBP (Khattar, Swales, Dore, Senior, & Lahiri, 2001). High blood
pressure is the most important modifiable risk factor for cardiovascular disease and
stroke and is a leading contributor to mortality worldwide (World Health Organization,

2009). As of 2007, nearly one out of every five Canadians aged 20 to 79 was diagnosed
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with hypertension and many others thought to be unaware of their condition (Wilkins et
al., 2010). Although hypertension is a lifespan disease, prevalence rates rise
substantially in later life. The Public Health Agency of Canada (2010) estimated that
crude rates for diagnosed hypertension range from 43.4% in adults aged 60 to 64 to
71.3% in adults aged 85+, with slightly higher rates in women. Hypertension is also
highly comorbid with other chronic illness. Individuals with poorly controlled blood
pressure are more likely to experience type 2 diabetes, dyslipidemia, obesity, and renal
disease (Chobanian et al., 2003), all which are independently linked to neurocognitive
decline (Elias, Elias, Sullivan, Wolf, & D’Agostino, 2003; Thornton et al., 2007; Yaffe,
Barrett-Connor, Lin, & Grady, 2002; Yeung, Fischer, & Dixon, 2009). Epidemiological
research suggests that individuals with uncontrolled blood pressure have an elevated
risk of AD and vascular cognitive impairment compared to their normotensive peers
(Gorelick et al., 2011; Nagai, Hoshide, & Kario, 2010).

Uncontrolled blood pressure is also associated with neurocognitive difficulties
prior to the onset of stroke or dementia (Birns & Kalra, 2009). Understanding how blood
pressure impacts neurocognitive functions is critical to mitigating clinical consequences
such as reduced quality of life and loss of independence. Recent evidence suggests that
elevated SBP/DBP and low SBP/DBP may be similarly detrimental to neurocognitive
health (e.g., Birns & Kalra, 2009; Qiu, Winblad, & Fratiglioni, 2005; Yeung & Thornton,
2011). Blood pressure-related neurocognitive difficulties are often subtle but can occur
across multiple domains. Gifford and colleagues’ (2013) meta-analysis of eight cross-
sectional studies indicated that high blood pressure predicted worse performance on
cognitive screening tests (r = -.11, 95% CI [-.18 to -.04]) and worse episodic memory (r =
-.20, 95% CI [-.28 to -.12]), whereas low blood pressure predicted worse attention (r =
.14, 95% CI [.03 to .25]). Links between high SBP, high DBP, and executive functions
are also commonly reported (Birns & Kalra, 2009). What is striking about the findings of
Gifford and colleagues is that associations remained significant after adjusting for age,
education, and comorbid cardiovascular risk factors (CVRFs). The small to moderate
effects reported by these authors are consistent other work (Qiu et al., 2005; Waldstein,
2003). Another key point is that the neurocognitive domains impacted by blood pressure
overlap with those linked to poor ToM, which suggests that variable blood pressure may

similarly be associated with altered ToM performance (Fischer et al., 2014).
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Because of the risk jointly conferred by high SBP and low DBP, many
researchers advocate that a third indicator, pulse pressure (PP), is a superior marker for
current and incipient cognitive decline (Yasar, Ko, Nothelle, Mielke, & Carlson, 2011).
Calculated as SBP minus DBP, PP rises sharply with advancing age, thereby capturing
the divergent influences of SBP and DBP (Franklin, 2004). PP is considered a proxy
measure for arterial stiffening, an age-related loss of elasticity caused by structural and
cellular changes in large central arteries (Nichols et al., 2011). Independent of SBP,
DBP, and other CVRFs, high PP (> 60 mmHg) predicts cardiovascular morbidity and all-
cause mortality (Chobanian et al., 2003). High PP also predicts worse neurocognitive
performance in healthy older adults on cognitive screening and across individual
domains, including ToM (Fischer et al., 2014; Singer, Trollor, Baune, Sachdev, & Smith,
2014), and is associated with increased risk of future neurocognitive decline (McFall et
al., 2014). In the Women’s Health and Aging Study IlI, women aged 70 to 80 years with
PP = 84 mmHg at baseline had five times greater incidence of impaired executive
functions and episodic memory over the subsequent 9-years than women with lower
baseline PP (Yasar et al., 2011). Across studies, PP shows the strongest associations

with executive functions and processing speed (McFall et al., 2014).

Earlier we reported initial evidence that high PP is indirectly associated with lower
cognitive ToM (Fischer et al., 2014). This suggests that blood pressure effects may be
more consequential than previously acknowledged and extend to social-emotional
functioning. In our previous research (Fischer et al.,, 2014) we examined PP as a
modifier of cognitive ToM in 66 community-residing older adults. Reduced ToM was
associated with older age, poor episodic memory, slowed processing speed, and poor
working memory; however, associations between ToM and working memory were
attenuated when PP was added as a predictor. A novel finding of this work was that PP
modified ToM performance. Specifically, older adults with elevated PP showed the
strongest associations between reduced ToM and lower episodic memory/speed. We
also observed a direct association between high PP and worse ToM that did not meet
conventional guidelines for statistical significance within the relatively small sample (r =
-.23, p = .06). These findings draw attention to blood pressure as a potentially important

contributor to age differences in ToM performance. Thus, in this dissertation we sought
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to determine whether PP was a key predictor of cognitive and affective ToM alongside

neurocognitive performance and biological sex.

1.2.3. Sex Differences

Sex differences in ToM performance are observed early in childhood, such that
girls tend to acquire and master ToM concepts at a younger age than boys (Charman,
Ruffman, & Clements, 2002). In addition, epidemiological research shows that clinical
disorders characterized by core deficiencies in ToM are more frequently diagnosed
among boys (DSM-IV male to female diagnosis ratio: 4 to 1 in autism and 11 to 1 in
Asperger Syndrome; Gillberg, Cederlund, Lamberg, & Zeijlon, 2006). It is important to
note that evidence linking biological sex to ToM variability pertains to the acquisition and
use of affective ToM—the relationship between sex and cognitive ToM is largely
unstudied. Research supporting a female advantage on measures of affective ToM is
consistent across childhood, adolescence, and young adulthood, with some authors
suggesting this relationship may be mediated by empathy (Ibanez et al., 2013). Kirkland,
Peterson, Baker, Miller, & Pulos (2013) reported a significant female advantage in
affective ToM performance across 40 studies of typically developing adults. The mean
weighted effect size was small and not moderated by language of test administration,
country of study, or research group (i.e., Hedge's g = .18, 95% CI [.12 to .24]),
suggesting that sex differences for affective ToM were robust. These behavioural
findings are further corroborated by neuroimaging research showing that women utilize
additional brain regions underlying emotion and self-referential thinking when making

ToM inferences as compared to same-aged men (Christov-Moore et al., 2014).

In aging research, the two studies that have examined sex differences on false-
belief measures of cognitive ToM report null associations (Franco & Smith, 2013;
Sullivan & Ruffman, 2004). To our knowledge, no research has specifically examined
associations between sex and affective ToM in later life. Decisions to exclude sex as a
predictor may be influenced by the small sample sizes that are typical in aging research;
however, many aging studies report disproportionate enrolment of women. Key
guestions remain regarding the role of sex differences in explaining age differences
ToM, and whether or not it is critical process when neurocognitive performance and

health status are considered concurrently.
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1.3. The Current Study

Convergent evidence supports ToM as a complex, multidimensional construct
with overlapping, but non-identical cognitive and affective components. In the preceding
review we emphasized that possible factors supporting ToM are diverse and involve
inter-related neurocognitive, health, and demographic variables. To date research is only
beginning to examine ToM within a multidimensional framework and assess how
external variables support and maintain ToM across the lifespan. Thus, we sought to
expand directly on the findings of Fischer and colleagues (2014) to address three
primary gaps in research: (1) Using four common measures, we examined the breadth
and magnitude of age differences across cognitive and affective ToM components; (2)
We explored the multidimensional structure of ToM by identifying the neurocognitive,
vascular health, and biological sex variables that are fundamental to supporting ToM in
young and older adults; (3) By comparing the strength of association between predictors
shared between age groups, and by identifying non-shared predictors, we determined
whether age differences existed in predictors of cognitive and affective ToM.
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Chapter 2. Objectives and Hypotheses

2.1. Age Differences in Theory of Mind

Our first objective was to clarify the presence and magnitude of age differences
in ToM. We extended past research by considering multiple measures of cognitive and
affective ToM. We predicted that older adults would show poorer cognitive ToM and
poorer affective ToM than young adults. Based on previous studies (e.g., Henry et al.,
2013), we expected medium to large effect size differences by age between groups.

2.2. ldentifying Predictors of Theory of Mind

Our second objective was to identify predictors of cognitive and affective ToM.
We expected that some predictors would be consistent across age groups, while others
would apply only to older adults. Specific hypotheses are outlined in the sections below
and in Figure 2.1.

Shared Predictors (solid arrows in Figure 2.1)

First, given strong evidence linking executive functions to ToM in young and older
adults (e.g., Ahmed & Miller, 2011; Carlson & Moses, 2001; Mahy et al., 2014b), we
expected that, for both age groups, better executive functions would predict better
cognitive and affective ToM. Second, given ample research linking crystallized verbal
abilities to ToM (e.g., Baker et al., 2014; Peterson & Miller, 2012), we expected that, for
both age groups, better verbal comprehension would predict better cognitive and
affective ToM. Third, because published associations with memory are limited to
cognitive ToM (Baglio et al. 2012; Fischer et al, 2014), we expected that, for both age
groups, better episodic memory would predict better cognitive ToM. Fourth, considering

clear evidence for between sex differences on tests of affective ToM (but not cognitive
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ToM: Kirkland et al., 2013), we expected that, for both age groups, women would exhibit
better affective ToM. Fifth, given research suggesting that cognitive ToM is a
developmental precursor for affective ToM (Shamay-Tsoory et al., 2009), we expected a

moderate positive association between cognitive ToM and affective ToM across groups.
Predictors in Older Age (dashed arrows in Figure 2.1)

Given extensive literature linking uncontrolled blood pressure to neurocognitive
difficulties (Birns & Kalra, 2009; Gifford et al., 2013), we predicted that high PP would
predict worse executive functions and worse episodic memory. Expanding on our
previous research (Fischer et al., 2014) we expected that high PP would also predict
poorer cognitive and affective ToM. We anticipated these relationships for the older
sample only given the greater prognostic significance of PP in later life and the restricted

range of PP that is typically observed in early adulthood (Yasar et al., 2011).

2.3. Age Differences in Predictors of Theory of Mind

Our third objective was to identify age differences in predictors of cognitive and
affective ToM. Considering strong evidence for associations between neurocognitive
performance and ToM in advancing age (Sandoz et al., 2014), we expected that the
strength of associations between (a) executive functions and cognitive ToM, (b)
executive functions and affective ToM, and (c) episodic memory and cognitive ToM

would be significantly greater for older adults than for young adults.
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Figure 2.1 Hypothesized path model for predictors of cognitive ToM and
affective ToM.

Note. Rectangles depict observed variables. Solid single-headed arrows represent the
hypothesized direction of relationships we predicted for both age groups. Solid double-headed
arrows indicate shared error covariances. The single-headed dashed arrows represent the
hypothesized direction of non-shared associations we predicted for older adults. We present
hypotheses for free parameters only (i.e., those predictor relationships that are hypothesized and
estimated in the path model; indicated by arrows in Figure 2.1). We did not make predictions
regarding the fixed parameters given a lack of supporting theoretical rationale for associations
between these variables (i.e., possible relationships between variables that are not represented
by arrows in Figure 2.1).
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Chapter 3. Methods

3.1. Participants

We recruited two independent samples of adults living in metro Vancouver. The
older adult sample comprised 90 adults 60+ years of age through flyers posted at
community recreation facilities, free online volunteer postings, and advertisements in
local community newspapers. We recruited this broad range given increased rates of
cardiovascular illness in this cohort (Public Health Agency of Canada, 2010) and to
ensure representative sampling of the community-residing aging population. The young
adult sample comprised 93 undergraduate students aged 17 to 30 enrolled in
introductory psychology courses at Simon Fraser University (SFU). All participants met
the following inclusion criteria: (a) independently provided informed consent, (b) no
impairments in vision, hearing, or other sensory/motor functions that interfered with
testing, and (c) a minimum Grade 6 education to ensure reading level adequate for the
questionnaire and neurocognitive protocol. We screened English fluency using an
acculturation measure that examined language preferences for speaking, thinking,
reading, and writing. To be eligible, participants needed to indicate English as their
preference for at least three of these categories (see also Fischer et al., 2014; Paterson,
O’Rourke, Elmer, Shapiro, & Thornton, 2011; Thornton et al. 2007).

In addition, exclusion criteria included: (a) diagnosis of dementia or MCI by a
physician and/or a score of less than 26 on the Mini-Mental State Examination (MMSE;
Folstein, Folstein, & McHugh, 1975; Roper, Bieliauskas, & Peterson, 1996); (b) current
significant psychotic illness; (c) current iliness or organ failure known to affect the central
nervous system (e.g., kidney failure; Parkinson’s disease, Huntington’'s disease,
epilepsy); (d) history of significant stroke; (e) history of significant head injury (defined by
a loss of consciousness > 15 minutes); or (f) alcohol consumption of greater than 3
drinks daily. We established these criteria based on past research documenting these

variables to negatively influence neurocognitive performance and/or attenuate effects
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attributable to blood pressure. We screened for visual acuity with a set lower limit of

20/70 in both eyes (corrected or non-corrected).

Prior to data analysis, we excluded five participants (4 young, 1 older) following
examiners’ notes documenting low or inconsistent effort during neurocognitive testing.
Based on initial data screening (Cook’s D, standardized DFBETAS, scatterplots of
externally studentized residuals against centred leverage values), we excluded seven
participants who were extreme multivariate outliers across the set of dependent
variables (3 young, 4 older; see Appendix D). Thus, our final sample comprised a total of
171 participants (86 young adults, 85 older adults). Appendix D, Figure D1 presents

detailed information about participant recruitment and screening strategies.

3.2. Materials and Assessment Procedure

After obtaining informed consent, we tested all participants individually on a two
and one-half hour battery that assessed standard neurocognitive functions and ToM.
Trained graduate students and an undergraduate honour’s student conducted all of the
testing under the supervision of Dr. Wendy Thornton. Testing was conducted in quiet
rooms at the SFU Burnaby or SFU Surrey campuses, dependent on participants’ travel
preferences. Prior to the testing session, participants completed questionnaires
assessing background demographics, medical history, and self-ratings of current
depressive and anxiety symptoms. We standardized the administration order of our test
battery: At the start of each session, prior to any neurocognitive testing, we measured
participants’ resting blood pressure. We then administered the various neurocognitive
and ToM measures. Young adults (students) received course credit for their
participation, and older adults received a $20 honorarium. All protocol included in this
study was pre-approved by the SFU Research Ethics Board.

3.2.1. Blood Pressure Protocol

At the start of the testing session, we obtained four blood pressure readings for
each participant on the non-dominant arm unless medically contraindicated. We

measured blood pressure using an automatic oscillometric upper arm monitor validated
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by the British Hypertension Society (Microlife BP 3AC1-1PC). Participants sat quietly
with their feet flat on the floor. We took an initial reading to ensure comfort and familiarity
with the procedure. After a five-minute rest break, we took three additional readings
separated by one-minute rest intervals. This procedure adheres to published standards
for in-office research blood pressure assessment (Campbell, Joffres, & McKay, 2005).
As an outcome measure, we calculated the average PP (SBP — DBP) over the final three
readings for each participant.

3.2.2. Questionnaire Protocol

Demographics and Health

We administered a self-report questionnaire addressing participant demographics
and history of medical iliness and treatment. We were specifically interested in obtaining
information about current diagnoses of hypertension and other CVRFs (i.e., type 2
diabetes, dyslipidemia, cardiovascular disease), and where possible, verification of
diagnosis by prescription treatment and/or lifestyle interventions. We requested that
participants bring in the pill bottles or pharmacy receipts of any current medications for

verification purposes.
Depressive and Anxiety Symptoms

We used the Center for Epidemiologic Studies Depression Scale (CES-D;
Radloff, 1977) to assess self-reported depressive symptoms. The CES-D consists of 20
items that assess depressive affect, somatic symptoms, self-ratings of wellbeing, and
interpersonal adjustment over the preceding one-week. Participants rated each item on
a 4-point scale according to how often a symptom was experienced: 0 = rarely or none
of the time to 3 = most or all of the time. Raw scores greater than or equal to 16/60 are
suggested to demarcate clinically significant depressive symptoms (Radloff, 1977). ltems
comprising the CES-D have high internal consistency reliability in community-residing
Canadian adults aged 19 to 91 (a = .87; Paterson et al., 2011).

We used the Multidimensional Anxiety Questionnaire (MAQ; Reynolds, 1999) to

assess self-reported anxiety symptoms. The MAQ consists of 40 items that assess
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physiological symptoms of anxiety, social withdrawal, feelings of worry and/or fear, and
negative affect over the preceding one-month. Participants rated each question on a 4-
point scale from 1 = almost never to 4 = almost all of the time. Raw scores range from 40
to 160 and can be converted to T-scores and compared to normative community and
college-based samples to indicate severity of anxiety. T-scores of 64 to 70 indicate
moderate clinical anxiety and T-scores greater than 71 indicate severe clinical anxiety.
Items comprising the MAQ have very high internal consistency (a = .96) in both
community and clinical samples (Reynolds, 1999).

3.2.3. Neurocognitive Protocol

Executive Functions and Attention

We used the Color-Word Interference subtest from the Delis-Kaplan Executive
Function System to assess response inhibition (DKEFS CW; Delis, Kaplan, & Kramer,
2001). The baseline conditions of this measure required participants to name the colours
of printed ink squares (C1) and read printed words (C2) as quickly as possible. In the
inhibition condition (C3), participants viewed a page of colour words printed in
discordantly coloured ink. They were instructed to name the colour of each printed word
while supressing their automatic response to read the word itself. We recorded
participants’ latency to perform each condition in seconds. As recommended by Delis
and colleagues (2001), we subtracted the latencies of C3 - C1 to obtain a non-speeded
measure of response inhibition. We reversed-coded scores so that higher scores
indicated better performance. DKEFS CW items have adequate internal consistency
reliability (a = .75; Delis et al., 2001), though it is suggested that contrast score reliability
may be weaker among older adults (e.g., a = .70 for adults aged 20 to 49 years, and a =
.21 in adults aged 50 to 89 years: Crawford, Sutherland, & Garthwaite, 2008).

We also used the Letter-Number Sequencing subtest from the Wechsler Adult
Intelligence Scale — 3" Edition to measure working memory (WAIS-IIl LN; Wechsler,
1997). This measure required participants to listen to sequences of numbers and letters
and recall each sequence in alphanumeric order. We used the number of sequences
correctly recalled as our outcome measure of working memory. Items comprising the

WAIS-III LN subtest demonstrate adequate test-retest reliability in adults aged 52 to 80
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years (two-week interval: r = .75 and four-week interval r = .74; Lemay, Bédard,
Rouleau, & Tremblay, 2004).

To measure basic auditory attention, we used the WAIS-III Backward Digit Span
subtest (WAIS-III DS; Wechsler, 1997). This measure required participants to listen to
sequences of numbers and recall each sequence in the reverse order that it was heard.
We used the number of sequences correctly recalled as our outcome measure of
auditory attention. Items from the WAIS-III DS subtest demonstrate high internal

consistency across clinical populations (a = .92; Zhu, Tulsky, Price, & Chen, 2001)*.
Verbal Comprehension

We used the Kaufman Brief Intelligence Test — 2" Edition Verbal Knowledge
subtest (KBIT-2 VK; Kaufman & Kaufman, 2004) to measure receptive verbal skills. With
this measure, participants viewed pages containing six pictures each. Examiners read
one word per page, and participants indicated which picture best represented the
meaning of each target word. We used the number of correctly identified target words as
our outcome measure of verbal comprehension. Items comprising the KBIT-2 Verbal
Scale demonstrate high internal consistency reliability (a = .91). Similarly, test-retest
reliability (four-week interval) is excellent for adults aged 22 to 59 years (a = .89) and
those aged 60 to 89 years (a = .92) (Kaufman & Kaufman, 2004)°.

Episodic Memory

We used the California Verbal Learning Test-Il to measure verbal episodic
memory (CVLT-Il; Delis, Kramer, Kaplan, & Ober, 2000). Participants learned 16 words
over five trials. Recall was assessed after each learning trial, after a very brief delay, and
again after a 20-minute delay. We used the following scores as our outcome measures
of episodic memory: The total items learned over trials 1-5 (learning), the total items
recalled at a short delay free recall trial (short-term verbal retention), and the total items

recalled at a long delay free recall trial (long-term verbal retention). Iltems comprising the

* Includes both Forward (not used in this dissertation) and Backward Digit Span subtests.
® Includes both Verbal Knowledge and Riddles (not used in this dissertation) subtests.
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CVLT-Il demonstrate good internal consistency in healthy adults aged 16 to 88 years
(.80 < a < .84; Woods, Delis, Scott, Kramer, & Holdnack, 2006).

3.2.4. Theory of Mind Protocol

Strange Stories Test

We used the Strange Stories test to assess participants’ understanding of
advanced cognitive ToM concepts (Happé et al., 1998; hereafter referred to as
STORIES). This test was originally developed for use in research among individuals with
autism spectrum disorder (Happé, 1994), but is now one of the most commonly used
measures to assess ToM in aging (Henry et al., 2013). Consistent with procedures
outlined in Fischer et al., 2014, we selected eight ToM stories from those published by
Happé and colleagues (1998) based on aging-relevant content. The stories required
participants to reason about a variety of meta-cognitive mental states (e.g., decide
whether a character was lying, infer the intentions of a character playing on another
character's sympathy). Participants viewed the stories alongside black and white
drawings depicting significant story details. We encouraged participants to take the
reading time necessary to ensure complete understanding. For each story, once
participants indicated that they had read and understood its content, we asked one
critical question to assess mental state reasoning: Why did [the character] say/do that?
We recorded responses verbatim and scored them according to criteria published by
Happé and colleagues (1998): 2 = complete and accurate response, 1 = partial or
implied response and 0 = incorrect or irrelevant response. When more than one answer
was provided we credited the most accurate response. Similarly, if a response contained
both mental state and non—mental state inferences, it was scored for the mental state.
We used the total summed score as an outcome measure of cognitive ToM. We provide

examples of the stories used and associated response criteria in Appendix E, Table E1.
Reading the Mind in the Eyes Test

We used the revised version of the RMET to assess participants’ understanding
of advanced affective ToM concepts (Baron-Cohen et al.,, 2001). The RMET was

developed for use in autism research but is now routinely used to assess variability in
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affective ToM in both child developmental and adult research (Kirkland et al., 2013).
Participants viewed 36 black-and-white photographs of the eye region of human faces.
Each pair of eyes was standardized for size (15 cm x 6 cm) and portion of the face that
was shown (top of eyebrows to midway down the ridge of the nose). Participants
selected from four possible descriptors the word they felt best represented the emotional
mental state depicted in each set of eyes. We provided participants with a glossary of all
descriptors and encouraged them to reference this at any point throughout the test.
Participants made their responses by circling their choice of descriptor on a response
sheet. We allowed patrticipants to take as much time as needed to complete the test. We
scored responses as correct (1-point) and incorrect (0-points) and used the total
summed score as an outcome measure of affective ToM. We provide examples of

stimuli used in the RMET in Appendix E, Figure E1.

Yoni Test

We used the Yoni Test (Shamay-Tsoory & Aharon-Peretz, 2007) as a third
measure of simple and advanced ToM concepts. This measure contains nested
cognitive and affective ToM test conditions—that is, the two conditions are completed
within a single administration and are standardized to differ only by cognitive and
affective content. The Yoni Test is used widely in neuroimaging research with young and
older adults (e.g., Schlaffke et al., 2015; Shamay-Tsoory & Aharon-Peretz, 2007) and
more recently in several neuropsychological studies assessing ToM in clinical
populations (e.g., AD and bvFTD: Narme et al.,, 2013a; PD: Narme et al., 2013b).
Protocol and instructions for the Yoni Test are publically available at
http://sans.haifa.ac.il/downloads.html.

We adapted the original protocol for computer administration using E-Prime 2.0
software (Schneider, Eschman, & Zuccolotto, 2002) and to reflect content specific to our
primary objectives. Specifically, we modified four of the original trials (two cognitive, two
affective) as teaching trials to facilitate participants’ familiarity with the task format. We
also removed an additional 12 trials whose content reflected competitive emotions such
as “gloat” and “envy,” thereby evaluating participants’ knowledge of the consequences of
another person’s fortune, rather than pure reasoning about cognitive and affective

mental states (see Shamay-Tsoory, Tibi-Elhanany, & Aharon-Peretz, 2007).
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After these madifications, the Yoni Test version used in this study comprised 34
trials that assessed first- and second-order cognitive ToM (YONI C-TOM) and 33 trials
assessing first- and second-order affective ToM (YONI A-TOM). In each trial,
participants viewed a character named Yoni who was surrounded by four coloured
pictures belonging to a single category (e.g., fruits, chairs, transportation, faces).
Participants selected which picture Yoni was referring to in his mental state, based on
information conveyed in simple sentences and facial cues such as eye gaze or mouth
expression. For a subset of trials, Yoni’'s eye gaze was directed straight ahead (~35%
trials) or toward an incorrect target (~5% trials), to ensure that participants understood
the task and did not respond solely to gaze direction without considering other cues. For
the cognitive ToM trials, all cues were emotionally neutral, whereas for the affective ToM
trials, facial and verbal cues comprised positive and negative valences. Participants
were allowed as much time as needed to complete the measure. We scored responses
as correct (1-point) versus incorrect (0-points) and used the total summed scores for
YONI C-TOM and YONI A-TOM as our outcome measures representing cognitive and

affective ToM. We provide examples of Yoni Test protocol in Appendix E, Figure E2.

Table 3.1 Summary of Neurocognitive Measures by Conceptual Domain
Domain/subdomain Measure(s) Acronym
Executive Functions & Attention
Response inhibition DKEFS Color-Word Contrast Score DKEFS CW
Working memory WAIS-III Letter Number Sequencing WAIS LN
Basic auditory attention WAIS-IIl Backwards Digit Span WAIS DS
Crystallized Verbal Abilities
Verbal comprehension KBIT-2 Verbal Knowledge KBIT VK
Episodic Memory
Learning CVLT-Il Trials 1-5 CVLT 15
Short-term verbal retention CVLT-II Short Delay Free Recall CVLT SDFR
Long-term verbal retention CVLT-Il Long Delay Free Recall CVLT LDFR
Theory of Mind
Cognitive ToM Strange Stories STORIES
Yoni Test — Cognitive ToM trials YONI C-TOM
Affective ToM Reading the Mind in the Eyes Test RMET
Yoni Test — Affective ToM trials YONI A-TOM
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Chapter 4. Analytic Strategy

4.1. Data Preparation

We inspected the data for fit between the distributions of variables of interest and
the assumptions of path analysis® (see Appendix D). Rates of missing data were
negligible: Total missing data equalled seven out of approximately 3600 cells (or ~
.001%). We imputed these cells by linear interpolation using ordinary least squares
regression to predict the missing values from the last complete observation prior to the
missing data and the first complete observation after the missing data. We conducted
analyses on the imputed data with a final N = 171. For all analyses we used SPSS 22.0
(IBM Corp, 2013) and AMOS 21.0 software (IBM Corp, 2012).

4.2. Sample Characterization & Initial Analyses

Prior to addressing our primary objectives, we examined group differences in
participant health and demographic characteristics. To characterize the sample we
examined the following variables known to influence blood pressure and/or

neurocognitive performance: CVRFs commonly comorbid with hypertension (type 2

® Path analysis holds a number of requirements concerning the nature of the data and the
theoretical model itself. As summarized in O’Rourke & Hatcher (2013), assumptions concerning
the nature of the data require that: (a) predicted variables should be assessed on interval or
ratio levels of measurement; (b) predicted variables should be continuous and assume a
minimum of five values; (c) data should assume a multivariate normal distribution and any
deviations from normality should be addressed using transformation or the deletion of outliers;
(d) variables should be free of multi-collinearity; and (e) variables should be measured without
error. Note that condition (e) cannot be assumed for many of our neurocognitive tests. To
control for this, we modeled error terms with each predicted variable as recommended by
O’Rourke & Hatcher (2013) and Byrne (2013). Assumptions concerning the theoretical model
include: (a) relationships among variables should be linear and additive; (b) all known and non-
trivial predictors should be included in the model as independent variables; and (c) the model
must be over-identified (i.e., contains more correlations than predictor variables).
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diabetes, dyslipidemia, cardiovascular disease: Anderson, Odell, Wilson, & Kannel,
1991; Elias et al.,, 2003; Yaffe et al., 2002; Yeung et al., 2009); body mass index
(Gunstad et al., 2007); alcohol consumption (Sesso, Cook, Buring, Manson, & Gaziano,
2008); use of anti-hypertensive medication (Gorelick et al., 2011); educational attainment
and English as an additional language status (Heaton, Ryan, & Grant, 2009); depressive
and anxiety symptoms (Castaneda, Tuulio-Henriksson, Marttunen, Suvisaari, &
Lonngvist, 2008). We analyzed age group differences and effect sizes for these
variables and our neurocognitive variables using chi-squared tests/coefficient phi for
categorical variables (small ES ® < .10; medium ES ® = .30; large ES ® = .50) and
independent samples t-tests/Cohen’s d for continuous variables (small ES d < .20;
medium ES d = .50; large ES d = .80; very large ES d = 1.30; Cohen, 1988).

Given very little published data on psychometric properties of ToM tests we
examined score reliability for measures used in this dissertation. To ensure that
individual items reflected the same construct as their respective scale scores, we deleted
those items with low response variability or negative/very low item-total correlations (i.e.,
r < .10; Meyers, Gamst, & Guarino, 2013). Once these items were removed we
assessed the reliability of the remaining items for each measure. For the RMET, YONI
C-TOM, and YONI A-TOM we computed intraclass correlation coefficients (ICC) to
determine internal consistency. For the STORIES we computed ICC estimates to
determine the level of agreement between the three raters who independently scored
participants’ responses. For all estimates, we computed ICC coefficients using a two-
way mixed model for absolute agreement (Shrout & Fleiss, 1979). Finally, to reduce the
number of independent variables in the path models in a meaningful way, we created
composite variables by summing the z-scores of the ToM and neurocognitive variables,
respectively, based on theoretical dissociations among constructs in neuropsychological

and cognitive aging literature.
4.3. Primary Research Objectives

First, to evaluate the presence and magnitude of age differences in cognitive and

affective ToM, we used independent samples t-tests to identify age differences in
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performance across the individual and composite ToM variables. Effect sizes for these

contrasts are reported as Cohen’s d (Cohen, 1988).

Second, to identify predictors of cognitive and affective ToM in each age group,
we used path analysis to examine the fit of the hypothesized model in Figure 2.1 to the
young and older data, using separate models for each age group (Byrne, 2013). We also
considered whether alternative models resulted in a better fit (i.e., the addition or
deletion of a predictor or path from Figure 2.1). We made decisions about alternative
models by evaluating the size and direction of the expected change (EC) statistics and
moadification indices (MI) (Saris, Satorra, & Sérbom, 1987). As per the recommendations
of Byrne (2013), our final models were those that maximized the following criteria: (1)
overall fit to the data; (2) meaningfulness within the ToM literature; (3) theoretical
relevance; (4) parsimony. Once a good fitting model was identified we interpreted the

beta weights for the individual predictors of ToM.

We evaluated model fit using three goodness-of-fit statistics based on the
recommendations of Byrne (2013) and O’Rourke and Hatcher (2013): (1) the
Comparative Fit Index (CFI) to evaluate incremental fit (i.e., the extent to which the
hypothesized model fits the sample data); (2) the Root Mean Square Error of
Approximation (RMSEA) and its associated confidence intervals (Cl) to evaluate
parsimony fit (i.e., the extent to which the hypothesized model fits the population data);
(3) the Standardized Root Mean Square Residual (SRMR) to assess absolute fit (i.e.,
comparison between the fit of the hypothesized model versus no model). For CFl, values
greater than .95 indicate good fit between the model and sample data (Byrne, 2013). For
RMSEA and SRMR, values below .055 denote “good” model fit and less than .08 are
considered adequate (Browne & Cudeck 1993; O’'Rourke & Hatcher, 2013).

Finally, we used partial invariance analyses to test the equivalence of any
predictors of ToM that were nested between age groups (i.e., group differences in
predictors; Byrne, 2004, 2013). We first tested the fit of the final models for each age
group in a single multi-group analysis. Results from this step reflected how the
hypothesized predictors fit the data with no cross-group constraints imposed and served
as a baseline fit value against which we compared all subsequent models. We then

assessed whether any shared predictors were invariant (i.e., equivalent across groups)
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by testing a hierarchy of nested models and specifying that the beta weights of
predictors be held equal across models for each age group. We tested the models in an
increasingly restrictive fashion wherein we cumulatively held in place the constraints for
invariant predictors, thereby providing a rigorous test of cross-group equality (Byrne,
2004). We evaluated incremental fit by comparing the change in chi-squared values
(Ax®) between each model and the baseline fit to our a priori criteria of a < .05 for each
change in the degrees of freedom. For any model, a significant Ax* suggested a
statistically meaningful age group difference in the regression path under question
(Byrne, 2004, 2013).

Table 4.1 Interpretative Guidelines for Goodness-of-Fit Statistics
Fit Statistic Interpretation

CFl Values > .95 indicate good model fit

SRMR Values < .055 indicate good model fit

RSMEA Values < .055 indicate good model fit
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Chapter 5. Results

5.1. Initial Analyses

5.1.1. Sample Characteristics

In Table 5.1 we present demographic and health data by age group. The
samples were equivalent in sex distribution, but differed in other demographic variables.
Similar proportions of young and older participants were born in North America;
however, young adults had more ethnically diverse backgrounds (® = .55; large ES) and
were more likely to report speaking English as an additional language (EAL) (® = -.20;
medium ES). Young adults endorsed greater symptoms of depression (mean = 11.87,
SD = 7.96, d = .70; medium ES) and anxiety (mean = 66.45, SD = 14.39, d = .97, large
ES). Totals of 26.7% of young and 10.5% of older adults met the cut-off for clinical
depression (16/60; Radloff, 1977: x* = 7.34 [df = 1], p < .01, ® = -.20; medium ES).
Similarly, 12.7% of young and 8.2% of older adults displayed at least moderate clinical
anxiety (T-score < 64; Reynolds, 1999: x* = .94 [df = 1], p = .33; ® = -.07; small ES).
Higher emotional distress among university samples is often reported and may reflect

different situational stressors or better emotional regulation in older age (Jorm, 2000).

The older sample was cognitively healthy, as evidenced by clinically non-
significant mean MMSE scores (i.e., mean = 29/30; see Roper et al., 1996). As expected
with advancing age, older adults had greater diagnosed CVRFs (|.22 < ® < .44|; medium
ES). Also as expected, older adults also had higher rates of diagnosed hypertension (®
= .48) and higher average SBP, DBP, and PP (|.83 < d < 1.33|; large to very large ES).
These patterns are consistent with published linear trends for worsened cardiovascular
health with advancing age (e.g., Chobanian et al., 2003; Dahle, Jacobs, & Raz, 2009).
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Table 5.1

Demographic and Health Characteristics by Age Group

Participants (N =171) XAt Effect Size
Variable Young Adults  Older Adults d (0]
(n=86) (n=185)
Age 19.80 (2.24) 71.40 (5.46)
Range 17-27 64 - 87
Education? 13.26 (1.21) 14.33 (2.27) -3.87*** 51
Range 12-16 9-20
Female® (%) 73.3 69.4 0.31 -.04
Ethnicity® (% Caucasian) 45.3 95.3 50.95*** .55
Birthplace® (% foreign born) 23.3 32.9 1.99 -1
EAL® (%) 27.9 11.8 6.99** -.20
MMSE - 29.16 (1.12) -
CES-D- 11.87 (7.96) 6.82 (6.27) 461 .10
MAQ?2 66.45(14.39)  53.79 (11.16) 6.43** 97
SBP (mmHg)? 111.83(10.91)  129.82 (15.36) -8.84*** 1.35
Range 92-140 95-171
DBP (mmHg)? 67.74 (6.75) 74.51 (8.98) -5.57*** .85
Range 54 - 87 58-99
PP (mmHg): 44.08 (8.11) 55.16 (12.60) -6.84** 1.05
Range 25-67 34-85
Cardiovascular Risks (% diagnosed)
Hypertension® 37.6 39.83*** 48
Type2 diabetes® 8.2 7.39* 21
High cholesteroP 2.3 34.1 29.11% 41
CcvDr 0 15.3 14.24*** 29
Anti-HTN use® 0 30.6 31.02 43

Note: We present means and standard deviations as M (SD). Birthplace (% foreign born) = reported
birthplace outside of North America; EAL = reported English as an additional language; MMSE = Mini-

Mental Status Examination (range = 0 to 30); CES-D = Centre for Epidemiological Studies Depression Scale

(range: 0 to 60); MAQ = Multidimensional Anxiety Questionnaire (range = 40 to 160); SBP = mean systolic
blood pressure; DBP = mean diastolic blood pressure; PP = mean pulse pressure; CVD = cardiovascular
disease. Anti-HTN use = current confirmed use of anti-hypertensive medication.

ap value and Cohen’s d derived from t-test (continuous data; small ES < .20; medium ES = .50; large ES =
.80; very large ES = 1.30). ®p value and phi coefficient (¢p) derived from y?2 test (binary categorical data;
small ES < .10; medium ES = .30; large ES = .50; Cohen, 1988).

*0 < .05, **p < .01, **p <.001.
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5.1.2.  Reliability of Theory of Mind Measures

We examined item-level properties of our ToM measures. We deleted 22 out of
111 original items (or 19.8%) that demonstrated poor response variability or very low
item-total correlations (i.e., r < .10; Meyers et al., 2013), as it was questionable whether
these items reflected the same construct assessed by the total scores (see Appendix F,
Table F1). The percentage of items we deleted per ToM measure is similar to that
reported by other authors (e.g., Séderstrand & Almkvist, 2012). We then calculated scale
reliability. Across the full sample, reliability for cognitive ToM measures ranged from
good to excellent: STORIES test items demonstrated excellent inter-rater agreement
across three independent raters (ICC3, = .95; after deleting one item with poor
response variability), and YONI C-TOM test items demonstrated good internal
consistency (ICC,) = .86, after deleting three items with poor response variability and
three items with low item-total agreement). Reliability for affective ToM measures was
lower: YONI A-TOM test items demonstrated adequate internal consistency (ICC1) =
.74; after deleting two items with poor response variability and three items with low item-
total agreement) and RMET test items demonstrated poor internal consistency (ICC 1
=.48; after deleting two items that poorly discriminated among foil and target response
options and eight items with low item-total agreement). Table 5.2 summarizes the final
psychometric properties after item deletion. While our estimates are lower than
recommended psychometric standards (Henson, 2001), they are comparable to other
recently published data on affective ToM measures (e.g., internal consistency reliability:
a = .64, Soderstrand & Almkvist, 2012, a = .61, Vellante et al., 2013; test-retest reliability
[one-year interval] ICC = .63; Fernandez-Abascal, Cabello, Fernandez-Berrocal, &

Baron-Cohen, 2013). Further discussion of ToM reliability is presented in Appendix G.
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Table 5.2 Psychometric Properties for the Theory of Mind Measures

Test Possible Actual score Internal consistency Inter-rater agreement
score range range ICC[95% Cl]a ICC[95% CI]P

STORIES 0-14 5-14 - .95 [.93, .95]

RMET 0-26 9-25 0.48 .36, .59] -

YONI C-TOM 0-28 10-28 0.86[.83, .89] -

YONI A-TOM 0-28 16-28 0.74 .68, .80] -

aFor the RMET, YONI C-TOM, & YONI A-TOM measures, we present internal consistency as the intraclass
correlation coefficients ICC3,1) for mixed effects models (average measures).

®For STORIES, we present inter-rater agreement as the intraclass correlation coefficient, ICC3 1) for a mixed
effects model (average measures) assessing the consistency between three independent raters.

5.1.3.  Descriptive Analyses and Data Reduction

Theory of mind data

Univariate statistics were within acceptable ranges for each ToM measure;
however data for Yoni Test data had negatively skewed distributions (see Appendix F,
Table F2; Tabachnick & Fidell, 2013). Based on supporting theory, we created
composite measures of cognitive and affective ToM by converting data on the individual
measures to z-scores and summing them (Edgington, 1995). The Cognitive ToM
composite included items from the two measures that assessed inferences to meta-
cognitive mental states (STORIES & YONI C-TOM), and the Affective ToM composite
included items from the two measures that assessed inferences to emotional mental
states (RMET & YONI A-TOM). The z-score composites had good univariate properties,
thus stabilizing potential influences of skewness in the raw data (Tabachnick & Fidell,
2013). To better understand the implications of data reduction and to assess potential
interpretive advantages, we compared the results obtained using z-score composites
with logarithmic and square root transformed data. No meaningful difference was
observed. Thus, we retained the z-score composites for all analyses as this provided the

most parsimonious interpretation of our results in the context of existing ToM literature.

Table 5.3 presents inter-test correlations between ToM measures for the full

sample. The degree of association between measures of cognitive ToM was very low or
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absent (r = .17, p = .02), whereas the association between measures of affective ToM
was low (r = .24, p < .01; classified via O’'Rourke et al., 2005). The generally low inter-
test associations we observed are consistent with estimates published in other recent
research (e.g., .11 <r < .14, Ahmed & Miller, 2011; .34 <r < .42, Bailey & Henry, 2008; -
.01 < r < .42, Phillips et al.,, 2002; r = .27, Rakoczy et al.,, 2012), and may reflect

measurement error or poor test design (see discussion for details).

Table 5.3 Correlation Matrix for Theory of Mind Variables

STORIES RMET YONIC-TOM YONIA-TOM COGNITIVE TOM

Full Sample
STORIES -
RMET AT* -
YONI C-TOM 19* 14 -
YONI A-TOM 14 24 J0% -
Cognitive ToM T7* 20* JT* 55 ** -
Affective ToM 20* J9* 53 9 A7

Note: Cognitive ToM and Affective ToM reflect the composite z-score variables. For all variables higher
scores indicate better performance.

*0<.05, *p < .01, **p < .001.

Neurocognitive Variables

Table 5.4 presents mean scores by age group across the individual
neurocognitive measures. As expected, young adults outperformed older adults on all
measures, except verbal comprehension, where older adults performed better (d = 1.89;
very large ES). The magnitude of age differences was large (d = .80; learning and
memory, working memory) to very large (d = 1.30; inhibition). Age differences in simple
auditory attention approached a medium effect size (d = .48). This pattern of results is
consistent with past research examining age differences in cognitive performance (Drag
& Bieliauskas, 2010; Salthouse, 2010).

36



Table 5.4 Mean Neurocognitive Performance by Age Group

Test Young Older t-test Effect Size Correlation
(n=86) (n = 85) with age

Mean Mean t p d r
(SD) (SD) [95% CI]

KBIT VKa 49.20 55.01 -12.29 <.01 1.90 .68
(3.41) (2.71) [1.44,2.36]

CVLT 15 55.85 45.25 7.24 <.01 1.12 =51
(6.66) (11.77) [.31, 2.54]

CVLT SDFR? 12.57 9.11 7.70 <.01 1.19 -52%*
(2.42) (3.38) [.75, 1.62)]

CVLT LDFRe 12.72 9.72 6.55 <.01 1.01 - 46"
(2.42) (3.47) [.57, 1.46]

WAIS LN 11.91 9.59 6.14 <.01 95 - A44%
(2.69) (2.22) [.58, 1.31]

WAIS DS 7.95 6.86 3.10 <.01 48 -.23*
(2.40) (2.19) [14, .82]

DKEFS CWe» 17.94 32.80 9.93 <.01 1.53 -.62"*
(6.27) (12.31) (.80, 2.99]

Note: KBIT VK = KBIT-2 Verbal Knowledge (range: 0 to 60); CVLT 15 = CVLT-Il Trials 1-5 (range: 0 to 80);
CVLT SDFR = CVLT-II Short Delay Free Recall (range: 0 to 16); CVLT LDFR = CVLT-Il Long Delay Free
Recall (range: 0 to 16); WAIS LN= WAIS-III Letter Number Sequencing (range: 0 to 21); WAIS DS = WAIS-
Il Backwards Digit Span (range: 0 to 15); DKEFS CW = DKEFS Color-Word Interference Contrast Score.
All measures except that noted in (b) below are coded so that higher scores indicate better performance.
Correlations with age are represented as Pearson’s r correlation coefficients for the association between
each variable and age group (0 = young adults; 1 = older adults).

alnequal variances assumed.- p value and Cohen'’s d derived from t-test (continuous data; small ES < .20;
medium ES = .50; large ES = .80; very large ES = 1.30; Cohen, 1988).

bDKEFS CW scores are a timed contrast measure. On this measure higher scores in the Mean (SD)
columns indicate slower or worse performance. These scores were reverse coded to calculate the
correlation with age (last column) and for all primary analyses to maintain a consistent metric with the other
neurocognitive scores (i.e., where higher scores represent better performance).

*p<.05 *p<.01,**p<.001.
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Table 5.5 presents inter-test correlations among the neurocognitive measures for
the full sample. Because detailing precise relationships between ToM and specific
neurocognitive abilities was not our central aim and to meaningfully reduce the number
of independent variables for path analysis, we created composite neurocognitive
variables based on theoretical distinctions (e.g., Salthouse, 2009). Individual patterns of
correlations supported this procedure: The three executive functioning measures
displayed low to moderate associations (|.26 <r < .41|), and the three memory measures
displayed moderate to high associations (|.40 < r < .87|; classified via O’'Rourke et al.,
2005). We distinguished between composites of Learning & Memory and Executive
Functions for the following reasons. First, there is strong theoretical rationale that
episodic memory and executive functions are separate constructs that also display
differential relationships with age and with brain morphology (e.g., Dahle et al., 2009;
Salthouse, 2009). Second, these domains are differentially related to variability in ToM
performance in both young and older adults (Fischer et al., 2014; Mahy et al., 2014b;
Sandoz et al., 2014). To this end, we converted created summed z-score composites
representing Learning & Memory (CVLT 15, CVLT SDFR, & CVLT LDFR) and Executive
Functions (WAIS LN, WAIS DS & DKEFS CW,; Edgington, 1995). These composites

were used to index neurocognitive performance in all subsequent analyses.

Correlations

Table 5.6 presents Pearson correlation coefficients between cognitive ToM,
affective ToM, age, Learning & Memory, Executive Functions, and PP. Associations with
sex (M/F) reflect Spearman’s rank-order correlations. Given extensive research
documenting age differences in the neurocognitive and blood pressure predictors (e.g.,
Dahle et al., 2009; Salthouse, 2010) we present correlations separately by age group.
These correlations provided an indication of associations between the neurocognitive
predictors and PP on ToM without accounting for demographics. For correlation matrices

between ToM and additional variables of interest see Appendix F, Table F4.
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Table 5.5 Correlation Matrix for Neurocognitive Variables

KBIT VK CVLT15 CVLTSDFR CVLTLDFR  WAISLN WAIS DS

Full Sample
KBIT VK
CVLT 15 30 -
CVLTSDFR .27 81 -
CVLTLDFR .30*** a8 87
WAIS LN 26 49 40 40
WAIS DS 22" 22" 27" 31 A1
DKEFScw  .20™ 357 26 28 32 26"

Note: KBIT VK = KBIT-2 Verbal Knowledge; CVLT 15 = CVLT-Il Trials 1-5; CVLT SDFR = CVLT-II Short
Delay Free Recall; CVLT LDFR = CVLT-II Long Delay Free Recall; WAIS LN= WAIS-III Letter Number
Sequencing; WAIS DS = WAIS-IIl Backwards Digit Span; DKEFS CW = DKEFS Color-Word Interference
Contrast Score. All measures are coded so that higher scores represent better performance. All reported
associations represent Pearson correlation coefficients.

*0<.05, *p < .01, **p < .001.
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Table 5.6 Correlation Matrices for Theory of Mind, Neurocognitive Variables, and Pulse Pressure by Age Group

Cognitive ToM Affective ToM Age Sexa Memory Executive Functions

Young Adults

Cognitive ToM -

Affective ToM 43+ -

Age -.04 0 -

Sex (MIF)2 -15 01 -12 -

Memory 21 A A7 -10 -

Executive Functions .28 23" A7 -.06 424 -

PP -13 -13 -.05 -.56*** -.06 -.02
Older Adults

Cognitive ToM -

Affective ToM o) -

Age -.24" -.29™ -

Sex (M/F)z =17 12 -.02 -

Memory 28" 37 -.26* 53 -

Executive Functions .39™* 42 -.24* 16 53 -

PP -.29** -14 16 28" .05 -21*

Note: Cognitive ToM and Affective ToM reflect composite z-score variables. Memory = Learning & Memory z-score composite; Executive Functions = Executive
Functions z-score composite. For ToM and all neurocognitive variables, higher scores represent better performance. We report age in years and sex as 0 = male,
1 =female.

aAll reported associations are presented as Pearson correlation coefficients; except for associations with sex (M/F), which reflect Spearman’s rank correlation
coefficients.

*0 <.05, **p <.01, **p < .001.
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5.2. Primary Research Objectives

5.2.1. Age Differences in Theory of Mind

Our first objective was to characterize the presence and magnitude of age
differences in cognitive and affective ToM. As predicted, young adults outperformed
older adults across all individual ToM measures. Figure 5.1 depicts the percentage of
accurate responses by age group and the associated 95% confidence intervals (error
bars) on each of the STORIES, RMET, YONI C-TOM, and YONI A-TOM variables. In
Table 5.7 we present mean age differences for each measure and the corresponding
effect sizes. As predicted, effect sizes for cognitive ToM ranged from medium to large
(STORIES d = .75; YONI C-TOM d = 1.10), and effect sizes for affective ToM were
consistently large (RMET d = .86; YONI A-TOM d = 1.16). We observed the same
pattern across the composite ToM variables, indicating that age differences in cognitive

and affective ToM were robust and relatively equal in magnitude.

100 -
OYounger (n = 86)
OOlder (n = 85) T I
90 A I
I |
L [ [ 1
Percent g . 1
Accuracy l
T
| |
70 A J_
60 T T T 1

STORIES RMET YONI C-TOM YONI A-TOM

Figure 5.1 Percentage of accurate responses on ToM tests and 95% confidence
intervals for mean standard error (error bars)

Note: Higher % accuracy indicates better theory of mind.
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Table 5.7 Mean Theory of Mind Performance by Age Group

ToM Measure Young Older Age Difference
(n=86) (n=85)
Min Max Mean (SD) Min Max Mean (SD) t Effect Size
d

STORIES 7 14 11.95 (1.41) 13 10.22(1.75) 742 1.10
RMET 17 25 21.33 (2.10) 9 24 1840(2.88) 7.60™* 1.16
YONI C-TOM 12 28 25.76 (2.66) 10 28 22.80(4.97) 4.88™ 15
YONI A-TOM 19 28 26.15 (1.89) 16 28 23.87(3.29) 557 .86

(
Note: The possible scores for each ToM measure are as follows: STORIES (range = 0 to 14), RMET (range
=010 26), YONI C-TOM (range = 0 to 28), and YONI A-TOM (range =0 to 28). Min and Max refer to the
actual minimum and maximum values obtained by sample participants.

alUnequal variances assumed.- p value and Cohen’s d derived from t-test (continuous data; small ES < .20;
medium ES = .50; large ES = .80; very large ES = 1.30; Cohen, 1988).

*p<.05 *p<.01,**p<.001.

5.2.2. ldentifying Predictors of Theory of Mind

Our second objective was to identify predictors of cognitive and affective ToM,
including whether predictors differed by age. For both groups, the hypothesized model in
Figure 2.1 was initially a poor fit to the data. For young adults, EC and MI statistics
revealed that four modifications substantially improved the fit between our model and the
data: The deletion of Learning & Memory as a predictor of cognitive ToM, the deletion of
sex (M/F) as a predictor of affective ToM, the addition of sex (M/F) as a predictor of PP,
and the addition of PP and sex (M/F) as predictors of cognitive ToM. For older adults EC
and MI statistics revealed that five modifications substantially improved the fit between
our model and the data: The deletion of Executive Functions as a predictor of cognitive
ToM, the deletion of sex (M/F) as a predictor of affective ToM, the addition of sex (M/F)
as a predictor of PP and Learning & Memory, the addition of sex (M/F) as a predictor of
cognitive ToM, and modeling an error covariance between PP and Executive Functions.

We conducted all analyses with these modifications in place.
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Evaluation of Model Fit

Figure 5.2 presents the final path model representing predictors of ToM for young
adults. Goodness-of-fit indices supported the hypothesized model structure with the
above-noted modifications, x*[df = 8] = 7.10, p = .53. Both incremental and parsimony fit
indices fell within recommended thresholds and revealed good model fit, CFl = 1.00 and
RMSEA = 0 (90% CI [0, .12]). The absolute fit index SRMR = .06 was slightly higher
than recommended, but still within accepted ranges (Byrne, 2013). Together these

factors suggested that the final model was a good fit to the young adult data.

Verbal Comprehension

20 (2.07)*

Executive Functions | .25 (2.45)* Cognitive ToM

.39 (4.05)**

}-2.52)* J
Pulse Pressure Affective ToM

-.55 (-6.10)***

-.31 (-2.59)*

Sex (M/F)

Figure 5.2 Path model for predictors of ToM in young adults
Note: x°[df = 8] = 7.10, p = .53; CFl = 1.00; RMSEA = 0 (90% ClI [0, .12]); SRMR = .06.
Parameter values are expressed as maximum likelihood estimates (standardized solution).

Numbers in parentheses indicate t values for parameter estimates (statistically significant t values
> |1.96]). We coded sex (M/F) as 0 = male and 1 = female.

*p < .05, **p < .01, ***p < .001.

In Figure 5.3 we present the final path model representing predictors of ToM in

older adults. Goodness-of-fit indices supported the hypothesized model structure with
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the above-noted modifications, x° [df = 8] = 7.65, p = .47. All incremental, parsimony,
and absolute fit indices fell within recommended thresholds, CFl = 1.00, RMSEA = 0
(90% CI [0, .12]), SRMR = .06. Together these factors suggest that the model in Figure
5.3 was an excellent fit to our older adult data, with the exception of the SRMR = .06 that

was slightly higher than recommended, but still generally acceptable (Byrne, 2013).

Verbal Comprehension

21 (2.15)

35 (3.89)*+

Executive Functions

.20 (2.31)* Cognitive ToM

Pulse Pressure L — -.23 (-2.35)* .33 (3.64)***

27 (2.64)* Affective ToM

Learning & Memory

A7 (5.86)** -.31 (-2.85)**

Sex (M/F)

Figure 5.3 Path model for predictors of ToM in older adults
Note: x*[df = 8] = 7.65, p = .47; CFI = 1.00; RMSEA = 0 (90% CI [0, .12]); SRMR = .06.
Parameter values are expressed as maximum likelihood estimates (standardized solution).

Numbers in parentheses indicate t values for parameter estimates (statistically significant t values
> |1.96]). We coded sex (M/F) as 0 = male and 1 = female.

*p < .05, **p < .01, **p < .001.
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Shared Predictors of ToM between Age Groups

As hypothesized, several variables were significant predictors of ToM
performance in both age groups: (1) higher verbal comprehension predicted better
affective ToM for young (I3 = .20, p = .04) and older adults (3 = .35, p < .01); (2) high PP
predicted worse cognitive ToM for young (3 = -.30, p = .01) and older adults (3 =-.23, p
= .02), (3) male sex predicted better cognitive ToM for young (8 = -.31, p = .01) and
older adults (8 = -.31, p < .01); and (4) biological sex was significantly associated with
PP, although the direction of this relationship differed by age. In young adults men had
higher PP (3 = -.55, p < .01), whereas in older adults, women had higher PP (R = .27, p
< .01). Counter to our predictions, we did not observe an association between biological

sex and affective ToM in either group.

Also consistent with our hypotheses, analyses revealed a moderate-sized,
positive association between cognitive ToM and affective ToM for young (8 = .39, p <
.01) and older adults (B = .33, p < .01). Given existing theory from developmental and
neuroimaging research (Shamay-Tsoory et al., 2009; Vetter et al., 2013), we suspected
that the direction of this association was that of cognitive ToM predicting affective ToM.
To explore directionality, we tested an alternative model with one modification: We
changed the direction of association to reflect affective ToM predicting cognitive ToM.
For both young and older adults, the alternative model revealed a similarly good fit to the
sample data (young: Ax* = -.23, Adf = 0; older: Ax* = 2.40, Adf = 0). However, several
empirically supported predictors of ToM in the original models dropped to non-
significance. Specifically, for young adults, executive functions did no predict cognitive
ToM in the alternative model, and for older adults verbal comprehension did not predict
cognitive ToM and PP did not predict cognitive ToM in the alternative model. Thus, we
retained the original models because they were the most consistent with supporting
theory. We present the alternative models for young and older adults and associated

goodness-of-fit statistics in Appendix H, Figures H1 and H2.
Non-shared Predictors of ToM in Older Adults

Three predictors of ToM were also significant for older adults only: (1) higher

verbal comprehension predicted better cognitive ToM (B = .21, p = .03); (2) better
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executive functions predicted better affective ToM (B = .20, p = .02); and (3) better
Learning & Memory predicted better cognitive ToM (3 = .37, p < .01). In older adults
only, women also displayed better Learning & Memory (3 = .47, p < .01).

Non-shared Predictors of ToM in Young Adults

In young adults only, better executive functions predicted better cognitive ToM (3
= .25, p =.01), suggesting that young adults with better executive abilities formed more

accurate mental state inferences about cognitive content.

5.2.3. Age Differences in Predictors of Theory of Mind

Our third objective was to determine whether any age differences existed
between predictors of cognitive and affective ToM. Using multi-group invariance
procedures outlined by Byrne (2004), we tested for the equivalence of shared predictors
of ToM between age groups. Our analyses represented partial invariance analyses
because not all predictors were shared between age groups. The baseline model
comparison revealed an optimal fit to the data, x* [df = 15] = 13.82, p = .54; CFI = 1.00;
RMSEA = 0, 90% CI [0, .07]; SRMR = .05. This indicated that when no cross-group
constraints were imposed, our final models (Figures 5.2 & 5.3) represented the sample
data well. We used the chi-squared value from this test (x* [df = 15] = 13.82) as a
baseline comparative value for all subsequent tests of invariance. The predictors we

tested in the invariance analyses are summarized in Table 5.12

Table 5.8 Predictors Tested for Invariance
Label Predictive Association Tested
a Verbal Comprehension = Affective ToM
b PP = Cognitive ToM
c Sex (M/F) - Cognitive ToM
d Cognitive ToM -> Affective ToM
e Sex (M/IF) > PP

Because it is possible (although unlikely) that all predictors outlined in Table 5.12
might be equivalent between age groups, we first tested the validity of the invariance

model with predictive associations held equal (Table 5.13, line 2). Comparison of Models
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1 and 2 yielded a Ax* = 49.41 and Adf = 5, which is statistically significant. This indicated
that one or more predictors were not equal between age groups and provided sufficient
rationale to individually test each predictor for invariance. We present results from this

series of tests in Table 5.13.

After testing for the invariance of all shared paths, only one predictor differed
between age groups: Biological sex as a predictor of PP (predictor e in Tables 5.9 &
5.10). Inspection of the standardized regression coefficients reported in Figures 5.2 and
5.3 confirmed that this association was qualitatively different with age: in young adults
male sex predicted high PP (3 = -.55), whereas in older adults female sex predicted high
PP (B = .27). Importantly, no statistically meaningful age differences existed between
verbal comprehension and affective ToM (predictor a), PP and cognitive ToM (predictor
b), biological sex and cognitive TOM (predictor c), or between cognitive ToM and
affective ToM (predictor d). Irrespective of age, high PP and male sex predicted better
cognitive ToM, whereas better verbal comprehension and better cognitive ToM predicted
better affective ToM, thus indicating that the relationship between ToM and fundamental

supporting variables did not differ between young and older adults.
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Table 5.9 Invariance Analyses for Age Differences in Predictors of ToM

Model Description X2 df Ax? Adf Xoit p Interpretation
[Adf, a = .05]

1. Baseline model (unconstrained) 13.82 15 o o o o o

2. All predictors (a to f) held equal 63.23 20 49.41 5 11.07 <.01 _

3. Predictor a held equal 14.94 16 1.12 1 3.84 ns Invariant

4. Predictors a & b held equal 15.14 17 1.32 2 5.99 ns Invariant

5. Predictors a, b & ¢ held equal 15.15 18 1.33 3 7.81 ns Invariant

6. Predictors a, b, ¢, & d held equal 15.29 19 1.47 4 949 ns Invariant

7. Predictors a, b, ¢, d, & e held equal 47.03 20 33.21 5 11.07 <.01 Age difference

Note: Ax2= chi-square difference value between models; Adf = difference in degrees of freedom between models; y% = critical ratio from y2distribution
associated with Adf at a pre-defined alpha level of.05. Significance values correspond to Ax2. We compared each of the Models 2-8 to Model 1 (baseline model)
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5.3. Post-hoc Analyses

The association between high PP and worse cognitive ToM was both shared by
young and older adults and equivalent in magnitude. This was surprising to us given the
physiological widening of PP after age 60 and its strong relationship with late-life
cardiovascular and cerebrovascular outcomes (Gorelick et al., 2011). Some researchers
have suggested that modeling blood pressure, including PP, as a non-linear variable
may assist in interpreting blood pressure effects on cognition (Waldstein, Giggey,
Thayer, & Zondervan, 2005; see Appendix | for further discussion). To investigate this
possibility in an alternative model we tested a quadratic PP function in place of the linear
variable reported above. Findings revealed that use of the non-linear PP variable did not
offer any statistical advantage to the fit of our final path models (young adults: x? [df = 8]
= 6.53 [Ax? from original model = -.57], p = .59; CFI = 1.00; RMSEA = 0 (90% ClI [0,
.11]); SRMR = .06; older adults: x? [df = 8] = 15.29 [Ax? from original model = 7.64], p =
.05; CFI = .94; RMSEA = .10 (90% CI [0, .18]); SRMR = .07). In additional, individual
regression for the relationship between PP and cognitive ToM were similar in direction
and magnitude when compared to the linear model. These results are consistent with
other results from our lab (i.e., Fischer et al., 2014; Yeung & Thornton, 2011), and
suggest that in non-clinical, community-residing samples, the application of nonlinear
transformations to blood pressure data may not confer any advantage to characterizing

associations with neurocognitive performance.
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Chapter 6. Discussion

We began this study with the framework of ToM as a multidimensional construct
wherein cognitive and affective components were distinguished on the basis of
developmental, neuropsychological, and neurobiological theory and evidence. Building
on questions posed in past research we comprehensively examined key predictors of
ToM and assessed whether the strength of predictive relationships differed by age. Our
findings revealed that while cognitive and affective ToM each showed robust, moderate-
to-large age effects; key differences with underlying predictors exist. This dissertation
makes three unique contributions to the understanding of ToM as a multidimensional
construct. First, extending our previous work (Fischer et al., 2014), we provide the first
evidence that poor vascular health, as assessed by PP, is directly associated with lower
cognitive ToM. PP was a key predictor of cognitive ToM in young and older adults
alongside executive functions, verbal comprehension, learning and memory, and
biological sex. Second, in agreement with child development and cognitive neuroscience
theory, we present the first neuropsychological evidence suggesting an organizational
structure within ToM, such that cognitive ToM may be fundamental to affective ToM.
Finally, we demonstrated that while certain neurocognitive predictors of ToM are salient
only in later life, most predictors are shared across adulthood and are statistically
equivalent. Together our results promote cognitive and affective ToM as integrated
components that share a common basis in adulthood. This notion is key to clarifying how
ToM changes with age and to advancing knowledge regarding the relevance of such

changes in the context of underlying neurocognitive, health, and demographic factors.

6.1. Pulse Pressure Predicts Cognitive ToM

A unique finding was that cardiovascular inefficiencies were adversely associated
with ToM performance. Qualifying our previous work (Fischer et al., 2014), high PP

directly predicted worse cognitive ToM. Importantly, this association was observed for
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both age groups and was equivalent in magnitude. Counter to our predictions, PP was
not directly associated with affective ToM in either group. The equally robust relationship
between PP and cognitive ToM between groups was surprising, as the physiological
widening of PP after age 60 and its relation to late-life cerebrovascular outcomes
(Gorelick et al., 2011; Nagai et al.,, 2010) led us to hypothesize a more salient
relationship in older age. Given the potential for blood pressure-cognition associations to
be age-dependent, we explored whether modeling PP as a non-linear variable may
better capture the relationship between PP and ToM (Thorvaldsson et al., 2012;
Waldstein et al., 2005). Similar to previous research from our lab (e.g., Fischer et al.,
2014; Yeung & Thornton, 2011), we found no statistical advantage to this approach,
suggesting that PP-ToM associations are most likely linear by nature. We note that
blood pressure is a complex parameter and it is possible that associations in young
adults may in part, reflect diverse influences including medical history, genetics, ethnic
background, state anxiety, alcohol and/or caffeine consumption, or physiological arousal
(Waldstein et al., 1995). In the current study adjusting for the variables ethnicity,
depressive symptoms, and anxiety symptoms did not alter the results.

The presence of CVRFs in early adulthood is increasingly recognized as a risk
factor for neurocognitive health (Elias, Elias, Robbins, & Budge, 2004; Yaffe et al.,
2014). Aine and colleagues (2014) suggested that cardiovascular risk in early adulthood
is frequently underestimated because individual CVRFs may fail to meet clinical
diagnostic thresholds. This may lead clinicians and researchers to erroneously dismiss
the potential risks to cognitive integrity at the time of measurement. For instance,
Joosten and colleagues (2013) demonstrated that associations between high
cardiovascular risk and worse neurocognitive performance were statistically equivalent
between adults aged 35 to 44 years, 45 to 64 years, and 65+ years. This risk appears to
apply to current and future neurocognitive health. In a prospective study Elias and
colleagues (2004) demonstrated that young (18 to 47 years) and older adults (48 to 83
years) displayed equally strong relationships between baseline blood pressure (SBP,
DBP, & PP) and incipient cognitive decline 20 years later. Considered alongside such
evidence, our results support the dampening effect of poor cardiovascular health on
neurocognitive performance, including cognitive ToM, as a phenomenon that may affect

both young and older adults.
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A secondary finding regarding PP pertains to sex-specific relationships: In young
adults men had higher PP, whereas in older adults women had higher PP. Sex
differences in vascular health are relatively unstudied in early adulthood; however, there
is relatively strong evidence that older women are particularly susceptible to blood
pressure difficulties. In Canada, treatment rates are roughly equal between men and
women, yet women are less likely to achieve blood pressure control (Wilkins, Gee, &
Campbell, 2012). Biomedical research supports key differences in the
neurophysiological pathways underlying blood pressure control that may explain these
trends. Specifically, physiological differences in the production and stimulation of sex
hormones, the renin-angiotensin and oxidative stress pathways, and in the tone and
function of central vasculature and the sympathetic nervous system each contribute to
blood pressure regulation (Zimmerman & Sullivan, 2013). Presently, sex-specific
treatment approaches are not commonplace but there is increasing recognition of their
importance (Wilkins et al., 2012). The potential value of this type of treatment practice
becomes even more important when considering downstream age- and sex-dependent
effects of hypertension on neurocognitive performance reported in this dissertation and
other recent work (e.g., Yasar et al., 2011; Yeung & Thornton, 2011).

Proposed mechanisms linking PP to neurocognitive performance, including ToM,
relate to the effects of arterial stiffening on the compliance and integrity of vulnerable
subcortical circuitry, leading to small vessel disease and increased risk of ischemic
cognitive impairment (Birns & Kalra, 2009; Raz, Rodrigue, & Acker, 2003). Reduced
arterial elasticity caused by high PP can lead to impaired cerebral blood flow regulation
and hemodynamic inefficiencies that can cause brain tissue to be more susceptible to
injury (Scuteri et al., 2011). Structural and functional integrity may be altered by white
matter infarcts, cerebral atrophy, or B-amyloid angiopathy, leading to inefficiencies in
cellular metabolism and neuronal transmission and, ultimately, disturbances in
neurocognitive function (Scuteri et al.,, 2011; Waldstein et al., 2008). Neuroimaging
studies confirm that high PP is associated with reduced volume and white matter
integrity, particularly in frontal regions that are responsible for executive functions and
ToM (O’Brien et al., 2002; Raz et al., 2003). Of note, this literature is based on studies of
healthy aging populations, and mechanisms may differ in young samples due to possible

interactive influences with age or other previously discussed variables (Waldstein, 1995).
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6.2. Dissociable Predictors of Cognitive and Affective ToM

Consistent with a multidimensional framework, cognitive and affective ToM held
differential relationships with supporting predictors. For cognitive ToM, high PP and male
sex were key predictors across age groups. Age-specific relationships were also
observed: Executive functions predicted cognitive ToM in young adults, and verbal
comprehension and learning and memory predicted cognitive ToM in older adults. For
affective ToM, verbal comprehension was a key predictor across age groups, with
executive functions emerging as relevant in older age only. In light of past work (e.g.,
Mahy et al., 2014b; Rakoczy et al., 2012), we were surprised that executive functions did
not globally predict cognitive and affective ToM. The pattern of association we observed
is also mismatched with developmental theories stating that at critical periods of
neurocognitive development and decline, cognitive and affective ToM should be
sensitive to executive influences (Carlson & Moses, 2001; Ahmed & Miller, 2013). One
possibility is that the theorized trends may pertain to specific executive abilities, such as
response inhibition, working memory, or attention (Carlson & Moses, 2001). That is, our
use of a composite executive measure may have masked potentially important
relationships between ToM and individual processes. Further, in pursuing a
comprehensive examination of cognitive and non-cognitive predictors, our inclusion of
multiple concurrent predictors and/or controlling for shared measurement error between
neurocognitive measures may have attenuated expected relationships. We also did not
specifically examine indirect relationships between these variables and ToM due to

limitations in statistical power (see Appendix J for further information).

Our findings also point toward key differences in how young and older adults may
use verbal resources to succeed on tasks of ToM. While verbal abilities predicted
affective ToM across groups, only older adults showed links between verbal
comprehension and cognitive ToM. We suspect this finding captures our sample of well-
educated older adults who were less susceptible to linguistic interference and therefore
better able to ignore incorrect or misleading wording on our ToM measures. This may be
particularly true for cognitive ToM, wherein one of our measures (Strange Stories)
required participants to use rich expressive language to convey mental state inferences.
Young adults with still-developing verbal abilities may rely on other strategies such as

guessing or rapid executive selection processes to respond to ToM questions (Mahy et
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al., 2014a). It is also possible that other verbal skills not tested in this study may explain
additional variance in ToM (e.g., grammatical understanding, verbal fluency, reasoning:
Rakoczy et al., 2012). However, Peterson and Miller (2012) found that verbal intelligence
predicted affective ToM beyond other language elements such as figurative abilities
(e.g., understanding and use of concepts such as relationship, emphasis, and figures of
sound), thereby suggesting that it is the semantic knowledge component of language
that directly influences ToM. We considered whether our findings might reflect the
greater proportion of our young adult sample that identified a native language other than
English (27.9% vs. 11.8% of older adults). Negligible correlations between cognitive
ToM, affective ToM, and native language did not provide impetus to explore this further
(see Appendix F, Table F4). Indeed, research suggests that at least in early life,
bilingualism may be advantageous to the development and use of ToM (Goetz, 2003).

The finding that learning and memory predicted cognitive ToM only among older
adults raises the important question of whether memory is truly fundamental to ToM. Our
composite measure of cognitive ToM equally represented the Strange Stories test, which
had built-in memory demands, and the Yoni Cognitive ToM task, which did not. Inclusion
of this story-based measure may have increased demands on new learning efficiency,
encoding, and short-term recall, thereby enhancing the likelihood of a significant
association with our learning and memory composite. For older adults with weakened
memory the saliency of this association was likely magnified (see also Baglio et al. 2012;
Castelli et al., 2011; Fischer et al., 2014). Conversely, on our affective ToM measures
participants viewed test stimuli continually while making responses, thereby mitigating
encoding demands in favour of working memory and attention (Maylor et al., 2002).
Perhaps the remaining question for researchers is not whether memory predicts ToM,
but rather what type of memory is important? In a recent paper Moreau, Viallet, and
Champagne-Lavau (2013) showed that generating mental state inferences required
individuals to recall autobiographical memories of similar first-hand experiences as a
template for anticipating and interpreting behaviour. This notion is further supported by
neuroimaging findings that brain regions activated during ToM inferences overlap with
those underlying autobiographical recollection (bilateral medial prefrontal cortex, medial

parietal cortex, Rabin & Rosenbaum, 2012), as well as research with individuals with
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amnestic MCI (i.e., characterized by early loss of autobiographical memaories), who also

show early and significant impairments in ToM (Baglio et al., 2012; Moreau et al., 2015).

We were surprised that male sex strongly predicted cognitive ToM in both age
groups while no relationship was observed between sex and affective ToM. This stands
in contrast to research suggesting a female advantage on tests of affective ToM.
However, on close examination of this literature, the bulk of evidence favouring females
on tasks of affective ToM is reported in children between infancy and adolescence
(Charman et al., 2002; Ibanez et al., 2013), with cautious support into early adulthood
(Kirkland et al., 2013). Thus it is possible that sex differences in affective ToM are more
salient in early development, or perhaps our strategy of accounting for neurocognitive
variables on which individuals may differ in performance by sex (e.g., verbal
comprehension; Heaton et al., 2009) may have attenuated variance previous attributed
to sex in past studies. We are aware of one other study where men outperformed
women on a cognitive ToM task. Russell, Tchanturia, Rahman, and Schmidt (2007)
suggested that enhanced cognitive ToM among men might reflect sex differences in
systematizing information and analytical reasoning. Indeed, social neuroscience
research suggests that women tend to engage brain regions underlying emotion during
social cognitive tasks, whereas men recruit areas preferentially involved in cognitive
control and deliberative thinking (Christov-Moore et al., 2014). We specifically examined
biological sex rather than identified gender due to important sex-related neurobiological
differences in cognition and blood pressure (Heaton et al., 2009; Yasar et al., 2011;
Zimmerman & Sullivan, 2013). However, it is possible that gender roles and
predisposition to empathy may have influenced our results. There is preliminary
evidence that asking participants to adopt ‘enhanced empathy’ can improve accuracy on
measures of ToM, regardless of sex (Thomas & Maio, 2008). Importantly, our results call
into question the extent to which sex differences in cognitive and affective ToM can be

generalized across age and measures used to assess them.

6.3. Inter-relationship of Cognitive and Affective ToM

Our results support cognitive and affective ToM as distinct, but overlapping

conceptual entities. We demonstrated a moderate-sized, positive association such that
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cognitive ToM predicted affective ToM in both age groups. Changing the direction of this
relationship to affective ToM predicting cognitive ToM resulted in a substantially weaker
fit to underlying theory. Earlier we reviewed multi-disciplinary evidence suggesting that
cognitive ToM may provide key organizational scaffolding for the emergence and
subsequent function of affective ToM (e.g., Shamay-Tsoory et al.,, 2009; Stone &
Gerrans, 2006; Vetter et al., 2013). This hypothesis is supported by differences in the
developmental timing of the two ToM components and neuroimaging observations that,
in response to affective ToM inferences, associated neural correlates (i.e., ventromedial
prefrontal cortex, inferior frontal gyrus) are activated in addition to the broader ToM
network (Schlaffke et al., 2015; Shamay-Tsoory et al., 2009). Thus, in addition on-line
support from perceptual skills and neurocognitive influences, cognitive ToM appears to
be an important part of the organizational structure supporting affective ToM. For much
of this work we have argued that the cognitive and affective components of ToM are
dissociable and dependent on different supporting processes, yet in natural
environments, our capacity to make inferences about other people may routinely involve
both components (Dvash & Shamay-Tsoory, 2014). It is their interaction with one
another, and with the array of supporting neurocognitive, health, and demographic
resources, that provides the hallmark for sophisticated social reasoning. Moving forward,
more research is needed to unravel the theoretical distinction and integration between
cognitive and affective ToM. This work likely necessitates a multi-disciplinary approach
wherein analysis can be conducted at multiple levels of organization (e.g., brain
physiology and morphology, developmental timing, neurocognitive resources) and
examination of both direct and indirect relationships in order to elucidate the causative
mechanisms at play (see Kraemer, Stice, Kazdin, Offord, & Kupfer, 2001). Nevertheless,
we believe our findings advance current perspectives on regarding the interplay between

cognitive and affective ToM.

6.4. Age Differences in Predictors of ToM

Our use of invariance analyses to address whether the strength of association for
shared predictors of ToM represents a novel and important advantage over past work.
We found that only one shared relationship differed by age and this relationship was not

directly pertinent to our hypotheses regarding ToM. No statistically meaningful age
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existed between verbal comprehension and affective ToM, PP and cognitive ToM,
biological sex and cognitive ToM, or between cognitive ToM and affective ToM.
Irrespective of age, high PP and male sex predicted better cognitive ToM, whereas
better verbal comprehension and better cognitive ToM predicted better affective ToM.
These results have important implications for understanding how the ToM construct may
differ with age. It is clear that longitudinal research is needed to clarify whether these
predictors are useful markers of future changes in ToM performance. Preliminary cross-
sectional data point toward an inverted U-shaped pattern of age differences in ToM
performance across childhood, adolescence, young adulthood, and later life (Bernstein
et al., in preparation); however, some authors contend that age differences in social
cognition may reflect cohort differences rather than true cognitive change (O’Brien,
Konrath, Griihn, & Hagen, 2013).

6.5. Challenges & Limitations

A primary concern of the ToM literature is score reliability. In this dissertation,
estimates of score reliability ranged from inadequate to good, where scores on affective
ToM measures were the least reliable. These estimates are consistent with the few
studies that have previously reported on the psychometric properties of ToM measures
(e.g., Fischer et al., 2014; Soderstrand & Almkvist, 2012; Vellante et al., 2013). Low
score reliability may be related to poor item representation of the broader construct,
mismatches between the population under study, and the types of ToM questions asked.
An additional concern is that few ToM measures exist that clearly delineate between
cognitive and affective ToM, and between first- and second-order question types. When
administered to cognitively healthy, community-residing adults and older adults, first-
order questions may be too easy—eliciting near ceiling performance, while responses on
harder items may fall closer to chance. The combination of these problems may leave
few items with good score variation, resulting in truncated variance and skewed
distributions. We investigated the influence of the distributional properties of our ToM
measures in a series of post-hoc analyses. We ran new models wherein we removed
participants who performed at ceiling (i.e., 100%) on (a) at least one ToM measure, and
(b) on both measures comprising a composite. Forty-five percent of the young sample

and 19% of the older sample had ceiling performance on one or more ToM measures
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(Strange Stories: young = 9.3% older = 0%; Yoni Cognitive ToM: young = 30.2% and
older = 12.9%; Yoni Affective ToM: young = 27.9% and older = 12.9%; RMET: young
and older = 0%). A total of 5.8% of young adults performed at ceiling on both measures
comprising the Cognitive ToM composite. Age differences were maintained across
groups when we conducted analyses with these participants removed. Further,
goodness-of-fit indices suggested that the alternative path models fit the data well and
coefficients for individual predictors were similar in direction and magnitude to the
original models. Given these results, our findings appear relatively robust to ceiling
effects. We elected to retain the original models to maximize power, avoid the cost of
losing data from an aging population, and increase the generalizability of our findings to
the broader ToM literature. However, we strongly contend that new ToM instruments
with strong psychometric properties be developed, particularly prior to the translation of
ToM measures into mainstream clinical use. At the very least, researchers should
carefully examine the psychometric properties of ToM measures and report on these
findings, as we have done. This may assist in clarifying mixed results regarding the
fundamental predictors of cognitive and affective ToM.

It can also be argued that our use PP represents a rudimentary assessment of
vascular health. Using a simple in-office assessment we successfully identified a strong
relationship between PP and ToM; however, we acknowledge that more rigorous
physiological methods are needed to directly address the hypothesis that decreased
arterial compliance underlies worse cognitive ToM (e.g., carotid—femoral pulse wave
velocity or systolic pulse contour analysis; Waldstein et al., 2008). It is also difficult to
assess whether PP is an independent risk factor for reduced cognitive ToM or rather a
marker for general cardiovascular health. It is well established that blood pressure
interacts with other CVRFs to exacerbate neurocognitive difficulties (e.g., type 2
diabetes, Hassing et al., 2004), and may also be influenced by treatment effects.
Approximately one-third of our older adult participants reported treatment with anti-
hypertensive medication. Thus it is possible that treatment effects may have influenced
results either by diluting observed associations with cognitive ToM and potential
associations with affective ToM, or via the direct impact of medication on neurocognitive
performance (Gorelick et al., 2011). Future research comparing adults with and without

anti-hypertensive treatment may be beneficial in addressing these areas.
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Finally, we note that our young and older samples were relatively small for the
single-group path analyses and only adequate to detect large effect sizes. Our final
models comprised 86 young and 85 older adults, respectively; it is recommended that for
accurate parameter estimation, path models should ideally comprise 100 or more
participants per model tested (O’Rourke & Hatcher, 2013). Byrne (2004, 2013) describes
several consequences of small sample size, including reduced precision of parameter
estimates, greater standardized errors, and increased probability of obtaining improper
solutions. Certain indices of absolute fit (i.e., RMSEA, SRMR) may also be positively
biased in smaller samples (Hoyle, 2012). Testing a continuous age range rather than
categorical age group predictor would allow for more meaningful conclusions the nature
of age differences in ToM and how these may relate to fundamental predictors. We also
note that measurement error can lead to lowered ability of statistical tests to provide
accurate estimation. Despite these issues, we obtained robust findings that were in line
with guiding theory. Given the novelty of research in this area, we felt our approach was
appropriate for the sample size, and for our interests in identifying theoretically
supported predictors of cognitive and affective ToM to follow-up with future research.

6.6. Future Directions

Research on ToM and aging is at an exciting stage where studies are emerging
with the capability to combine neuropsychological, neuroscience, imaging, and
developmental perspectives. Focus on development of novel psychometrically sound
ToM measures as well as the cautious improvement of existing measures will be
essential to the meaningfulness of research in this area. Key questions remain regarding
the practical relevance of examining ToM in clinical settings and whether current
instruments of ToM may be valuable markers of daily functioning (e.g., social
engagement, decision-making, quality of life; Bailey et al., 2008; Yeh, 2013). In
naturalistic environments our inferences about others’ mental states in moment-to-
moment interactions are not always neatly defined and may proceed at a lower level of
awareness than implied by literature. Face valid tests should be developed that can
account for other aspects of the social experience—including voice intonation, person or
context familiarity, or judgments made in the presence of social groups. As evidenced by

recent developments in social neuroscience and psychology, there is keen interest in
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adopting ToM measures as clinical tools, particularly when one considers the large
number of clinical disorders in which ToM difficulties are documented. Interventions for
ToM difficulties may benefit from research such as that conducted in this dissertation to
clarify the multidimensional nature of ToM and to identify what factors (e.g., linguistic
skills, executive functions) may be targeted to enhance rehabilitation and development
of ToM skills. In clinical neuropsychological evaluations, incorporation of
psychometrically sound social cognitive measures, including cognitive and affective
ToM, to standardized assessment batteries may aid in characterizing cognitive strengths
and weaknesses, and assist in differential diagnosis (e.g., AD versus bvFTD; Le Bouc et
al., 2012; see also Adenzato & Poletti, 2013). It is our hope that the current results

provide a valuable point of departure for answering many of these questions.
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Appendix A.

Clinical Relevance of ToM

Table A1l Clinical Disorders Associated with Alterations in ToM
Clinical Group Select reference
Neurological disorders

Alzheimer’s disease
Behavioural variant frontotemporal dementia
Huntington’s disease
Mild cognitive impairment (amnestic type)
Multiple sclerosis
Parkinson’s disease
Semantic dementia
Traumatic brain injury (acquired)
Psychiatric and personality disorders
Anorexia nervosa
Antisocial personality disorder & psychopathy
Autism spectrum disorders*
Bipolar disorder
Major depressive disorder
Schizophrenia
Genetic disorders
22q11.2 deletion (velo-cardio-facial) syndrome
Down’s syndrome
Fragile X syndrome
Prader-Willi syndrome
Spinocerebellar ataxia
Turner syndrome

Williams syndrome

Laisney et al. (2013)

Henry, Phillips, & von Hippel (2014)

Allain et al. (2011)

Moreau et al. (2015)

Péttgen, Dziobek, Reh, Heesen, & Gold (2013)
Poletti, Enrici, Bonuccelli, & Adenzato (2011)
Duval et al. (2012)

Bibby & McDonald (2005)

Russell, Schmidt, Doherty, Young, & Tchanturia (2009)

Dolan & Fullam (2004)
Baron-Cohen (2000)

Kerr, Dunbar, & Bentall (2003)
Wolkenstein et al. (2011)

Fett et al. (2011)

Campbell et al. (2011)

Giaouri, Alevriadou, & Tsakiridou (2010)
Cornish et al. (2005)

Koenig, Klin, & Schultz (2004)

Garrard, Martin, Giunti, & Cipolotti (2008)
Burnett, Reutens, & Wood (2010)
Tager-Flusberg & Sullivan (2000)

Note: We provide full citations for each reference in the reference list. *Includes DSM-IV Asperger’'s

Syndrome.
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Appendix B.

Reliability of ToM Tests in Aging Research

TableB 1 Summary of ToM Studies in Healthy Aging and Reported Reliability

Study ToM Test Cognitive/Affective Reliability
Ahmed & Miller (2013) STORIES Cognitive Unreported
Other: FP Cognitive
Bailey & Henry (2008) RMET Affective Unreported
Other: FB Cognitive
Bernstein et al. (2011) Other: FB Cognitive Unreported
Castelli et al. (2010) STORIES Cognitive Unreported
RMET Affective
Other: FB Cognitive
Castelli et al. (2011) STORIES Cognitive Unreported
RMET Affective
Other: FB Cognitive
Other: ER Affective
Cavallini et al. (2013) STORIES (ltalian vers.)  Cognitive IRR =.93
Charlton et al. (2009) STORIES Cognitive IRR> .71
Duval et al. (2011) STORIES Cognitive Unreported
RMET Affective
Other: IA Cognitive
Other: FB Cognitive
Other: Composite na
Fischer et al. (2014) STORIES Cognitive IRR = .94
German & Hehman (2006) Other: FB Cognitive Unreported
Happé et al. (1998) STORIES Cognitive Unreported
Keightley et al. (2006) Other: Stories Cognitive Unreported
Other: ER Affective
MacPherson et al. (2002) Other: ER Affective Unreported
Other: FP Cognitive
Mahy et al. (2014b) Other: Voice na Unreported
Maylor et al. (2002) STORIES Cognitive Unreported
McKinnon & Moscovitch (2007) Other: Stories Cognitive Unreported
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Pardini & Nichelli (2009)
Phillips et al. (2002)

Phillips et al. (2011)

Rakoczy et al. (2012)

Saltzman et al. (2000)

Slessor et al. (2007)

Sullivan & Ruffman (2004)

Wang & Su (2013)
Yeh (2013)

RMET

Other: Stories

Other: Video/cartoon
Other: Stories

Other: Video/Cartoon
STORIES

Other: Video/Cartoon
STORIES

Other: FB

STORIES

RMET

Other: Video/Cartoon
STORIES

Other: Video/Cartoon

STORIES

STORIES (Chinese ver.)

Other: FP
Other: Video/Cartoon

Affective
Cognitive
na
Cognitive
na
Cognitive
na
Cognitive
Cognitive
Cognitive
Affective
na
Cognitive
na
Cognitive
Cognitive
Cognitive
na

Unreported
a=.85"
a= 49"
Unreported

Unreported

Unreported

Unreported

Unreported

IRR =.89
a=.93
a=.91
a=.93

Note: STORIES = Strange Stories Test. RMET = Reading the Mind in the Eyes Test. “na” denotes when
insufficient information was provided about a test to accurately judge representation of cognitive/affective
content. Tests listed under “Other” include all ToM tests labeled into the following categories by type of test:
FP = faux pas, FB = false belief, El = emotion recognition, IA = intention attribution, MJ = moral judgment

and Video/Cartoon = test that used videos, cartoons, or picture series to assess ToM.

*Cited reliability data from a previously published study.
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Appendix C.

Associations between ToM and Neurocognitive Performance

Table C1. Reported correlation coefficients between ToM and neurocognitive performance in healthy adults

Sample size ToM Neurocognitive domain
Study n C-ToM A-ToM EF- Inhibition WM/Attn  Flexibility FluidRs ~ Verbal ~ Memory
Comp
Ahmed & Miller (2011) 123 YA (M= S-Stories -.00 18 -.01 14
19.04) FP 06 04 07 18
RMET 22" -.03 .03 21
Ahmed & Miller (2013) 46 OA (M=77.0) S-Stories 38** AT
FP 25 37
Bailey & Henry (2008) 32YA (M=19.5) FB videos 27* t0.35** 34 23
330A(M=722) RMET 34* to 52** .38 .28*
Bernstein et al. (2011) 38 YA (M=19.2) SB -23 -1 .24
20 MA (M = 57.3)
37 0OA (M=67.6)
Cavallini et al. (2013) 30 YA (M=23.6) S-Stories -.30** 65" .30
30 MA (M = 64.9)
29 0A (M=75.0)
Charlton et al. (2009) 106 OA (M=69.0)  S-Stories .38 33 22- 26" .34 46
Duval et al. (2011) 25YA (M=23.8) 1stFB 50 A3
20 MA (M = 52.6) 2nd FB 27 .09
250A (M=70.1) Attr.Intent A46™ 15
RMET .20 29"
Fischer et al. (2014) 66 OA (M =73.5) S-Stories -.00 32" -18 .35
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Sample size ToM Neurocognitive domain
Study n C-ToM A-ToM EF- Inhibition WM/Attn ~ Flexibility =~ Fluency  FluidRs  Verbal ~ Memory
Comp
German & Hehman 27 YA (M=20.0) FB stories -42* 3510 28
(2006) 20 OA (M = 78.0) 49"
Keightley et al. (2006) 30 YA(M=25.7) ToM AT
300A(M=725)  stories
Lietal. (2013) 28 YA (M =20.5) FB stories -.34* 51 -.30*
52 OA (M=73.5) FP -.36* .55* -.33¢
RMET -31* -.05 -24
Maylor et al. (2002) 30 YA(M=21.2) S-Stories 27 -2 25*
30 OA (M =80.6)
Peterson et al. (2012) 45 YA (M=19.0) RMET 18 49*
Phillips et al. (2002) 30 YA (M=29.9) FB stories 19 43
30 0A (M=69.2) RMET 10 .04
Blends .20 45*
Phillips et al. (2011) 52 YA (M= 25.8) FB stories -09t0-26™  .31™
41 MA (M =51.8) FB videos -09to .01 25
36 OA (M=73.4)
Rakoczy et al. (2012) 27 YA (M=22.7) S-Stories -.33* -.29* -.28* -.32*
20 0A (M=T73.3) FB videos -57* - 48" -52* -52*
Saltzman et al. (2000) 9YA (M=20.9) S-Stories 29
8 0A (M=71.6) FB: other .36 -
11PD (M=71.0) 60
Sullivan & Ruffman 24 YA (M=30.0) FB stories .08 -
(2004) 240A(M=730)  FBvideos A4
07-.21
Wang & Su (2013) FB stories 1210 .33* 35"
FB stories -0510.07 .02
-22to .27* 21*
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Sample size ToM Neurocognitive domain

Study n C-ToM A-ToM EF- Inhibition WM/Attn ~ Flexibility =~ Fluency  FluidRs  Verbal ~ Memory
Comp
Yeh et al. (2013) 184 OA(M=71.6) S-Stories -.16* 10
FP -.28* 16
FB -.29* A2
pictures

Note: Where available, values represent bivariate correlations specific to each study sample. EF-Comp: Executive functions composite z-score or principle
component analysis score. Inhibition: Hayling test; Stroop Golden test; DKEFS CW; Go-no-Go tasks. WM/Attn: WAIS LNS or DS; Spatial span. Flexibility: DKEFS
Trail Making test; Trail Making Test A & B; Wisconsin Card Sorting Task categories. Fluency: FAS phonemic fluency; Animals semantic fluency; design fluency.
Fluid Rs: Fluid reasoning measures such as Raven’s Matrices or WAIS PIQ. Verbal: Language measures such as Mill Hill vocabulary, ETS vocabulary, WAIS VIQ.
Memory: short- and long-term retention measures from CVLT-Il, HVLT-R. S-Stories: Strange stories test from Happé et al. (1998). FP: Faux pas test from Stone et
al. (1999). FB videos: 15t and 2™ order false-belief videos from Sullivan & Ruffman (2004). SB: Sandbox test from Bernstein et al. (2011). RMET: Reading the
Mind in the Eyes test from Baron-Cohen et al. (2001). 15t FB, 2" FB, and FB stories: mix of false-belief stories to assess cognitive ToM and in one case affective
ToM (Wang & Su, 2013).

*p<.05, **p<.01

84



Appendix D.

Participant Recruitment and Data Preparation

Data Preparation

Prior to the main analyses, we checked the dependent and independent variables of
interest for accuracy of data entry, missing values, and fit between variable distributions
and the assumptions our initial analyses and those of path analysis (outlined in footnote
7 of the main text). After excluding the five participants (4 young, 1 older) we identified
as exhibiting low effort during neurocognitive testing, we examined variables separately
for the remaining n = 89 young and n = 89 older adults.

At the univariate level, we examined normality using Q-Q plots and histograms for the
demographic, neurocognitive, and blood pressure variables. We used a pre-defined
alpha of .001 to determine outlying cells on each variable. Outlying cells were defined as
those with z-scores greater than |3.29| from the mean value of all other cells. In order to
maintain rank order of the data we altered each score to a less extreme value by adding
one unit to the highest non-outlying score (Tabachnick & Fidell, 2013). We 32 cells
(~.001%) of the overall data by this procedure. Following outlier transformation, we
compared mean values for relevant variables with the respective 5% trimmed means to
ensure that the impact of influential data points was attenuated. Standardized estimates
for skew and kurtosis were within acceptable ranges for all independent variables.
However, our individual dependent ToM variables (STORIES, RMET, YONI C-TOM and
YONI A-TOM) demonstrated negative skew and failed the Shapiro-Wilk normality test.
To address non-normality we applied logarithmic and square root transformations,
however, these did not significantly improve the data distributions, thus we transformed
each dependent variable to z-scores and retained the original distribution properties.
Visual inspection of the scatterplots for the z-score dependent variables against each
independent variable using general and lowess fit lines suggested pairwise linearity for
each dependent variable. Further, no issues with normality were identified once the
variables were translated into composite indicators. Thus, we retained z-score
dependent variables for all subsequent analyses.

At the multivariate level, we assessed for multivariate outliers in the linear set of
independent variables using conservative probability estimates for Mahalanobis’ D? (x* =
27.87, p< .001) and centred leverage values (h; = 0.16, p < .001; Tabachnick & Fidell,
2013). No cases met these criteria. We compared externally studentized residuals for
each dependent variable to an alpha of .05 corrected for multiple comparisons (t = 4.87,
p< .0125) to assess for any cases with undue influence over the regression line for the
set of predictors (i.e., discrepancy). No cases exceeded this value and no dependent
variable exceeded recommended criterion that |Exi| >2.00 represent no more than five
percent of cases. Visual inspection of Q-Q plots and scatterplots for residuals using
general fit lines and lowess fit lines also suggested that, for each dependent variable, the
spread of residuals was relatively uniform across values of the predicted scores. We
then examined Cook’s D, standardized DFBETAS, and scatterplots of externally
studentized residuals against centred leverage values to assess for any cases with
extreme influence for each dependent variable. Across all dependent variables, seven
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cases emerged as highly influential multivariate outliers: four young adults and three
older adults. We ran the primary analyses with and without these outliers; however, the
fit of our models was significantly decreased by their presence so we opted to run the
final analyses without these outliers (i.e., final N = 171; 86 young adults and 85 older
adults). Post-hoc analyses of the five influential cases revealed no discernable pattern to
suggest the cases were associated with a specific demographic, cognitive, or clinical
trait (examined = biological sex, ethnicity, English as an additional language status, born
in North America, CES-D or MAQ total score, test examiner, test location, educational
attainment, presence of a cardiovascular illness [yes/no]).
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YOUNG ADULTS
Completed Intake Pre-screen
(written questionnaires)

FigureD 1

n =254

Excluded at Intake
n=161

*EAL (56)
*Health (7)
*Ineligible (66)

*Not interested (10)
*Dropped out/no show (10)
*Incomplete testing (10)
*Unknown (2)

Met Inclusion Criteria
n=293

A\ 4

Provided Consent for
Neurocognitive Testing

Excluded after Testing
n=7

*Low effort (4)
*Multivariate outlier (3)

Recruitment Flow Chart

A 4

OLDER ADULTS
Completed Intake Pre-screen
(telephone questionnaire)

n =142

Met Inclusion Criteria
n =290

A 4

Provided Consent for
Neurocognitive Testing

Excluded at Intake
n=52

*EAL (15)
*Health (14)
*Ineligible (6)

*Not interested (7)
*Dropped out/no show (6)
*Incomplete testing (4)
*Unknown (0)

\ 4

Final YOUNG Sample
n =286

Final OLDER Sample
n=285

FULL SAMPLE
N =171

87

Excluded after Testing
n=5

*Low effort (1)
*Multivariate outlier (4)

Note: Regarding inclusion/exclusion criteria at intake, EAL = participants who indicated on an acculturation questionnaire less than 3 out 4
preferences as “English” for speaking, reading, writing, and thinking; Health = diagnosed cognitive impairment, colour-blindness, severe learning
disability, traumatic brain injury with loss of consciousness >15 minutes, severe migraine affecting thinking abilities; Ineligible = for young adults,
participants did not need the full number of course credits we were offering; Not interested = participants who declined study participation due to
lack of interest; Dropped out/show = participants who signed up to complete study but dropped out prior to testing or did not show up for their
appointment; Incomplete testing = participants who, for various reasons, did not complete the full testing battery.




Appendix E.

Sample Items from ToM Tests

Table E 1

Sample Items: Strange Stories Test (Cognitive ToM)

Example 1

Sample Responses

Brian is always hungry. Today at school it is his
favourite meal—sausages and beans. He is a very
greedy boy, and he would like to have more
sausages than anybody else, even though his
mother will have made him a lovely meal when he
gets home! But everyone is allowed two sausages
and no more. When itis Brian's turn to be served,
he says, "Oh, please can | have four sausages,
because | won't be having any dinner when | get
home!"

Q: Why does Brian say this?

2 points:
He’s lying to make them feel sorry for him

He’s greedy and wants to persuade them to give
him more

1 point:

He likes sausages and wants more than anyone
else

He’s a very greedy boy who loves sausages

0 points:
Because his mom won't be cooking for him tonight
He wants to take the sausages home with him

Example 1

Sample Responses

Jill wanted to buy a kitten, so she went to see Mrs.
Smith, who had lots of kittens that she didn't want.
Now Mrs. Smith loved the kittens, and she wouldn't
do anything to harm them, though she couldn't keep
them all herself. When Jill visited she wasn't sure
she wanted one of Mrs. Smith's kittens, since they
were all males and she had wanted a female. But
Mrs. Smith said, "If no one buys the kittens I'll just
have to drown them!"

Q: Why did Mrs. Smith say that?

2 points:

So Jill will feel sorry for the kittens and want to buy
one of them

To manipulate or threaten her to take one

1 point:
Because she wanted Jill to buy one
The old lady doesn’t want to keep them all

0 points:
Because otherwise she would have to drown them

She’s a terrible woman and would kill them
otherwise
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Example 1

playful comforting

irritated bored

Example 2

terrified upset

arrogant annoyed

FigureE1  Sample Items: Reading the Mind in the Eyes Test (Affective ToM)

Note: The correct answer for example 1 is playful. The correct example for sample 2 is upset.
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(a)First-order cognitive ToM

Yoni is thinking of

A

b

A

o 4

Yoni is thinking about the toy that wants

g Sk

: o

4+ Ye

(c)First-order affective ToM

Yoni does not love

e

does not love

OX

Yoni is thinking about the flower that

%O ©F

Figure E 2

Note: The correct answers are (a) top right

Sample Items: Yoni Test (cognitive & affective ToM)

, (b) top left, (c) top right, and (d) top left.
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(d)Second-order affective ToM




Appendix F.

Supplementary Analysis Tables

Table F 1 Summary of Items Deleted for each Theory of Mind Test during
Psychometric Analysis

Items Deleted Score Range
Test Total Poor Poor Foil  Low Item-Total  Original Final
Deleted Response Items? Agreement Version Version
Variability
STORIES 1 6 (Hat) - none 0-16 0-14
RMET 10 none 23,25 1,4,6,7,12, 0-36 0-26
14,17,29
YONIC-TOM 6 11,17,75 - 25,93, 63 0-34 0-28
YONIA-TOM 5 12, 31 - 20, 35, 50 0-33 0-28

Note: ‘Poor response variability’ represents items that had zero variability in the responses made by
participant, thereby suggesting inadequate item properties. ‘Poor foil items’ represents items in which one or
more foil options was chosen by >25% of respondents (assessed for RMET only), thereby suggesting that
the item poorly discriminated among foil and target response options. ‘Low item-total agreement’ represents
items that had low correlations with the composite test score (r < .10), thereby indicating that these items
were poorly associated with overall performance on the respective test.

a\We followed criteria outlined in Baron-Cohen and colleagues’ (2001) article during RMET development to
determine whether individual items had adequate distribution properties. As per the authors, we considered
items to be satisfactorily difficult if at least 50% of all participants in the sample selected the target response
and no more than 25% of all participants selected any one of the foil responses. In our sample, no target
word was selected by less than 50% of participants; however, two foil items were selected by greater than
25% of participants.
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Table F 2 Distribution Properties for the Theory of Mind Measures

Measure Skew (S.E.) Kurtosis (S.E.)

Individual ToM variables

STORIES -84 (.19) 57 (.37)
RMET -46 (.19) 01(.37)
YONI C-TOM -1.61(.19) .82 (.37)
YONI A-TOM -1.01 (.19) 68 (.37)
Composite ToM variables

Cognitive ToM -83 (.19) -.64 (.37)
Affective ToM -53(.19) -.08 (.37)

Note: Cognitive ToM and Affective ToM represent composite mean z-score variables. For all variables
higher scores represent better performance.

92



Table F 3 Correlation Matrices for Theory of Mind and Individual Neurocognitive Variables by Age Group

Cognitive ToM Affective ToM KBIT VK CVLT15 CVLTSDFR CVLTLDFR  WAISLN WAIS DS

Young Adults
Cognitive ToM
Affective ToM N e
KBIT VK 24* 29* -
CVLT 15 27" .09 29* -
CVLT SDFR 18 A1 23* 5"
CVLTLDFR A7 A1 33 T4%* 90" -
WAIS LN 28" 21* 29* 41 28" 28* -
WAIS DS 22* A7 24* 25* 31 30* 50***
DKEFS CW 15 A3 25* 40 18 21* .26* 21*
Older Adults
Cognitive ToM
Affective ToM 56™**
KBIT VK 33 o) -
CVLT 15 31 37 32 -
CVLT SDFR 23" 33 30** 86***
CVLTLDFR 25* 34 28* 83 ** 84*** -
WAIS LN 27 .35 23* 58 ** b3 52*** -
WAIS DS .36 417 20 18 22" 32 32
DKEFS CW 25* 21* 15 29* 34 24 36™** 29™

Note: Cognitive ToM and Affective ToM represent composite mean z-score variables. KBIT VK = KBIT-2 Verbal Knowledge subtest; CVLT 15, SDFR & LDFR =
CVLT-Il Trials 1-5, Short Delay Free Recall, and Long Delay Free Recall; WAIS LN & DS = WAIS-III Letter Number Sequencing & Backwards Digit Span; DKEFS
CW = DKEFS Color-Word Interference Contrast Score (timed contrast index). For all tests higher scores represent better performance, except for DKEFS CW,
where lower (faster) scores represent better performance. *p < .05, **p <.01, ***p < .001.
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Table F 4 Correlation Matrices for Theory of Mind and Demographic Variables by Age Group

Cognitive ToM Affective ToM Ethnicity Birthplace EAL CES-D MAQ

Young Adults

Cognitive ToM -

Affective ToM A1 -

Ethnicity -.01 .06 -

Birthplace .09 -.03 28" -

EAL -.04 .06 =31 -.52% -

CES-D -1 -13 .06 .03 0 -

MAQ -13 -14 .03 -.08 .02 T4 -

Hypertension? - - - - - - -
Older Adults

Cognitive ToM -

Affective ToM 56** -

Ethnicity .04 A1 -

Birthplace .07 14 20 -

EAL -.16 -.38*** -44% -.29** -

CES-D -19* -.04 15 10 -18 -

MAQ -.21* -.09 A3 0 -13 .80*** -

Hypertension -13 -.08 =17 -13 A7 0 .04

Note: Cognitive ToM and Affective ToM represent composite mean z-score variables. EAL = as an additional language; CES-D = Centre for Epidemiologic Studies
Depression Scale; MAQ = Multidimensional Anxiety Questionnaire. For ethnicity 1 = Caucasian, 0 = non-Caucasian; for birthplace 1 = born in North America, 0 =
born outside of North America; for EAL 1 = indicated English as their first language, 0 = indicated any language other than English as their first language; for
hypertension, 1 = self-reported physician’s diagnosis of hypertension and corresponding medication or lifestyle treatment, 0 = no hypertension.

2 No participant in the young adult sample reported a physician’s diagnosis of hypertension. *p< .05, **p< .01, ***p< .001
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Appendix G.

Reliability of the Reading the Mind in the Eyes Test

It is worth mentioning the poor reliability of the RMET considering its use in over 250
studies across the lifespan (Kirkland et al., 2013). Most information regarding the
reliability of the RMET (and ToM more broadly) is garnered from cross-cultural validation
studies that have translated the test into different languages (Vellante et al., 2013).
Recently reported internal consistency estimates for the RMET are generally quite poor
(e.g., a = .64, Soderstrand & Almkvist, 2012; a = .61, Vellante et al., 2013), and test-
retest reliability estimates range from poor to minimally acceptable across time ranges of
(one-year interval: ICC = .63, Fernandez-Abascal et al., 2013; three-week interval: r =
.60, Hallerback, Lugnegard, Hjarthag, & Gillberg, 2009; average three-week interval:
Pfaltz et al., 2013). These estimates are notably similar to what we observed in the
current study. For the RMET, it appears that a number of test items may not be
measuring the same construct across populations. Similar to others (Peterson & Miller,
2012; Pfaltz et al., 2013), we used item analysis to inform our decisions regarding
guestionable test items and conducted our primary analyses on a truncated 26-item
version of the original test. Possible explanations for low inter-item convergence that
warrant further consideration include sex differences in effort or performance (Kirkland et
al.,, 2013), speed-accuracy trade-off in responding (Harkness et al.,, 2005), or
ethnocultural differences in face or emotion processing (Koelkebeck et al., 2011). Other
authors have found that examining the emotional valences of the mental state judgments
required by each question in the RMET may yield useful information for construct validity
(Harkness et al., 2005).
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Appendix H.

Alternative Path Models

Verbal Comprehension

Executive Functions

Pulse Pressure

-.55 (-6.10)***

Sex (M/F)

Figure G1 Alternative path model with affective ToM predicting cognitive ToM
in young adults

Notel: x*[df = 8] = 7.34, p = .50; CFl = 1.00; RMSEA = 0 (90% ClI [0, .12]); SRMR = .07.
Parameter values are expressed as maximum likelihood estimates (standardized solution).
Numbers in parentheses indicate t values for parameter estimates (statistically significant t values
> |1.96]). We coded sex (M/F) as 0 = male and 1 = female.

Note2: Dashed arrows represent the individual associations that dropped to non-significance in

the alternative model.

*p < .05, **p < .01, **p < .001.

29 (2.80)**

17 (1.75)

-.25 (-2.23)*

-30 (-2.65)*

96

Cognitive ToM

.38 (4.07)**

Affective ToM




Verbal Comprehension

04 (.43)
N

N
A2 (4.54)%*
N

Executive Functions

.31 (3.35)* Cognitive ToM

Pulse Pressure L ".17 (-1.99) 40 (3i99)***

Affective ToM

27 (2.64)**

37 (3.37)*

Learning & Memory

47 (5.86)*+* -31 (-3.04)**

Sex (M/F)

Figure G2 Alternative path model with affective ToM predicting cognitive ToM
in older adults

Notel: x* [df = 8] = 5.25, p =.73; CFI = 1.00; RMSEA = 0 (90% CI [0, .09]); SRMR = .06.
Parameter values are expressed as maximum likelihood estimates (standardized solution).

Numbers in parentheses indicate t values for parameter estimates (statistically significant t values
> |1.96]). We coded sex (M/F) as 0 = male and 1 = female.

Note2: Dashed arrows represent the individual associations that dropped to non-significance in
the alternative model.

*p < .05, **p < .01, ***p < .001.
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Appendix I.

Non-linear Blood Pressure Effects

A number of variables in community-residing samples of young and older adults may
contribute to the broad range of blood pressure that is typically observed in cross-
sectional studies (e.g., use/non-use of anti-hypertensive medication and varying
adherence rates, white coat hypertension, comorbid CVRFs, genetics, etc.). Where a
wide range of blood pressure is available, it is possible that nonlinear (U-shaped or J-
shaped) relations between blood pressure and neurocognitive performance may
emerge: Very low blood pressure and very high blood pressure may be both detrimental
to neurocognitive health when compared to mid-ranges of blood pressure (Waldstein et
al., 2005). Thorvaldsson and colleagues (2012) found that in community-residing older
adults, both extremely low (< 75 mmHg) and extremely high (> 95 mmHg) DBP were
associated with cognitive decline over a 30-year period. Importantly, the use of a non-
linear (quadratic) variable conferred a statistical advantage in predicting associations
than the linear variable. Similar findings are reported for SBP (Waldstein et al., 2005).
Contrary to this research, we did not find that non-linear relationships offered any
meaningful advantage to interpreting data in the current study (see also Fischer et al.,
2014; Yeung & Thornton, 2011). It is possible non-linear patterns may emerge in clinical
samples with greater severity and burden of CVRFs and wider ranges of PP available
(Thorvaldsson et al., 2012).
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Appendix J.

Indirect Predictors of ToM

As a supplemental analysis we assessed whether any indirect or mediating relationships
existed among the predictor variables and ToM using bootstrap procedures implemented
in the AMOS software. Analysis of indirect effects was conducted based on 5000
bootstrapped samples using the separate path models for young and older adults
(Figures 5.2 & 5.3). Table J1 summarizes the standardized estimates for the Indirect
Effects and significance levels that relate to cognitive and/or affective ToM, along with
95% bias corrected and accelerated confidence intervals. An indirect mediating
relationship was considered to be indicated when, for any effect, the 95% bootstrapped
Cl did not include the value zero, indicating that the indirect effect of the mediator
differed from the value zero at p < .05 (two tailed).

Consistent with theoretical evidence presented in this dissertation for an organizational
scaffolding within ToM itself (e.g., Shamay-Tsoory et al., 2009; Vetter et al., 2013),
cognitive ToM mediated the association between executive functions and affective ToM
in young adults (Indirect Effect = .10, p < .01, 95% CI [.03, .18]). This indicated that in
early adulthood, better executive functions predicted better affective ToM indirectly via
strong cognitive ToM. Lower cognitive ToM mediated the association between high PP
and lower affective ToM across age groups (young: Indirect Effect = -.12, p < .01, 95%
Cl [-.24, -.03]; older: Indirect Effect = -.07, p = .02, 95% CI [-.18, -.01]). This indicated
that across ages, high PP negatively impacted affective ToM via poor cognitive ToM. In
older adults, cognitive ToM mediated links between better Learning & Memory and
better affective ToM (Indirect Effect = .12, p < .01, 95% CI [.04, .23]).

Further, in line with cognitive aging literature (e.g., McFall et al., 2014; Yeung &
Thornton, 2011), PP was an important mediator of ToM performance. High PP mediated
the association between biological sex and cognitive ToM in young adults (Indirect Effect
= .17, p < .01, 95% CI [.05, .33]). In older adults high PP jointly (along with Learning &
Memory and cognitive ToM) mediated associations between biological sex and affective
ToM (Indirect Effect = -.70, p = .02, 95% CI [-.18, -.01]).

Such indirect associations should be considered preliminary due to the smaller size of
our sample and potential interactive influences in the model; however they do lend
confidence to our findings regarding age differences in ToM. Variability in cognitive and
affective ToM is influenced by an array of neurocognitive, health, and demographic
variables and these variables operate both directly and indirectly. Our findings are in line
with neuropsychological views of ToM as a multidimensional construct, rather than an
innate, automatic process as assumed by historical perspectives. To truly understand
how these indirect effects operate future work is needed to replicate and extend these
findings within a larger sample and at multiple levels of analysis (e.g., neurocognitive
versus morphological; Kraemer et al., 2001). We note that that bootstrapped indirect
effects and their confidence intervals are less reliable when samples are small, such as
in the current study (Bollen & Stine, 1990). In this dissertation interpretation of the
direction and magnitude of indirect effects is limited due to interactive influences and our
use of nested models  for  the age groups (Finney, 1972).
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Table J 1 Summary of Indirect Effects for Predictors of Cognitive and Affective ToM

Association Indirect Direct p Indirect p 95% ClI Indirect Effect

Predictor(s) Effect Effect [lower, upper] indicated?
Young Adults
Executive Functions - Affective ToM Cognitive ToM - 10 <.01 [.03, .18] yes
PP - Affective ToM Cognitive ToM - -12 <.01 [-.24,-.03] yes
Sex (M/F) = Cognitive ToM PP -31 <.01 A7 <.01 [.05, .31] yes
Sex (M/F) - Affective ToM Cognitive ToM 0 - -.06 .07 [-.14, .01] no
Older Adults
Verbal Comprehension - Affective ToM Cognitive ToM .35 <.01 .07 .07 [-.01, 19] no
PP - Affective ToM Cognitive ToM - -.07 .02 [-.18,-.01] yes
Learning & Memory - Affective ToM Cognitive ToM - 12 <.01 [.04, .23] yes
Sex (M/F) = Cognitive ToM Learning & Memory, -31 .02 A1 15 [-.04, .27] no

PP

Sex (M/F) -> Affective ToM Learning & Memory, 0 - -.07 .03 [-.15,-.01] yes

PP, Cognitive ToM

Note: We present the standardized Direct Effects and standardized Indirect Effects for analyses conducted on 5000 bootstrapped samples. We considered the
Indirect Effect significant if the associated 95% bias corrected and accelerated confidence interval (i.e., column four) did not contain the value zero.
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