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Cognitive impairment and anxiety disorders are the two most common
psychiatric disorders in later life. These problems commonly co-occur and are
associated with a range of negative outcomes such as increased functional impairment,
greater healthcare utilization, and elevated risk of nursing home placement. Little
research has examined the stability of genetic influences on anxiety symptoms in older
adults. Similarly, the temporal dynamics of the relationship between cognitive

performance and anxiety as well as the extent to which shared genetic factors explain
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this association is unclear. The specific goals of this dissertation were to (1) explore
the stability of genetic and environmental influences on anxiety in older adulthood, (2)
explore the extent to which genetic factors influencing anxiety are also influencing
cognitive performance, (3) determine the temporal dynamics of this phenotypic
association, and (4) examine the extent to which genetic and environmental factors
were driving this association over time.

Design: We examined data from the Swedish Adoption/Twin Study of Aging
(SATSA). Between the years 1984 - 2007, 2,018 participants aged 31-98 years
completed as many as 7 assessments which included measures of anxiety and
cognitive performance. For aim 1, genetic simplex models were fit to examine the
stability of genetic and environmental influences on anxiety later in life. For the
second aim bivariate Cholesky decompositions were conducted to examine the extent
to which shared genetic influences explained the association between anxiety and
cognitive performance. For aim 3 we examined the temporal dynamics of the
association between anxiety and cognitive performance by fitting bivariate dual
change score models (DCSM). For the last aim biometric DCSM models were
estimated to examine the temporal dynamics of genetic and environmental
contributions.

Results: New genetic contributions to the etiology of anxiety were found beginning at
the ages 60-64. New significant unique environmental factors contributed to anxiety
symptoms starting after age 70. For aim 2, in males anxiety was associated with worse

nonverbal memory, attention, working memory, and aspects of spatial performance.
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Anxiety was only associated with worse visuospatial performance and picture memory
in females. For males, shared genetic factors were mostly explaining this association.
For females unique environmental factors were explaining this association. When
examining this association over time, across all cognitive tests worse cognitive
performance was a leading indicator of change in anxiety. Anxiety was not associated
with subsequent changes in cognitive performance. The biometric models suggested
that genetic factors contributing to variance in processing speed and attention were
driving variation in anxiety over time. Unique environmental contributions to spatial
abilities were driving subsequent variation in anxiety.

Conclusions: The findings from these four studies deepen our understanding of the
etiology of late life anxiety and its association with cognitive performance. This
information can help to identify older adults at risk for the development of anxiety.
The findings from this study also may inform intervention and prevention efforts for

older adults experiencing cognitive decline and anxiety.
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Anxiety and Cognition in Swedish Twins: Genetic and Environmental Influences
INTRODUCTION
Adults over the age of 65 are the fastest growing segment of the population,
with numbers expected to double to an estimated 72 million people, or 20% of the
U.S. population by the year 2030 (Jacobsen, Kent, Lee, & Mather, 2011) . Anxiety
disorders are the most prevalent psychiatric disorder other than cognitive impairment
in older adulthood, with as many as 14% of older adults meeting diagnostic criteria for
an anxiety disorder (Wolitzky-Taylor, Castriotta, Lenze, Stanley, & Craske, 2010).
Late-life anxiety is associated with negative outcomes such as greater functional
impairment (Brenes et al., 2008; Porensky et al., 2009), death ideation (Van Orden,
Simning, Conwell, Skoog, & Waern, 2013), more health care utilization (Porensky, et
al., 2009; Vasiliadis et al., 2012) , and greater risk for nursing home placement
(Gibbons et al., 2002). As the aging population grows so will the importance of
understanding anxiety in later life
Symptoms of anxiety in later life are relatively stable and frequently lead to the

development of depressive symptoms (Wetherell, Gatz, & Pedersen, 2001). Due to
the chronic nature of anxiety, a majority of older adults with anxiety disorders have
had these disorders most of their lives (Goncalves & Byrne, 2012a; Kessler et al.,
2005). Onset in later life does exist and is relatively common. Chou (2009) found in a
large epidemiological study, that almost half of the older adults with Generalized
Anxiety Disorder (GAD) had onset after the age of 55. Treatment studies of late life

GAD suggest that the disorder may have a bimodal onset with a peak of onset earlier



in life as well as increased rate of incidence after the age of 50 (Le Roux, Gatz, &
Wetherell, 2005). It seems as if anxiety is stable across later life with evidence for a
later life onset.

What is contributing to this stability over time? Specifically, are the genetic
and/or environmental contributions to anxiety symptoms stable across older
adulthood? A number of differences exist in the presentation of anxiety later in life
compared with to younger adulthood. New physiological (e.g. biological aspects of
normal aging, chronic illnesses, and cognitive impairment) or environmental (e.g. role
transitions associated with aging, loss of independence, caregiving for significant
other, and bereavement) may be unique to the presentation of anxiety later in life
(Wolitzky-Taylor, et al., 2010).

Although it is understood that these new physiological and environmental
influences may co-occur more frequently with anxiety in later life, little is known
about the stability of genetic and environmental contributions to the overall etiology of
anxiety across older adulthood. Twin behavioral genetic studies allow for the
examination of the overall contribution of genes and environment on a phenotype.
Twin studies examining the contribution of genes to the etiology of anxiety suggest
that genetic factors explain approximately 34-46% of the variance in anxiety
symptoms in younger adults (Kendler, Heath, Martin, & Eaves, 1986). Similar
estimates of the genetic contributions to anxiety disorders have been found with
research suggesting that one set of genetic influences convey risk across all of the

different anxiety disorders (Hettema, Prescott, Myers, Neale, & Kendler, 2005). The



genetic contribution to the respective anxiety disorders have been estimated as
follows: GAD = 0.20, Panic = 0.27, Agoraphobia = 0.20, Social Phobia = 0.10, and
specific phobia = 0.24. Research examining the variability of depressive disorders and
depressive symptoms across the lifespan suggests that new genetic influences may
emerge later in life. A longitudinal examination of individuals across the lifespan
found new genetic influences on depressive symptoms in females at age 70 (Gillespie
et al., 2004). Gatz et al. (1992) found that the heritability of depressive symptoms was
greater in adults older than 60 than in adults younger than 60. In another examination,
Carmelli et al. (2000) found that genetic influences on depression increased in later
life by approximately 25%. These studies examining the genetic contributions to
depression have been mixed however, as some studies have reported no moderating
effect of age on heritability of depressive symptoms (Johnson, McGue, Gaist, Vaupel,
& Christensen, 2002; McGue & Christensen, 2003). It is unknown the extent to which
age moderates the heritability of anxiety symptoms.

Identifying the extent to which new genetic factors or environmental stressors
contribute to the etiology of anxiety during later life is important for a number of
reasons. Identifying these factors may help to identify new targets for psychosocial
and pharmacological treatments. A better understanding of the contribution of genes
and environment also may aide in identifying older adults who are at particularly high
risk for the development of anxiety. Mental health disorders in later life are often
undetected by healthcare providers resulting in older adults in need not receiving

adequate treatment (Gum et al., 2011). In addition to potentially improving



interventions, learning how genetic and environmental influences are contributing to
the stability of symptoms later in life may also improve screening, preventative, and
treatment outreach efforts.

The first aim of this dissertation attempted to address this first gap in the
literature. Specifically, we aimed to examine the stability of genetic and environmental
contributions on anxiety symptoms across older adulthood. We sought to identify if
new genetic or environmental influences are contributing to the etiology of anxiety
symptoms in older adulthood. Similar to studies with depression, we hypothesized
that new genetic innovations will be contributing to the etiology of anxiety in later life.

Although twin studies are beneficial in that they provide an overall estimation
of the contribution of genes and environment on a trait, they do not provide
information regarding what those specific genetic or environmental contributions are.
Examining characteristics that are unique to the presentation of anxiety may shed light
onto what these specific genetic or environmental influences might be. As previously
described, factors that commonly co-occur with anxiety in older adults more
frequently than younger adults are cardiovascular disease, functional impairment, and
providing care for a significant other (Chou, 2009).

Cognitive functioning is another factor salient to anxiety in later life
(Beaudreau & O'Hara, 2008). Specifically, poorer cognitive performance has been
associated with increased anxiety. A number of questions regarding the nature of this
association remain unanswered. It is unclear the extent to which shared genetic factors

common to both anxiety and cognitive performance are explaining this association.



The directionality of the association is also not clear. Lastly, it is unclear what genetic
or environmental factors are driving this longitudinal association.

The cognitive domains that appear most associated with anxiety are domains
mediated by the frontal and temporal regions of the brain. Cross-sectional
examinations with community dwelling older adults document that higher state
anxiety symptoms are associated with worse learning and delayed recall (Bierman,
Comijs, Jonker, & Beekman, 2005) as well as set-shifting and delayed recall (Booth,
Schinka, Brown, Mortimer, & Borenstein, 2006). Similarly, Beaudreau and O’Hara
(2009) found that increased symptoms of anxiety were associated with slower
processing speed, poorer set-shifting, and inhibition. This association is also
independent of depressive symptoms. Anxiety disorders in late life have also been
correlated with worse cognitive abilities. Mantella et al. (2007) found that older adults
with Generalized Anxiety Disorder (GAD) had worse memory and executive
functioning than participants without GAD. This association has also been found in
physically frail older adults who are homebound. Petkus, Gum, & Wetherell (in press)
found that anxiety symptoms or meeting criteria for an anxiety disorder was associated
with increased likelihood of having cognitive impairment independent of physical
health, age, education, and depression in homebound elderly.

Longitudinal studies find that anxiety symptoms and disorders may be
associated with cognitive decline over time. Community dwelling older adults with
clinically significant symptoms of anxiety may be four times more likely to be

identified as cognitively impaired on the Mini Mental Status Exam (MMSE) over the



next three years (Sinoff & Werner, 2003). The cognitive component of anxiety,
specifically worry, may be particularly important. Community dwelling older adults
experiencing mild worry symptoms had worse performance on tasks of visual and
associate learning. Additionally, in this study those with higher worry were more
likely to exhibit clinically significant declines in functioning two years later (Pietrzak
et al., 2012). Suffering from an anxiety disorder may confer additional risk to
cognitive impairment. Depressed older adults with comorbid GAD or Panic disorder
had greater declines in memory performance than those without comorbid anxiety
(DeLuca et al., 2005). Anxiety also appears to be associated with increased risk of
developing cognitive syndromes such as mild cognitive impairment or dementia.
Anxiety disorders in men and anxiety symptoms in women were found to be
associated with increased risk of new incidence cognitive impairment (Potvin, Forget,
Grenier, Preville, & Hudon, 2011). Qureshi et al. (2010) found that older veterans
with PTSD were approximately twice as likely to develop dementia when compared to
veterans without PTSD. In another retrospective medical records examination, Yaffe
et al. (2010) found that 10% of older adults with PTSD went on to develop dementia
over a span of seven years compared to 6.6% of those without PTSD. Furthermore,
PTSD was associated with being twice as likely to develop dementia over this follow-
up period even after controlling for depression, substance abuse, and head injury.
There have been some mixed findings, however, with not all research finding an
association between anxiety and cognitive decline over time (Wetherell, Reynolds,

Gatz, & Pedersen, 2002). Taken together the evidence from cross-sectional and



longitudinal studies document that anxiety and cognition are related and anxiety may
be a risk factor for future decline.

Evidence also exists to suggest declining cognitive performance may lead to
subsequent increases in anxiety. Rates of psychiatric symptoms such as depression and
anxiety are higher in older adults with clinically significant cognitive deficits such as
Mild Cognitive Impairment (MCI) or dementia. As many as 29% of older adults with
MCI and 69% with dementia suffer from clinically significant symptoms of emotional
distress (Lyketsos et al., 2002). Older adults with MCI are three times more likely to
have clinically significant anxiety than those with normal cognitive functioning (Geda
et al., 2008). Anxiety and worry are some of the most common psychiatric symptoms
affecting older adults with dementia (Teri et al., 1999). Anxiety may be an important
predictor of future cognitive decline and disease progression from MCI to dementia
(Palmer et al., 2007). Compared to younger worriers, older adults may worry more
about health (Goncalves & Byrne, 2012b). Lastly, Jajodia and Borders (2011) found
that memory decline was associated with subsequent increases in depression; however
depression was not associated with future declines in memory. This research with
cognitively impaired older adults demonstrates that cognitive decline may be a risk
factor for increased emotional distress such as anxiety.

Mechanisms

The hypothalamic-pituitary-adrenal (HPA) axis is a physiological system

mediating the hormonal response to stress that is associated with anxiety that may also

affect cognition (Carlson, 2004).



Chronic activation of the HPA axis has been shown to be associated with increased
risk for chronic physical conditions particularly cardiovascular diseases (i.e. high
blood pressure, diabetes, and heart disease). In addition to negatively influencing
physical health, chronically elevated cortisol may affect cognitive functioning.
Elevated cortisol levels have been shown to damage the hippocampus (Lupien et al.,
1998) which in turn may explain deficits in learning and memory. The prefrontal
cortex may also be vulnerable to damage from cortisol (Kremen et al., 2010). In this
study elevated cortisol was also associated with worse visuospatial ability, abstract
reasoning, processing speed, and executive functioning. Furthermore, those with
higher cortisol levels had significantly thinner prefrontal cortices.

Anxiety is associated with a dysregulation of this stress response. Individuals
with anxiety disorders have repeatedly shown to exhibit a chronic hyperactivation of
the HPA axis and elevated cortisol levels (Mantella et al., 2008). Treatment for late
life anxiety may result in decreased HPA activation (Lenze et al., 2011). Furthermore,
these decreases are correlated with improvements in memory (Lenze et al., 2012).
Studies with younger adults suggest that individuals with anxiety disorders may have
smaller hippocampal volumes (Stein, Koverola, Hanna, Torchia, & McClarty, 1997)
as well as smaller prefrontal cortices (Corbo, Clement, Armony, Pruessner, & Brunet,
2005; Radua, van den Heuvel, Surguladze, & Mataix-Cols, 2010) than those without
an anxiety disorder. A study with older adults with PTSD supports this hypothesis that
chronically elevated anxiety may be damaging these brain areas (Cardenas et al.,

2011). In this study, PTSD was associated with increased atrophy of the prefrontal



cortex over time and the amount of atrophy correlated with changes in cognitive
functioning.

Cognitive theories, specifically Eysenck’s theory of cognitive processing, may
also explain this relationship between cognition and anxiety (M. Eysenck & Calvo,
1992; M. W. Eysenck, Derakshan, Santos, & Calvo, 2007). This theory posits that
anxiety is a survival process with the adaptive value of detecting and protecting us
from threat. As such, when experiencing anxiety our cognitive and attentional
resources are allocated to any threatening stimuli in the environment. Individuals with
elevated anxiety tend to be hypervigiliant to task irrelevant and ambiguous stimuli. As
a result, cognitive resources are wasted leaving fewer resources to be allocated to the
primary task the individual is engaging in. The primary result is an overall deficit in
cognitive performance. This theory suggests that older adults may be more vulnerable
to the cognitive effects of anxiety. Cognitive functions such as processing speed,
executive functioning, and fluid intelligence decline as part of the aging process
(Salthouse, 2010). Thus, anxiety may consume already decreasing cognitive resources
explaining why anxiety is associated with cognitive deficits later in life.

Cognitive performance may also influence subsequent anxiety levels (Kremen,
Lachman, Pruessner, Sliwinski, & Wilson, 2012). Cognitive problems may be a source
of worry and anxiety in older adults. Older adults are more likely to worry about
developmental salient things such as health (Gould & Edelstein, 2010; Wetherell, Le
Roux, & Gatz, 2003). Because anxious older adults worry more about health it is

likely that declining cognitive performance may be the content of current and future
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worries as well. One aspect of executive functioning is problem solving (Burton,
Strauss, Bunce, Hunter, & Hultsch, 2009; Burton, Strauss, Hultsch, & Hunter, 2006).
Thus, deficits in problem solving may result in result in ability to deal with current
stressors or prevent future stressors from arising in the future. This inability to
adequately solve problems may in turn result in the development of anxiety. Research
conducted with younger adults support this hypothesis. Higher cognitive performance
at age 20 was associated with lower cortisol levels at age 55, suggesting the protective
effects of cognition on subsequent stress levels (Franz et al., 2011).

Shared genetic contributions to both anxiety and cognitive functioning later in
life may also explain this relationship. It is possible that genetic factors influencing
anxiety may be shared with cognitive functioning and cognitive decline. Although
findings have been mixed, the short form of the serotonin polymorphism transporter
gene (SHTTLPR) appears to be associated with increased risk for a number of
psychiatric conditions such as depression (Lotrich & Pollock, 2004), and anxiety
(Schinka, Busch, & Robichaux-Keene, 2004). While less research has examined the
SHTTLPR allele in relation to cognitive functioning, there appears to be an association
between this allele and cognitive abilities. O’Hara et al. (2007) found that those with
the short form of the SHTTLPR allele had worse memory function and lower
hippocampal volume than those with the long allele. Additionally, they found a
significant interaction with cortisol in that those with the short allele had higher
waking cortisol. Other research found that older adults with the short allele performed

significantly worse on a cognitive screening test than those with the long allele
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(O'Hara et al., 2012). A large body of research has implicated the apolipoprotein
(APOE) €4 allele as a risk factor for declines in cognitive functioning in later life
(Bookheimer & Burggren, 2009; Small, Rosnick, Fratiglioni, & Backman, 2004).
Research suggests that the effects of this gene are modified by stress such as anxiety.
Carriers of the APOE ¢4 allele may be more vulnerable to the adverse effects of stress
and cortisol on cognitive functioning (Lee et al., 2008). Older adults with the APOE ¢
4 allele who experience a significant stressful life event later in life may have greater
declines in cognition than those without this allele (Comijs, van den Kommer,
Minnaar, Penninx, & Deeg, 2011). Similarly, older adults with the APOE e4 allele
who experienced a sexual assault in adolescence or early adulthood experienced
greater and earlier declines in executive functioning later in life (A. J. Petkus,
Wetherell, Stein, Liu, & Barrett-Connor, 2012). Carriers of the APOE ¢4 allele who
experience depressive symptoms appear more vulnerable to cognitive decline than
those without depressive symptoms (Corsentino, Sawyer, Sachs-Ericsson, & Blazer,
2009). These studies examining specific genes suggest that some of the genetic
influences on anxiety and cognition may be shared. The total proportion of the
variance in these phenotypes accounted for by shared genetic factors however is
unknown.

This review of the literature highlights a number of important areas for future
examination on cognition and anxiety. The directionality of the relationship between
anxiety and cognitive aging is not clear. Specifically, it is unclear if changes in anxiety

occur before future declines in cognitive functioning, if cognitive declines are
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occurring before increases in anxiety, or if this is a bi-directional relationship
(Kremen, et al., 2012). Additionally, it is unclear the extent to which genetic
influences on anxiety vary across middle adulthood into later life. The extent to which
genetic influences on anxiety and cognition are shared later in life is also unknown.
Understanding how anxiety and cognitive impairment interact with each other can
help improve prevention and detection of these problems later in life. Furthermore,
understanding how genetic and environmental influences contribute to this association
is crucial, as this research can help elucidate biological and environmental
mechanisms which than can then be the targets for future interventions.
Current Aims

This dissertation attempted to address these aforementioned gaps in the
literature by investigating the temporal dynamics of the association between anxiety
and cognitive performance. More specifically, this study aims to:
Specific Aim 1: Explore the variation in the genetic influences on state anxiety
across the second half of the lifespan.
Specific Aim 2: Explore the extent to which shared genetic and environmental
influences explain the cross-sectional correlation between cognition and anxiety.
Specific Aim 3: Examine the temporal dynamics of the phenotypic association
between anxiety and cognitive functioning over time.
Specific Aim 4: Explore the extent to which shared genetic influences explain the

correlation between cognition and anxiety over time.
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METHOD
Participants and recruitment: Archival data was drawn from the Swedish Adoption
Twin Study of Aging (SATSA), a subset of the Swedish Twin Registry. The Swedish
Twin Registry includes data from all same-sex twin pairs born in Sweden between
1886 and 1958 and is representative of the Swedish population (Cederlof & Lorich,
1978). SATSA contains all twins from the Swedish registry who were separated and
reared apart before the age of 11 as well as twins reared together who were matched
with the twins reared apart on gender, county of birth, and age (Finkel & Pedersen,
2004; Pedersen, Friberg, Floderus-Myrhed, McClearn, & Plomin, 1984). Beginning in
1984, this study enrolled 2,019 participants (758 complete twin pairs) from the larger
Swedish Twin Registry. In 1986, a subsample of those twins aged 50 or older
completed an in-person assessment that included a cognitive battery. Participants
completed subsequent follow-up assessments every three years. Participants who were
younger than 50 years old at the first in-person assessment but turned 50 during the
follow-up period were invited to complete the cognitive tests upon their 50th birthday.
See figure 1 for flow chart of the assessment schedule with the number of participants
and twin pairs at each time point.

This dataset is particularly advantageous as a means for investigating our
research question. Due to the fact that half of the twin pairs were reared apart, this
dataset has increased power to examine the contribution of shared environmental
influences. Participants completed as many as seven assessments over a span of 26

years. This assessment schedule allows for the examination of non-linear trajectories
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of the variables of interest over time. For greater detail on the SATSA methods and
sample, please see Finkel & Pederson (2004) or Pedersen et al. (1984).

Procedures: Participants were invited to participate in SATSA with the purpose of
examining health and cognitive abilities. Between the years of 1984-2007, twin pairs
completed both questionnaires and in-person testing assessments (IPTs). Participants
completed [PTs and mailed questionnaires approximately every three years. Due to a
gap in funding, the fourth IPT was conducted over the phone; thus, cognitive data are
not available for this time period. Participants were assessed on the following
schedule: IPT1 = 1986-1988; IPT2 = 1989-1991; IPT3 = 1992-1994; IPT4 = 1995-
1997; IPT5 = 1999-2001; IPT6 = 2002-2004; IPT7 = 2005-2007. All participants,
regardless of age, completed mailed questionnaires every 3 years. Mailed
questionnaires included the assessment of anxiety and neuroticism, but did not include
cognitive assessments. Participants completed the questionnaires during the following
years: Q1 = 1984, Q2 = 1987, Q3 = 1990, Q4 = 1994, Q5 =2004, Q6 =2007, & Q 7 =
2010. All participants with at least one assessment were included in the study.

The assessment battery included measures of various cognitive abilities and
anxiety. Cognitive measures were administered only during the IPTs. Measures of
anxiety were administered during both the IPT and questionnaire assessments. Other
data such as demographic information, zygosity (monozygotic vs. dyzygotic), and
rearing status (apart vs. together) were evaluated at each participant’s Q1 assessment.

Measures:
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Anxiety: State anxiety was measured using the state anxiety subscale of the
State-Trait Personality Inventory (STPI; Spielberger, 1983). The STPI has been shown
to be reliable and valid with community dwelling older adults (Potvin et al., 2011).
The STPI was administered at Q1, Q2, Q3, Q4 as well as IPT2 and IPT3.

Neuroticism.: Neuroticism was measured using the Eysenck Personality
Inventory. The ENI is a 9-item scale in which participants rate dichotomously (No = 0,
Yes = 1) if they have been experiencing the item in past two weeks. Higher scores
represent more neuroticism. Neuroticism was administered at all the questionnaire
time points (Q1-Q7) as well as IPT 2 thru I[PT7.

Anxiety Crosswalk: In order to utilize all assessment points in the analyses, a
Rasch analysis was conducted to create a crosswalk between the ENI and STPI. The
resulting crosswalk score is a calculated STPI score based on the ENI. The similarity
of the item content and theoretical association between measures provides the basis of
this analysis. Table 1 presents a comparison of the items on the STPI and ENI.
Neuroticism is a personality trait common to both anxiety symptoms and disorders
(Clark & Watson, 1991; Weinstock & Whisman, 2006). Due to the significant overlap
between the constructs of anxiety and neuroticism as well as item overlap of the ENI
and STPI, we hypothesized that the ENI and STPI are measuring the same underlying
construct. Although these measures have different rating scales they can be linked
together and put onto the same metric using Rasch analysis. Additional information on

the crosswalk procedure will be provided in the statistical analysis and results section.
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The Anxiety Crosswalk variable was computed at each time point the ENI was
administered (i.e. Q1-Q7 and IPT2-1PT?7).

Cognitive Assessment: The SATSA cognitive battery is designed to measure the
cognitive domains of processing speed, nonverbal memory, attention/working
memory, and spatial abilities. A total of 9 cognitive tests were administered to
measure these four domains of functioning. The proportion of points earned out of the
total points possible (0-100) was calculated and used as the outcome for all cognitive
tests. Prior SATSA investigations report high reliabilities of these cognitive tests, with
alphas ranging from 0.82-0.96 (Finkel, Reynolds, McArdle, Gatz, & Pedersen, 2003;
Finkel, Reynolds, McArdle, Hamagami, & Pedersen, 2009; Finkel, Reynolds,
McArdle, & Pedersen, 2005, 2007).

Processing Speed.:

Symbol Digit: Participants were presented with symbols and participants are
asked to verbally report digits that correspond to the symbols (Pedersen, Plomin,
Nesselroade, & McClearn, 1992).

Figure Identification (Dureman, Kebbon, & Osterberg, 1971): Participants
completed a 60-item pattern-matching test. Each item has five choices, and
participants are instructed to identify the item that matches the target item as quickly
as possible.

Memory:
Thurstone Picture Memory: (Dureman, et al., 1971) The Thurstone Picture

Memory test measures visual recognition memory. Participants are presented with 28
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drawings of items for five seconds then are asked to recall which items they had
previously seen.

Attention/Working Memory:

Digit Span: (Jonsson & Molander, 1964) Attention and working memory were
assessed using the Digit Span test. Participants are asked to repeat strings of 3-9 digits
forward and backward. The final score is the sum of the highest number of digits the
participant can recall forward and backward. Digit Span forward is a measure of
attention while Digit Span backwards measures both attention and working memory
(Ramsay & Reynolds, 1995). In this study we analyzed Digit Span both as a
composite total score of digits forward and backwards combined and with both
subtests separately.

Visuospatial abilities:

Koh’s Block Design: (Dureman, et al., 1971) The Block Design task is similar
to the WAIS Block Design task. Participants use blocks to create seven designs. Each
item is scored from 0-6 based on the amount of time taken to complete the design.

Card Rotations: (Ekstrom, French, & Harman, 1976) Participants are given a
target design followed by four items. Participants then rate which of the items was a
rotated form of the target. Possible scores range from 0 to 112.

Other Covariates: Depression was measured with the Center for
Epidemiological Studies Depression (CES-D) scale (Radloff, 1977). The CES-D has
been shown to be reliable and valid with community dwelling older adults (Hertzog,

Van Alstine, Usala, Hultsch, & Dixon, 1990). The CESD was administered at each
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IPT. Education was assessed at Q1 and was coded on a four-point scale (1 =
elementary education to 4 = university or higher).

Zygosity and rearing status: Monozygotic (MZ) twins are genetically identical
and share 100% of their genes. Dizygotic twins, on average, share half of their genes.
Zygosity was determined using standard serological assay. Twins were classified as
being reared apart if they were separated before the age of 11 years old. The majority
of twins reared apart were separated before the age of five (82%; Pedersen et al 1991).
Statistical Analyses

Analyses were performed using the following programs: Open MX (Boker et
al., 2011), classic MX version 1.7.03 (Neale, Boker, Xie, & Maes, 2003), MPLUS
version 6.12 (Muthen & Muthen, 2010), SAS version 9.3, and WINSTEPS version
3.74 (Linacre, 2012). In sections describing the specific analysis for each aim will
indicate what software was used to perform the analysis described.

Genetic Analyses

Standard biometrical genetic model-fitting methods were used for all
genetically informed analyses (aims one, two and four). Twin studies are especially
informative because they allow for the decomposition of the variance of a phenotype
into the following components: the additive genetic variance (A), non-
additive/dominance genetic variance (D), shared environmental variance (C), and non-
shared environmental variance including error (E). It is not mathematically possible to
estimate all four variance components of variance in the same model. We fit ACE and

ADE models for aim one. Research suggests little influence of common environment
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on anxiety (Gillespie, et al., 2004) or cognitive performance later in life (Reynolds et
al., 2005). Results from the first aim of this dissertation did not find any significant
contributions of shared environment on anxiety. Thus, in order to reduce the number
of models run for later aims we fit an ADE model and did not examine shared
environmental contributions.

For the ACE models four sets of equations were used. Equations are based on
whether the twin pair is monozygotic reared together (covMZT =V, + V. + V,),
monozygotic reared apart (covMZA =V, + V. ), dizygotic reared together (covDZT =
0.5%V, + V. + V), or dizygotic reared apart (covDZA = 0.5*V,+ V.). The coefficient
for monozygotic twins is 1.0 because monozygotic twins share 100% of their genes.
The coefficient for dizygotic twins is set to 0.50 because these twins share 50% of
their genes on average. Four different covariance matrices were created for each twin
type: MZA, MZT, DZA, and DZT. Twins before the age of 11 have been classified as
reared apart in prior SATSA examinations. Environmental events early in life (before
the age 11) can have important impact on the development of cognitive abilities and
anxiety later in life. To ensure we were modeling early shared environment correctly,
sensitivity analyses were run in which rearing status was not accounted for. In these
models only two different covariance structures were used: one for MZ twins and one
for DZ twins. For the ADE models two sets of equations were used in each model.
The equations are based solely on the zygosity of the twin pair. The equation for MZ
and DZ twins in the ADE model were written as:

covMZ =V, + V4+ Ve
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covDZ =0.50*V, + 0.25*V4+ V.

See figure 2 for a depiction of these associations between twins. Important
assumptions of biometric twin models include the following: 1) the environment in
which the trait is examined is the same for DZ and MZ twins (i.e. DZ and MZ twins
are treated the same way), 2) mating is random, 3) no epistasis or dominance, 4) no
gene by environment interaction or correlations are present, and 5) effects of natural
selection or genetic mutations are too small to affect the results (Verweij, Mosing,
Zietsch, & Medland, 2012).

One assumption of these models is that the data is missing at random. We are
unable to establish whether this assumption is met due to the fact that complete
mortality data is not available. Previous SATSA studies have examined characteristics
of participants who dropped out during the course of the study (Pederson & Reynolds,
1998; Finkel & Pederson, 2004; Finkel et al. 2007). These studies have found that
those participants remaining in the study are significantly different than those who
have dropped out. Older participants were more likely to have to have three or more
assessment points when compared to younger participants.

Remaining analyses were conducted according to the Specific Aims outlined
below.

Rasch anxiety crosswalk

Common person-item equating was employed to create the crosswalk to link

the ENI and STPI. Creating a crosswalk requires the following: (1) common items

across the two measures and (2) a sample who have completed both measures
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(Velozo, Byers, Wang, & Joseph, 2007). Table 1 presents the items and rating scales
of the two measures. Both measures contain similar items assessing “worry”,
“anxiousness”, “nervousness”, and “restlessness”. This suggests that substantial
overlap exists in the content of these two instruments. Additionally, the other items of
the ENI (making decisions late, feeling tired, deep in thought, sensitivity) are also
common symptoms of anxiety providing further face validity of the ENI as a measure
of anxiety. A direct one-to-one correspondence between items is not necessary for
completion of a Rasch item linking (Bond & Fox, 2007). All that is necessary is a
substantial commonality of items across the measures to suggest the same underlying
construct is being assessed. At Q1 a total of 1,322 participants completed both the ENI
and the STPI. The Rasch modeling program WINSTEPS version 3.74 (Linacre, 2012)
was used for the crosswalk analysis. The procedure used by past research (Velozo, et
al., 2007) was followed to link the scales. The specific steps used to link the two tests
are described next.

Step 1: Convert ENI ratings to match STPI ratings

Before conducting the Rasch analysis we conducted item transformations to
ensure conceptual consistency between the two scales. Some items of the STPI (items
1, 3,7,9) were initially rated with higher scores representing lower anxiety. These
items were reversed scored in order to be consistent with the rest of the items from the
STIP and ENI. Following the item recoding, a higher score represented more anxiety
for all items across both measures.

Step2: Remove Invalid Data
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The conversion between two measures should only be done with valid data
(Bond & Fox, 2007). One criterion for valid data is that participants have similar
scores on both measures. A participant endorsing low anxiety on the STPI should also
endorse low neuroticism on the ENI. The steps outlined in Bond and Fox (2007) for
assessing this assumption were conducted. First, a separate Rasch analysis of the STPI
and ENI was conducted. The ability estimates and standard errors for each participant
were saved. A scatterplot of ability estimates was created with ENI on the X axis and
STPI on the Y axis. The standard errors were then used to create a 95% confidence
interval around the scatterplot. Person measures falling outside the 95% confidence
intervals were removed for the subsequent calibration analyses.

Step 3: Generate ENI and STPI Cocalibrated Item and Rating-Scale Measures

We conducted a Rasch model by bringing together all of the items from both
measures in a WINSTEPS Rasch analysis. A Partial Credit Model was used to account
for the differences in rating scales between the two measures. The person-item map
was examined to compare the difficulty of each item. Additionally, Cronbach’s alpha,
item-total correlations, as well as infit and outfit mean squares were examined to
assess adequacy of fit. The infit and outfit mean squares are indicators of how well an
item is fitting in the Rasch model. The infit mean square is weighted to give more
influence towards persons who are closer to the mean. The outfit mean square is
unweighted which increases the influence of outlying scores (Bond & Fox, 2007) . For
clinical instruments, Wright and Linacre (1994) propose that acceptable mean squares

range from 0.50 to 1.70. A lower mean square means that participants exhibited too
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little variation in how they responded (e.g. an item in which almost all participants
responded yes therefore minimizing the amount of helpful information provided by the
item). A higher mean square represents an item that was too haphazard resulting in too
much variation in responses (i.e. an item that participants were too unpredictable in
response pattern). The following criterion were used to determine if an ENI should be
removed from further analysis: 1) Poor face validity with STPI items 2) both infit and
outfit mean squares below 0.50 or above 1.7 or 3) ability estimates of ENI items not
lining up with the STPI items on the item map. Items that met this criterion were
removed and step 3 was repeated. The item and step measures from this cocalibrated
Rasch analysis were then saved and each used as anchors for subsequent analyses.

Step 4: Anchor Separate ENI and STPI Rasch Analyses to Item and Step
Measures from the Cocalibrated Analysis

Separate Rasch analyses were then conducted for the ENI and STPI. Both of
these analyses were anchored with the item and step measures from the previous step.
The score file which links the measures raw score with the predicted ability score was
saved for both measures. The raw scores for each that corresponded to the same ability
score were then linked to create a raw-score conversion table. This table allows for
ENI raw scores to be translated to the equivalent STPI raw score.

Step 5: Correlate Anxiety Crosswalk Score with STPI True Score

The last step consisted of computing the Anxiety Crosswalk score from the

ENI score via the raw-score conversion table for each participant. The Anxiety
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Crosswalk at Q1 and Q2 were correlated with Q1 and Q2 STPI scores to assess the
association between the two scales.

Specific Aim 1: Examine the variation in the genetic influences on state anxiety
across the second half of the lifespan.

Aim 1 included the 1,477 participants who had completed at least one STPI or
Anxiety Crosswalk. Participant’s age was calculated and classified to be in one of nine
age intervals: 54.9 and under, 55-59.9, 60-64.9, 65-69.9, 70-74.9, 75-79.9, 80-84.9, or
85+. If participants were assessed twice during one of these periods only the first
observation was used. See table 2 for the total number of complete and partial twin
pairs by zygosity, rearing status, and age group. The average age of participants at the
Q1 assessment was 60 (SD = 13.0) years old. The phenotypic correlation for the STPI
between MZ twins was 0.369 and 0.048 for DZ twins. The phenotypic correlation for
MZ twins was more than twice the correlation of DZ twins, which is suggestive of
both additive genetic as well as potential dominant genetic influences.

Simplex models were fit to examine the stability of genetic and environmental
influences on anxiety symptoms over time. Simplex models allow for the analysis of
the longitudinal nature of the data and allow for inferences of causation (Boomsma,
Martin, & Molenaar, 1989) . This type of modeling allows for discrimination of
genetic/environmental factors that are persistent across time and factors that are
unique to a certain age. Genetic simplex models are autoregressive in which scores are
predicted on the basis of the previous time point. Figure 3 displays the full simplex

model that was estimated. The anxiety score at age 55-59.99 can be expressed by the
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following equation: anxss.so = Psa * anxss + (ss.s9. In this equation anxss_so term
represents the latent variable of anxiety for those 55-59 years old. The Ps4 is the
regression of the latent factor on the preceding latent factor of anxiety for those 54 or
younger (anxss). The parameter {ss.59 is the new genetic innovation for those between
the ages of 55-59. The equation for the measurement model for those 54 and under
was written as ANXsy = Asa*anxss + €s4. In this equation ANXs4 represents the raw
anxiety score for someone at this age group, As4 represents the factor loading of this
raw score on the latent variable anxss, and €s4 represents the measurement error of the
observed variables. The innovation term ({) in the structural equation represents
genetic or environmental factors that significantly explain variance at that age group
as well as every subsequent age. For example, if genetic innovations at the age 54 and
younger are observed, those genetic innovations would continuously explain variance
at all subsequent time points. Likewise, if significant genetic innovations were
observed at the age of 70-74, this would indicate that new genetic influences explain
additional variance in anxiety at this age as well as all subsequent ages. These genetic
factors in this 70-74 innovation however, would not explain variance in participants
younger than 70. The error terms for the last two time points were constrained to be
equal. This constraint is needed in order for the model to be identified and converge.
The models were fit using standard biometric fitting approaches. We
examined three full models: 1) ACE accounting for rearing status (apart or together),
2) an ACE model without accounting for rearing status, and 3) an ADE model to test

for dominance. In total, the full ACE or ADE model estimated 60 parameters
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consisting of: seven error terms (€s4 — €30), eight means ([ts4 — iss), eight innovations
() and eight regression coefficients (p) for each source of variation (A, C/D, or E).
We examined the effect of dropping the shared environment parameter (C) on model
fit by dropping this term and estimating an AE model. Likewise, we also examined the
effect of dropping the genetic dominance parameter (D) on model fit by dropping this
term. Model comparisons were done by comparing the difference between the
negative log likelihood between models. Parameters were kept in the model if
dropping the parameter from the model resulted in significantly worse fit (p <0.05)
when compared to the full model. After determining if an ACE, ADE, or AE model
best explained the data we examined the effect of genetic and environmental
innovations at each specific time point. To do this we systematically dropped each
genetic and environmental innovation term one by one for each time point starting at
the age 55-59 group. Again, the log-likelihood difference test was used to compare the
submodel to the best fitting model from the prior step. Innovations were kept in the
model if dropping the parameter resulted in significantly worse model fit. The goal
was to develop the most parsimonious model that best explains the data.

Prior research suggests that the genetic and environmental determinants of
anxiety may vary by gender (Gillespie, et al., 2004). Due to limited sample size we
were unable to fit the simplex models separately for males and females to examine sex
differences. Models were run for each anxiety outcome separately. Because the STPI
was administered at fewer time points than the Anxiety Crosswalk, the total number of

twin pairs aged 85 and older was small (N = 80; only 12 complete twin pairs). Due to
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the limited number of participants in this age group simplex models for the STPI did
not include twins 85 and older. Models were fit using the program Open Mx (Boker,
etal., 2011).

Specific Aim 2: Explore the extent to which shared genetic influences explain the
correlation between cognition and anxiety.

For specific aim 2 we analyzed STPI and cognition data from the second in-
person assessment. The second in-person assessment was chosen for this cross-
sectional analysis because it contained the largest sample of participants who
completed both the cognitive assessment and STPI.

As described in aim 1, twin data allowed for the decomposition of variance
into three components: additive genetic (A), non-additive genetic (D), and non-shared
environment (E). We examined both the specific and shared influences on anxiety and
cognitive performance by using bivariate structural equation modeling with a full
bivariate Cholesky decomposition.

In order to examine how sex modified the variance structure of each phenotype
was, a univariate sex-limitation ADE model for the STPI and cognitive tests was fit.
The full ADE sex limitation model estimated separate A, D, and E components for
males and females. A nested model where A, D, and E components were constrained
to be equal across sexes was then estimated. These two models were compared using
the log-likelihood test to determine if significant sex differences existed. After
determining if separate models were needed for males and females, univariate

submodels were fit in which the respective variance components were dropped. An



29

AE submodel and E submodel were estimated. These submodels were compared to the
full ADE model.

The phenotypic correlation between the STPI and each measure of cognitive
performance was examined next. Because results from the prior univariate models
suggested sex differences in the variance structure of the STPI the phenotypic
correlation was also examined for males and females separately. For cognitive tests
that were significantly associated with anxiety we ran bivariate Cholesky
decompositions. Bivariate Cholesky decomposition allowed us to estimate the degree
of overlap in genetic and environmental contributions on anxiety and cognitive
performance. We estimated a total of six bivariate models between anxiety and each
cognitive test.

Figure 4 displays the bivariate Cholesky model. The genetic factor Al
influences both anxiety and cognitive performance. Genetic factor A2 only influences
only cognitive performance. The factor A2 represents the additive genetic contribution
on cognitive performance after partialling out the genetic effects on anxiety. The
pathway a21 represents the additive genetic contribution of anxiety on cognitive
performance. The e21 pathway represents the environmental contribution of anxiety
on cognitive performance. Genetic (r,) and environmental (r.) correlations were also
estimated in order to estimate the extent to which genetic and environmental factors
overlap. A high genetic correlation indicates that the genetic factors influencing
anxiety are also influencing cognitive performance. Likewise, a high environmental

correlation indicates a large overlap in the environmental factors influencing both
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anxiety and cognition. The proportion of the phenotypic correlation explained by
shared genetic factors is a function of the genetic correlation and two genetic factors
(A1 & A2). This proportion was calculated via the following equation:

2 2
’Aanxiety *Ta * ’Acognition

rpheno anxiety,cognition

Similarly, the proportion of the phenotypic correlation explained by unique
environmental factors that are shared between anxiety and cognitive performance can
be explained by the same equation but substituting the E variance components and
environmental correlation.

First, a full ADE model that estimated the A, D, and E components as well as
the overlap between anxiety and cognition were fit. Next, AE and E models were fit in
order to identify the most parsimonious full model. Model comparisons were done
using the log-likelihood difference test. After determining the most parsimonious full
model we examined the statistical significance of the shared pathways (a2l and e21).
This was done by removing these pathways in a stepwise fashion and examining
change in model fit compared to the full model. For example, if removing path a21
from the model does not result in degradation of the model it is suggestive of no
significant shared genetic influences on anxiety and cognitive performance. Lastly, a
model dropping both shared components was run. If dropping both shared parameters
did not result in worse model fit the AIC fit index was used to determine the best
fitting model. The trait-specific and shared variance components from the full model

were used to calculate the proportion of the phenotypic variance explained by shared
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genetic and unique environmental factors. All bivariate Cholesky decompositions
were fitted using the Open Mx structural equation modeling program (Boker, et al.,
2011).

Specific Aim 3: Examine the temporal dynamics of the phenotypic association
between anxiety and cognitive functioning over time.

For aim 3 we examined the longitudinal phenotypic association between
cognitive functioning and anxiety. Advances in structural equation modeling allow for
the examination of the dynamic association between two variables longitudinally
(McArdle & Hamagami, 2003). These models enabled the examination of how change
in one variable lead to changes in another variable. In this study, we used DCSMs to
investigate the extent to which change in anxiety was associated with change in
cognitive performance over time. The reverse was also examined; to what extent do
changes in cognitive abilities lead to changes in anxiety over time. DCSMs have been
used in other longitudinal examinations investigating the association between
processing speed and cognitive ability (Finkel, et al., 2007), openness to experience
and cognition (Sharp, Reynolds, Pedersen, & Gatz, 2010), and depression and
cognitive performance (Jajodia & Borders, 2011).

Anxiety data gathered during the Q1 and Q4 assessments as well as IPT 2, 3,
5, 6 and 7 assessments were analyzed. Cognitive performance data from IPT’s 1-3 and
5-7 were included in the analysis. See Table 3 for the number of participants who
completed anxiety and cognitive data in each age group. To ease the computational

burden of the model and ensure convergence of the models, the anxiety crosswalk and
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cognitive data were standardized into T-scores. The mean and standard deviation at
the first time these variables were measured (Q1 for anxiety crosswalk and IPT1 for
cognitive measures) were used for standardization. Standardizing both variables on the
same scale also aids in the interpretation of the dynamic coupling between the two
variables and is common practice in DCSM analyses (Finkel, et al., 2009; Finkel, et
al., 2007; Infurna, Gerstorf, Ryan, & Smith, 2011).

Univariate models were fit to identify and confirm the trajectory of each
variable over time. Bivariate models were fit next. All participants with at least one
assessment were included in each analysis. Due to the fact that participants were
twins, the statistical assumption of independence of data was violated. To account for
the twin pair dependency participants were clustered on twin pair across all models.
Additionally, in all models, age was modeled as a time variable. Prior SATSA
investigations (Finkel, et al., 2003; Finkel, et al., 2009; Finkel, et al., 2007) have
suggested that using a 3-year interval maximizes the age range for which trajectories
can be examined. Thus, age was modeled as 50-52, 53-55, 56-58, and so on, up to 86-
88. Lastly, possible confounding variables (education, sex, initial depression
symptoms) were added as covariates in the model and regressed upon the latent
intercept and slope variables.

Univariate DCSMs: Univariate DCSMs were estimated to examine trajectories

of anxiety and the respective cognitive measures separately. In these models, latent
difference scores were estimated based on changes in scores from one latent age score

to the next. The goal of these analyses was to model the trajectory of change over
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time. Linear change and nonlinear proportional change were estimated. In DCSM
models, constant linear change is represented with a, the slope of the latent factor is
represented as ys, and B represents the proportional or non-linear change from one
time point to the next. The equation representing change in cognitive performance at
age A can thus be written as follows: Acog[A] = a*cogs + By*(cog[A-1]). The equation
representing change in anxiety at age A is written as: Aanx[A] = a*anx, + B,*(anx[A-
1]). In these models, a is set to a value of one while parameter [ is estimated. The
intercept (cogp) and slope (cogs) were included in each model, along with the variance
around the intercept (0¢), slope (65). Lastly, the correlation between intercept and slope
were also estimated (ros). DCSM investigations assume that o and  parameters are
consistent across time (Finkel, et al., 2009; Finkel, et al., 2007). First, a full model
estimating both linear and proportional change was fit. A second model constraining 3
to zero and only estimating linear change was estimated. Due to the clustered nature of
the data the standard difference in negative log-likelihood and degrees of freedom test
could not be conducted. The maximum likelihood estimation with robust standard
errors (MLR) was used to compare models. The difference between two MLR log-
likelihoods does not follow a chi-square distribution. This resulted in the need for
scaling correction factors when comparing differences using MLR (Sharp, et al.,
2010). In order to compare models this chi-square difference tests with scaling factor
corrections was used (see http://www.statmodel.com/chidiff.shtml).

Bivariate DCSMs. After estimating the univariate DCSMs, bivariate DCSMs

were fit to examine the dynamic relationships between anxiety and cognitive
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performance. The bivariate DCSMs contain the same parameters that were estimated
in the univariate models. The bivariate DCSM models also included two coupling
parameters, designated by y, which link cognitive performance and anxiety. The first
coupling parameter estimated how much change in cognitive performance depended
on the previous value of anxiety (ycog*anx). The opposite coupling parameter
estimated how much change in anxiety depended on the previous value of cognitive
performance (yanx+cog). Therefore, the equation representing the modeling of
cognitive performance in relation to prior levels of anxiety builds on the univariate
model and can be written as: Acog[A] = a*cogs + By*cog[A-1]+Yanx*cog™anx[A-1]. The
equation representing the modeling of anxiety in relation to prior levels of cognitive
performance can be written as: Aanx[A]=a*anxs+ycog*anx™cog[A-1]. Results from the
univariate model suggested no significant proportional change in anxiety over time.
Thus, the bivariate equation for anxiety only estimated linear change over time.
Similar to the a and B parameters, y is assumed to be constant across all ages. As in the
univariate model, bivariate DCSMs estimate the intercepts (anxo & cogp), slopes (anx;
& cog), variance of the intercepts (anx0¢ & cogby) and slopes (anx6s & cog0s) as well
as correlation between all latent growth factors. Covariates were also regressed upon
the intercept and slope similar to the univariate models.

Past research, as well as findings from second aim of this dissertation, found
sex differences in the association between anxiety and cognitive performance. To
examine potential sex differences a multigroup DCSM model that estimated different

change parameters (specifically: Beog , YcoG=anx, Yanx*cog) for males and females,
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without covariates added in the model was fit. This full model was compared to a
model that constrained the change parameters to be equal for each sex. No significant
sex differences were found across all DCSM models so all subsequent models
contained both males and females together in a single group.

To examine the dynamic change hypothesis, five nested models were
compared for each cognitive domain and state anxiety in a stepwise fashion. First, we
examined a full model estimating both coupling parameters yanx*coc and Ycoc*anx .
The second model examined the dynamic relationship in one direction only, with
anxiety being a leading indicator of change in cognitive performance. This was done
by constraining the ycog=anx parameter to zero while estimating the yanx*coa
parameter. The third model examined the dynamic association in the other direction,
with cognitive performance as a leading indicator of change in anxiety. This was done
by constraining the yanx*cog parameter to zero and estimating the ycog*anx parameter.
The fourth model examined a no coupling model in which both coupling parameters
were set to zero (Yanx+coc= Ycoc+anx=0). Model comparison was done using the MLR
comparison with scaling factors. Figure 6 provides a conceptual illustration of the full
bivariate DCSM. All phenotypic DCSM models were conducted using the structural
equation modeling program MPLUS version 6.12 (Muthen & Muthen, 2010).

Specific Aim 4: Examine the extent to which shared genetic influences explain the
correlation between cognition and anxiety over time.

For the last aim we conducted biometric DCSM models to examine the

temporal dynamics of genetic and environmental contributions on cognitive



36

performance and anxiety. Again all participants were included if they had completed
at least one anxiety or cognitive assessment. See table 4 for the number of complete
and incomplete twin pairs in each category.

Biometric Univariate DCSMs: The procedure for estimating the biometric univariate

DCSMs is the same as described in Aim 3, but the variance around the intercept and
slope will be decomposed into genetic and environmental effects. For all models,
additive genetic, dominant genetic, and nonshared environmental effects of the
intercept (ao,dy, ey), the slope (as,ds, e5), and the correlation between intercept and slope
were estimated (ags,dos, €os). A total of eleven sets of models were fit, one for each
anxiety and cognitive test pair. Ten separate nested models were estimated for each
anxiety and cognitive test pair to determine which genetic and environmental effects
were significantly different than zero. First, a full model estimated all of the genetic
and environmental contributions to the slope, intercept, and correlation between slope
and intercept. A second model tested the significance of the anxiety on cognitive
performance coupling parameter (Yanx*coc) by removing this parameter and
examining change in the negative log-likelihood. A third model examined the
significance of the cognitive performance on anxiety coupling parameter (Ycog*anx)-
The fourth model tested dominant genetic influences on anxiety by removing all
dominant genetic effects (dy,ds, dys) on anxiety. The fifth model examined dominant
genetic influences on the cognitive variable by removing all of these d pathways (dy,d;,
dps) and examining change in model fit. The sixth model examined the effect of

dropping all dominant genetic influences on both anxiety and cognitive performance
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simultaneously. The seventh model tested the additive genetic influences on anxiety
slope by removing the a, pathway. The eight model examined the additive genetic
influences on cognitive performance by removing the a, pathway on the cognitive
performance slope latent variable. The ninth model examined the effect of additive
genetic influences on the anxiety slope that are acting through the additive genetic
influences on the intercept of anxiety (aos). The last model tested the additive genetic
effects on the correlation between cognitive performance intercept and slope by
dropping this pathway (a,0s). See figure 6 for the full biometric DCSM model.
Similar to the prior aims, model fit was assessed using the negative log-likelihood and
change in degrees of freedom test to assess which genetic and environmental effects
were statistically significant.

In order to visualize the temporal dynamics of the genetic and environmental
contributions on anxiety and cognitive performance, the estimated additive genetic and
environmental variance components were calculated and plotted. We examined the
effect of adding the coupling parameters on the estimated genetic and environmental
variance. When no coupling between anxiety and cognitive performance is included
in the model, the estimates for the genetic and environmental variance components at
each age group are not linked between variables. The contribution of genetic factors
that cognitive performance has on anxiety over time can then be visualized by
examining differences in the genetic and environmental variance at each age when

coupling is in the model versus when it is not. Biometric DCSM models were fit using



the classic Mx structural equation modeling program version 1.7.03 (Neale, et al.,
2003).
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RESULTS
Rasch Anxiety Crosswalk

Figure 7 displays the scatterplot of participant ability scores on the ENI and
STPI measures. Of the 1,322 participants, 177 fell outside the 95% confidence
interval and were eliminated from further Rasch analyses. The final sample for the
crosswalk analyses consisted of 1,145 participants.

Figure 8 displays the item-person map for the co-calibrated scale. Table 5
presents the mean square and item total correlations. Person measures are presented on
the far left (each # represents 7 participants, each “.” Represents 1-6 participants). The
ENI item measures are listed in middle and the STPI item measures are on the far
right. The central axis represents the natural logarithm odds unit. Items that fall lower
on the scale are “easier” items in that the participants were more likely to endorse.
Items that fall higher on the item map are “harder” items and less likely to be
endorsed. Three of the items from the ENI (Sensitive, happy or sad without reason,
and worry when embarrassing oneself in a social situation) were easier to endorse than
the other items and did not line up with the STPI items. The face validity of these
items was also questionable. The ENI item “happy or sad without reason” may be a
better indicator of depression than anxiety. The item regarding worry following an
embarrassing situation may capture the construct of social anxiety rather than general
state anxiety. Given that these three items had questionable face validity and were not
matching up with the rest of the STPI items they were removed from further analyses.

The item map from the Rasch analysis with these items removed is presented in figure

39
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9. The cocalibarated ENI and STPI analysis were re-run with these three items
removed. The abbreviated measure had good person and item level psychometric
properties. Person reliability of the measure was high (Cronbach’s alpha = 0.82).
Table 6 displays the mean infit and outfit for each item. The average item infit was
0.99 (ideal mean infit is 1.00) and person infit was 1.04. Only one item (make
decisions late) exhibited poor outfit at the suggested cut point of 1.70. This item had
acceptable infit mean square of 1.26 and was kept in the measure. See table 7 for the
crosswalk table linking the ENI and STPI raw scores. The raw scores were linked
through the person measures that were generated from the separate ENI and STPI
anchored analyses. Results of the crosswalk suggested that an ENI raw score of zero
corresponds to a STPI raw score of 12 because both of these raw scores shared a
common person ability measure of -2.87 logits. Likewise, an ENI raw score of one
corresponded to a STPI raw score of 16 because both of these scores shared the
common person ability measure of -1.52 logits.

Lastly, the Anxiety Crosswalk score was computed at Q1 and Q2 from the ENI
scores. The correlation between the Anxiety Crosswalk and STPI at Q1 was
significant (r = 0.49, p < 0.001). The STPI and Anxiety Crosswalk at Questionnaire
assessment two were also highly correlated (r = 0.60, p < 0.001).

Specific Aim 1: Examine the variation in the genetic influences on state anxiety
across the second half of the lifespan.

See table 8. for a summary of the model fitting results for the longitudinal

simplex model of the STPI. Three separate full models were fitted first: an ACE model
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accounting for rearing status, an ACE model not accounting for rearing, and an ADE
model to examine potential dominant genetic effects. Across all models we were able
to drop the drop all shared environment or genetic dominance components without
experiencing worse model fit (p > 0.53).

Genetic innovations starting at age 55-59 were dropped one by one in a
stepwise fashion. Compared to the full AE model there was a significant deterioration
in model fit when the genetic innovation at age 60 was dropped (Afit=4.07, Adf =1,
p = 0.04). Genetic influences at age 55 and 65-80 were all dropped without a
significant deterioration in model fit. Next, unique environmental innovations were
dropped one by one in a stepwise fashion. Deterioration in model fit occurred when
the unique environmental innovation at age 75 was dropped (Afit=5.13, Adf =1, p =
0.02). There were no significant changes in model fit when the unique environment
innovations were dropped one at a time at age 55, 60, 65, 70, 80, and 85.
Simultaneously removing all of these non-significant genetic and unique
environmental innovations did not produce a significantly worse model fit (Afit =
8.14, Adf =10, p = 0.62). The best fitting model required additional genetic
innovations at age 60 as well as non-shared environmental innovations at age 75.
Figure 10. presents the best fitting simplex model. Figure 11. presents the proportion
of variance accounted for by genetic and environmental factors estimated from this
model at each age group. The proportion of variance accounted for at each age group
is a function of both the innovation and transmission parameters. At age 54 and

younger additive genetic factors explain 32% of the variance in STPI symptoms. From
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age 55 to 65 genetic factors significantly decrease and explain 23% of the variance at
age 60-65. From 65-79 proportion of variance accounted for by genetic factors returns
to similar levels seen before age 54 (27%-36%). Genetic factors increase in saliency at
age 80 explaining 49% of the variance.

Simplex models examining the anxiety crosswalk measure were run next. See
table 9 for a summary of model fit and comparisons. Similar to the STPI simplex
models no common environmental influences or genetic dominance effects were
present as the most parsimonious model was the AE model. This was true if rearing
status was accounted for in the model or not.

Similar to the STPI models, no new significant genetic innovations were
present at ages 55, 65, 70, 75, 80 or 85. We were not able to drop the genetic
innovation at age 60 without a significant decrease in model fit (Afit=6.79, Adf=1, p
< 0.01). Dropping the unique environmental innovations at age 55,60,65,70,80 or 85
did not result in a degradation of model fit. Dropping the unique environmental
innovation at age 75 resulted in a significant decrease in the fit of the model (Afit =
5.28, Adf =1, p <0.02). Simultaneously removing all of these non-significant genetic
and unique environmental innovations did not produce a significantly worse fitting
model (Afit=11.75, Adf =12, p = 0.47). Similar to the STPI model, the most
parsimonious simplex model for the anxiety crosswalk measure included new genetic
innovations at age 60-64, as well as non-shared environmental innovations at age 75-

79. See figure 12 for a diagram of the best fitting model. The proportion of variance
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accounted for by genetic and non-shared environment for each age group was
calculated and is presented in figure 13.
Specific Aim 2: Examine the cross-sectional correlation between anxiety and
cognitive performance and explore the extent to which shared genetic influences
explain the association.
Univariate Cholesky decomposition

Table 10 presents the univariate ADE cholesky decomposition model results
for STPI and cognitive measures. The most parsimonious univariate model for the
STPI was the AE model with sex limitation effects. The sex limitation effects suggest
that males and females had significantly different variance structure. The most
parsimonious univariate model for all cognitive measures was the AE models without
sex limitation.
Phenotypic correlations between STPI and cognitive performance

Table 11 displays the phenotypic means and correlations between STPI,
Crosswalk Anxiety, and cognitive measures. Higher STPI scores were associated with
worse performance on the Thurstone Picture Memory (r =-0.14; p < 0.01), Block
Design (r =-0.15; p < 0.01), Rotations (r = -0.09; p < 0.04), and Figure Logic (r = -
0.09; p = 0.04). Similarly, higher Crosswalk Anxiety scores were associated with
worse performance on Thurstone Picture Memory (r = -0.13; p < 0.01), Block Design
(r=-0.14; p <0.01), Rotations (r =-0.11; p = 0.01), Figure Logic (r =-0.11; p =0.02),
as well as Symbol Digit (r =-0.09; p = 0.04). As expected the STPI was also highly

correlated with the Anxiety Crosswalk (r = 0.53; p <0.001).
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Bivariate Cholesky Decompositions

Bivariate Cholesky decompositions were fit next to examine the extent to
which shared genetic and environmental factors explained the correlation between
STPI and the respective cognitive measures. Because sex limitation effects were found
on the STPI, the bivariate Cholesky models were run separately for males and females
and are presented in table 12. Bivariate Cholesky decompositions were only run for
those cognitive measures that had a significant phenotypic correlation with anxiety.
For males bivariate Cholesky decompositions were run examining STPI and the
following cognitive tests: Digit Span Total, Digit Span Forward, Digit Span
Backwards, Thurstone, Block Design, and Rotations. For females bivariate Cholesky
decompositions were fit examining STPI and Thurstone, as well as STPI and Block
Design.

The correlation matrix between STPI and Digit Span Total for male MZ and
DZ twins is presented in table 13. Model fitting results are presented in table 14.
Similar to univariate models, no significant dominant genetic effects were found on
STPI or Total Digit Span. Dropping the shared genetic pathway did not significantly
decrease model fit (Afit = 0.05, Adf =1, p = 0.82), while dropping the E12 pathway
did result in a significant degradation of model fit (Afit =3.77, Adf =1, p = 0.05). The
correlation between unique environmental latent factors in the full model was -0.26,
suggesting that 87.5% of the unique environmental variance affecting STPI is shared

with the unique environmental influences on Digit Span Total.
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The correlation matrix between STPI and Digit Span Forward for MZ and DZ
twins is presented in table 15 while model fitting results are presented in table 16.
Again, no dominant genetic effects were found for both STPI and Digit Span Forward.
Dropping the shared component of the additive genetic variance did not result in a
significant worse fitting model (Afit = 0.26, Adf =1, p = 0.61). There was a significant
decrease in model fit when the shared unique environmental component was dropped
(Afit =4.30, Adf =1, p = 0.04). The unique environmental correlation was -0.27 while
the genetic correlation was 0.13. Problems arise in calculating the proportion of
variance accounted for when the genetic and environmental correlations are in
different directions. This is most likely the result of low variance in Digit Span
Forwards performance as well as the small phenotypic correlation. Constraining the
shared genetic variance pathway to zero does not significantly reduce model fit,
suggesting that no significant shared genetic factors exist which contribute to both
Digit Span Forward and anxiety.

The correlation matrix between STPI and Digit Span backwards for male MZ
and DZ twins is presented in table 17 while model fitting results are presented in table
18. Again, no dominant genetic effects were found for both STPI and Digit Span
Backwards. Dropping either the shared component of the additive genetic variance
(Afit=0.26, Adf = 1, p = 0.61) or the shared unique environmental variance (Afit =
0.26, Adf =1, p = 0.61) did not result in a significant decrease in model fit. However,
dropping both of the shared components in the same model resulted in significantly

worse fit (Afit = 0.26, Adf = 1, p = 0.61). This suggested that some shared genetic and
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unique environmental variance between anxiety and digit span backwards was present.
The correlation between the latent unique environmental components was -0.11 while
the correlation between latent genetic components was -0.24. The AE model suggests
that 60.4% of the genetic variance affecting anxiety resulted from genetic influences
that also contribute to Digit Span Backwards performance. Additionally, 39.6% of the
unique environmental variance affecting anxiety in males is shared with the unique
environmental influences on Digit Span Backwards.

The correlation matrix between STPI and Thurstone performance for male MZ
and DZ twins is presented in table 19. Model comparison and variance component
estimates are presented in table 20. No significant dominant genetic effects were found
for both STPI and Thurstone. Dropping the shared component of the additive genetic
variance resulted in a significantly worse fitting model (Afit =4.37, Adf =1, p = 0.04),
while dropping the shared unique environmental variance pathway did not result in a
significantly worse fitting model (Afit = 0.13, Adf = 1, p = 0.71). From the full AE
model, the correlation between latent genetic components was -0.49 while the
correlation between latent unique environmental components was 0.05. A genetic
correlation that is negative with a positive environmental correlation often occurs
when the phenotypic association is small or not statistically significant (Hansen et al.,
2007). Because constraining the shared unique environment path to zero did not
reduce model fit we do not have evidence for significant shared unique environmental

influences on this correlation.
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See table 21 for the correlation matrix between STPI and Thurstone
performance for female MZ and DZ twins. Model fitting results are presented in table
22. No significant dominant genetic contributions on either the STPI or Thurstone.
Unlike males, dropping either the shared component of the additive genetic variance
(Afit=0.29, Adf =1, p = 0.59) or the shared unique environmental variance (Afit =
1.80, Adf =1, p = 0.18) did not result in worse model fit. However, there was a
significant deterioration in model fit when both of these shared components were
dropped in the same model (Afit = 6.41, Adf =2, p = 0.04). Examination of the AIC fit
index suggests that the most parsimonious model included shared environmental
factors. The correlation between latent genetic components from the full model was
-0.11 and -0.18 between latent unique environmental components. The full AE model
suggested that 32.3% of the genetic variance affecting anxiety symptoms result from
genetic influences that also affect Thurstone performance. Additionally, 67.7% of the
unique environmental variance affecting anxiety in females is shared with the unique
environmental influences on performance on the Thurstone.

See table 23 for the correlation matrix between STPI and Block Design
performance for male MZ and DZ twins. Model fitting results are presented in table
24. No significant dominant genetic effects were found on either STPI or Block
Design. Dropping either the shared component of the additive genetic variance (Afit =
3.03, Adf =1, p = 0.08) or the shared unique environmental variance (Afit = 0.19, Adf
=1, p =0.66) did not result in worse model fit. Likewise, there was no significant

deterioration in model fit when both of these shared components were dropped in the
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same model (Afit=5.62, Adf = 2, p = 0.06). Examination of the AIC model fit index
suggested that the best fitting model included a shared genetic component only. The
correlation between latent genetic components was -0.27. The full AE model
suggested that 85.4% of the genetic variance contributing to Block Design
performance resulted from genetic influences that also affect symptoms of anxiety.

See table 25 for the correlation matrix between STPI and Block design
performance for female MZ and DZ twins. Model fitting results are presented in table
26. No significant genetic dominance effects were found for either STPI and Block
Design performance. Dropping either the shared component of the additive genetic
variance (Afit = 0.33, Adf = 1, p = 0.57) or the shared unique environmental variance
(Afit=2.23, Adf = 1, p = 0.14) did not result in worse model fit. However, there was a
significant deterioration in model fit when both of these shared components were
dropped in the same model (Afit = 7.00, Adf =2, p = 0.03). Examination of the AIC fit
index suggested that the model including shared unique environmental components
without shared genetic components was most parsimonious. The correlation between
latent unique environmental components was -0.14. The full AE model suggests that
66.0% of the unique environmental variance affecting anxiety symptoms resulted from
unique environmental influences that also affect Block Design performance.

The correlation matrix between STPI and Card Rotations for male MZ and DZ
twins is presented in table 27 while model fitting results are presented in table 28.
Again, no dominant genetic effects were found for both STPI and Card Rotations.

Dropping the shared component of the additive genetic variance resulted in a
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significantly worse fitting mode (Afit = 5.88, Adf = 1, p = 0.02) while dropping the
shared unique environmental component did not decrease model fit (Afit = 0.68, Adf =
1, p = 0.68). The correlation between the latent unique environmental components was
0.14 while the genetic correlation was -0.45. When the genetic and environmental
correlations are in different directions the overall proportion of variance accounted for
by shared genes or environment cannot be calculated. Constraining the shared unique
environmental variance pathway to zero does not significantly reduce model fit,
suggestive of no significant shared unique environmental influences contributing to
this correlation. Table 29 displays a summary of the significant phenotypic
correlations between STPI and cognitive measures as well as the estimated proportion
of this correlation due to shared additive genetics and unique environment.
Specific Aim 3: Examine the temporal dynamics of the phenotypic association
between anxiety and cognitive performance over time.
Univariate Dual Change Score Models

A univariate DCSM was fit to each of the cognitive variables as well as the
anxiety crosswalk. The purpose behind the univariate models was to verify the
trajectory shape over age as well as to gather parameter estimates to use as start values
in the bivariate models. Two models were fit for each variable: a full model which
estimated proportional change over time and a restricted model in which the 3
parameter is constrained to zero. In the full model a total of 12 parameters were
estimated. Parameter estimates for the most parsimonious best fitting models as well

as model comparison statistics are presented in table 30.
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For the Anxiety Crosswalk the reduced model in which 3 was set to zero did
not produce a degradation of fit (A-2LL (Adf) = 0.22 (1) ; p > 0.05). This suggests that
Anxiety Crosswalk exhibited only linear change over time. For all measures of
processing speed (Symbol Digit, Figure Identification tests), nonverbal memory
(Thurston), and visuospatial abilities (Block Design, Card Rotations, and Figure
Logic) removing the proportional change parameter resulted in significantly worse
model fit (p < 0.01). For Total Digit Span Total, Forwards, and Backwards, however,
the restricted model was not significantly worse than the full model thus proportional
change was dropped.

When interpreting change using DCSM, change parameters need to be viewed
in the context of the proportional change parameter 8. All cognitive tests (with the
exception of Digit Span) estimated a positive § parameter with a negative slope. A
positive  parameter represents accelerated change with advancing age, while a
negative slope parameter signifies declining performance with age. The combination
of these two parameters estimates suggested small decreases initially in cognitive
performance with accelerating declines later with advancing age. Higher proportional
change estimation represents greater acceleration of declines. The equation
representing change in Symbol Digit performance as estimated from the univariate
models can be written as:

A Symbol Digit[4] = -6.55 + 0.10 X Symbol Digit[A-1].
In this equation change at age “A” equals a combination of linear change (-6.55) for

each advancing time plus 0.10 times Symbol Digit performance at the prior age. For
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the Anxiety Crosswalk as well as Digit Span, proportional change was not statistically
significant. Change in these variables was linear with change during each time period
equaling the slope estimation. See figures 14-23 for the trajectories of the Anxiety
Crosswalk and performance on all cognitive tests as estimated from these univariate
models.
Bivariate Dual Change Score Models

The bivariate analysis examining the association between anxiety and Symbol
Digit performance was examined first. Parameter estimates with standard errors and fit
statistics from model comparisons are presented in table 31. First, a multigroup
bivariate DCSM was fit to examine sex differences in proportional change as well as
the coupling parameter. A full multigroup model was run estimating unique coupling
parameters (Yanx-sym digit a0d Ysym digit-anx) and proportional change for males and females
separately. The restricted model which constrained these change parameters to be
equal across genders did not result in worse model fit (Afit = 1.23, Adf = 3, ns). This
suggested that the bivariate association was not significantly different for males and
females. The full bivariate single group model was estimated and compared to the
restricted models. Model fitting indicated that the dynamic effect of anxiety on
Symbol Digit performance could be dropped from the model without reduced model
fit (Afit = 0.13, Adf = 1, ns). The converse was not the same. The dynamic effect of
Symbol Digit performance on anxiety was both statistically significant (Ysym digit-anx = -

0.07, SE =0.02, p < 0.01) and unable to be removed from this from the model without
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significantly worse model fit (Afit =27, Adf = 1, p < 0.01). Change at time # for
Symbol Digit and anxiety can be calculated by the following equations:

A Symbol Digit[4] = -6.56 + 0.10 X symbol digit[A-1] + 0.04 X anxiety[A-1]

A anxiety[4] = 3.18 — 0.08 X Symbol Digit[A-1]

The equation for Symbol Digit demonstrated that change in Symbol Digit performance
over time is a function of constant linear change (-6.56), previous performance on
Symbol Digit and to a lesser extent prior levels of anxiety (although this parameter
was not statistically significant). The equation for anxiety demonstrates that change in
anxiety over time was a function of constant linear change (3.18) and prior
performance on Symbol Digit. Figure 24 presents a graphical depiction of this
association in a vector field plot. Each arrow in Figure 24 presents the expected
change at time 4+/ for the pair of latent anxiety and symbol digit scores at time A
with longer arrows signifying greater changes.

The bivariate analysis examining the association between anxiety and Figure
Identification was examined next. Parameter estimates with standard errors and fit
statistics from model comparisons are presented in table 32. The multigroup model
indicated that the bivariate association between anxiety and Figure Identification was
not significantly different for males and females (Afit = 0.52, Adf = 3, ns). The single
group full model suggested that the dynamic effect of anxiety on Figure Identification
performance could be dropped without a reduction in fit (Afit = 1.73, Adf = 1, ns). The
same was not true in reverse. The dynamic effect of Figure Identification performance

on anxiety was both statistically significant (Yigure ip-anx = -0.07, SE = 0.02, p < 0.01)
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and we were unable to drop this parameter from the model without significantly worse
model fit (Afit=18.49, Adf =1, p < 0.01). Change at time A for figure identification
and anxiety can be calculated by the following equations:

A Figure Identification[4] = -14.90 + 0.11 X Figure Identification[A-1] + 0.16

X anxiety[A-1]

A anxiety[tf] = 3.28 — 0.07 X Figure Identification[t-1]
The equation for Figure Identification demonstrates that change in performance over
time is a function of constant linear change (-7.35), previous performance on Figure
Identification, and prior anxiety symptoms (although not statistically significant). The
equation for anxiety demonstrates that change in anxiety over time is a function of
constant linear change (3.28) and prior performance on Figure Identification. Figure
25 presents a vector field plot of this association.

The association between anxiety and Thurstone picture memory was
examined next. Parameter estimates with standard errors and fit statistics from model
comparisons are presented in table 33. The multigroup model suggested that the
bivariate association was not significantly different by sex (Afit = 0.52, Adf = 3, ns).
The single group model suggested that the dynamic effect of anxiety on Thurstone
performance could be dropped from the model without reduced model fit (Afit = 0.39,
Adf=1, ns). The Thurstone on anxiety coupling parameter was both statistically
significant (YThurstone-anx = -0.19, SE = 0.06, p < 0.01) and unable to drop this parameter

from the model without significantly worse model fit (Afit = 7.55, Adf =1, p < 0.01).



54

Change at time 4 for Thurstone and anxiety can be calculated by the following
equations:

A Thurstone[A] = -25.85 + 0.45 X Thurstone[A-1] + 0.08 X anxiety[A-1]

A anxiety[4] = 8.69 — 0.19 X Thurstone[A-1]

The equation for the Thurstone demonstrated that change in performance over time is
a function of constant linear change (-7.35), previous performance on Thurstone, and
previous anxiety symptoms (although not statistically significant). The equation for
anxiety demonstrated that change in anxiety over time is a function of constant linear
change (3.28) and prior performance on the Thurstone. A vector field plot of this
dynamic association is presented in figure 26.

Parameter estimates with standard errors and fit statistics from the bivariate
DCMS examining Digit Span Total and anxiety are presented in table 34. Because the
univariate model did not find evidence of proportional change for Digit Span over
time this parameter was not estimated in the bivariate model. The multigroup model
comparisons indicate that the bivariate association between anxiety and Total Digit
Span did not differ by sex (Afit = 2.28, Adf = 3, ns). The dynamic effect of anxiety on
Total Digit Span performance could be dropped from the model without reduced
model fit (Afit = 0.03, Adf = 1, ns). The Total Digit Span on anxiety coupling
parameter was both statistically significant (Ydigit span-anx = -0.20, SE = 0.05, p < 0.01)
and we were unable to drop this parameter from the model without significantly worse
model fit (Afit=12.19, Adf =1, p < 0.01). Change at time 4 for total digit span and

anxiety can be calculated by the following equations:



55

A Total Digit Span[A4] =-0.08 — 0.01 X anxiety[A-1]

A anxiety[4] = 9.43 — 0.20 X Total Digit Span[A-1]

The equation for the digit demonstrates that change in Total Digit Span performance
over time is a function of constant linear change (-0.08) and prior anxiety (although
not statistically significant). The equation for anxiety demonstrated that change in
anxiety over time is a function of constant linear change (9.43) and prior performance
on Total Digit Span. Figure 27 presents a vector field plot illustrating this dynamic
association.

Parameter estimates with standard errors and fit statistics from the bivariate
DCMS examining Digit Span Forward and anxiety are presented in table 35. The
proportional change parameter for Forward Digit Span was not estimated in the
models based off findings from the univariate models showing lack of proportional
change. The multigroup model comparisons indicated that the bivariate association
between anxiety and Digit Span Forward did not differ by gender (Afit = 1.05, Adf =
2, ns). The single group model suggested that the dynamic effect of anxiety on Digit
Span Forward performance could be dropped from the model without reduced model
fit (Afit = 1.04, Adf = 1, ns). The Digit Span Forward on anxiety coupling parameter
was both statistically significant (Ydigit span-anx = -0.26, SE = 0.08, p < 0.01) and we were
unable to drop this parameter from the model without significantly worse model fit
(Afit=9.10 Adf =1, p < 0.01). Change at time 4 for Digit Span Forward and anxiety
can be calculated by the following equations:

A Digit Span Forward[4] = 3.30 — 0.08 X anxiety[A-1]
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A anxiety[4] = 12.20 — 0.26 X Digit Span Forward[A-1]
Figure 28 is a vector field plot depicting this dynamic association.

Parameter estimates with standard errors and fit statistics from the bivariate
DCMS examining Digit Span Backward and anxiety are presented in table 36. The
proportional change parameter for Digit Span Backwards was not estimated in the
models. This parameter was not estimated due to findings from the univariate models
suggesting no significant proportional change time. The multigroup model
comparisons indicated that the bivariate association between anxiety and Digit Span
Backward did not differ by sex (Afit = 0.72, Adf = 2, ns). The single group model
suggested that the dynamic effect of anxiety on Digit Span Backwards performance
could be dropped from the model without reduced model fit (Afit = 0.08, Adf = 1, ns).
The Digit Span Backwards on anxiety coupling parameter was both statistically
significant (Ydigit span-anx = -0.21, SE = 0.06, p < 0.01) and dropping this parameter from
the model resulted in significantly worse model fit (Afit = 10.80 Adf =1, p < 0.01).
Change at time A4 for Digit Span Backward and anxiety can be calculated by the
following equations:

A Digit Span Backward[¢] =-1.79 + 0.02 X anxiety [t-1]

A anxiety[7] = 9.95 — 0.21 X Digit Span Backwards[t-1]

Figure 29 graphically depicts this dynamic association in a vector field plot.

Parameter estimates with standard errors and fit statistics from the bivariate
DCSM examining Block Design and anxiety are presented in table 37. The multigroup

model comparisons indicated that the bivariate association between anxiety and Block
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Design did not differ significantly by sex (Afit = 1.42, Adf = 2, ns). The single group
model suggested that the dynamic effect of anxiety on Block Design could be dropped
from the model without reduced model fit (Afit = 0.38, Adf = 1, ns). The Block Design
on anxiety coupling parameter was both statistically significant (ypiocks-anx = -0.12, SE =
0.03, p < 0.01) and dropping this parameter from the model resulted in significantly
worse model fit (Afit = 17.04 Adf =1, p < 0.01). Change at time 4 for Block Design
and anxiety can be calculated by the following equations:

A Block Design[A4] =-12.53+0.20 X Block Design[A-1]+0.04 X anxiety[A-1]

A anxiety[4] = 5.77 — 0.12 X Block Design[A-1]

The equation for the Block Design demonstrates that change in performance over time
is a function constant linear change (-12.53), Block Design performance at the
previous age, and anxiety symptoms at the previous age. The equation for anxiety
demonstrates that change in anxiety over time is a function of constant linear change
(5.77) and prior performance on Block Design. See Figure 30 for a vector field plot of
this association.

Parameter estimates with standard errors and fit statistics from the bivariate
DCMS examining Card Rotations performance and anxiety are presented in table 38.
The multigroup model comparisons indicated that the bivariate association between
anxiety and Card Rotations did not differ significantly by sex (Afit=0.16, Adf =2,
ns). The single group model suggested that the dynamic effect of anxiety on Card
Rotations could be dropped from the model without reduced model fit (Afit =0.07,

Adf=1, ns). The Card Rotations on anxiety coupling parameter was both statistically
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significant (Yrotations-anx = -0.11, SE = 0.03, p < 0.01) and dropping this parameter from
the model resulted in significantly worse model fit (Afit = 15.68 Adf =1, p < 0.01).
Change at time 4 for Card Rotations and anxiety can be calculated by the following
equations:

A Card Rotations[f] = -6.74 + 0.14 X Card Rotations[t-1] — 0.04 X anxiety[t-1]

A anxiety[f] = 5.30 — 0.11 X Card Rotations[t-1]

The equation for Card Rotations demonstrated that change in performance is a
function constant linear change (-0.69), Card Rotations performance at the previous
age, and anxiety at the prior age (although not statistically significant). The equation
for anxiety demonstrates that change in anxiety over time is a function of constant
linear change (9.95) and prior performance on Card Rotations. See Figure 31 for a
vector field plot of this association.

Parameter estimates with standard errors and fit statistics from the bivariate
DCMS examining anxiety and Figure Logic performance are presented in table 39.
The multigroup model indicated that the bivariate association between anxiety and
Figure Logic did not differ significantly by sex (Afit = 1.06, Adf = 3, ns). The single
group model suggested that the dynamic effect of anxiety on Figure Logic could be
dropped from the model without reduced model fit (Afit =0.17, Adf = 1, ns). The
Figure Logic on anxiety coupling parameter was both statistically significant (Ysigure
logic-anx = -0.14, SE = 0.05, p < 0.01) and dropping this parameter from the model
resulted in significantly worse model fit (Afit=8.18 Adf =1, p < 0.01). Change at

time A for figure logic and anxiety can be calculated by the following equations:
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A Figure Logic[4] =-13.10+0.28 X Figure Logic[A-1] — 0.05 X anxiety[A-1]

A anxiety[4] = 7.02 — 0.14 X Figure Logic[A-1]
The equation for Figure Logic demonstrates that change in performance was a
function constant linear change (-13.10), Figure Logic performance at the previous
age, and to a lesser prior anxiety (although not statistically significant). The equation
for anxiety demonstrates that change in anxiety over time is a function of constant
linear change (7.02) and prior performance on Figure Logic. Figure 32 presents a
vector field plot of this association.
Specific Aim 4: Explore the temporal dynamics underlying the genetic
covariation between anxiety and cognitive abilities.

The association between anxiety and Symbol Digit performance was examined
first. The parameter estimates from the full model are presented in table 40.
Inconsistent with the results from the phenotypic analysis, evidence for bidirectional
coupling was found. The estimates of both coupling parameters were small; however,
removing them from the model resulted in significantly worse model fit. Strong
genetic influences on the intercept were found for both Symbol Digit and anxiety. No
significant dominant genetic effects were found on either variable as these effects
were able to be dropped without reducing model fit (Afit =3 Adf =6, p < ns). For
anxiety no significant genetic effects on the slope were found. For Symbol Digit the
only significant genetic effects on the slope acted through genetic influences on the
intercept (Afit =34 Adf =1, p < 0.01). Model parameters were used to calculate the

expected variance components over the age range. Figure 33 presents the estimated
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variance components from the full AE model with and without coupling. Comparing
the results of the age based variance components demonstrated the effect of coupling.
Figure 337 shows little difference between the coupling and no coupling models for
anxiety and Symbol Digit. The small difference in model estimates reflects the modest
estimate of the coupling parameter. The figure indicates increasing genetic variance in
anxiety over time while the genetic variance in Symbol Digit remains relatively stable.
When coupling is introduced in the model the amount of genetic variance in anxiety
increases compared to the model without coupling. This suggests that genetic variance
in Symbol Digit is driving genetic variance in anxiety. Similarly, the amount of
variance in Symbol Digit performance accounted for no unique environmental factors
increases over time. When coupling was introduced in the model unique
environmental variance in symbol digit increased over time. This increase suggests
that unique environmental variance in anxiety was contributing to subsequent unique
environmental variance in symbol digit performance.

The association between anxiety and Figure Identification performance was
examined next. The parameter estimates from the full model are presented in table 41.
Consistent with the results from the phenotypic analyses, evidence for unidirectional
coupling of Figure Identification on anxiety was found. The anxiety on Figure
Identification coupling parameter was not statistically significant and dropping this
model did not result in a degradation of model fit. Conversely, removing the Figure
Identification on anxiety coupling resulted in worse model fit when removed from the

model. No significant dominant genetic effects were found on either Figure
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Identification performance or anxiety. For anxiety no significant genetic effects on the
slope were found. For Figure Identification significant additive genetic effects were
present directly on the slope as well as acting through genetic influences on the
intercept. Model parameters were used to calculate the expected variance components
over the age range. Figure 347 shows little difference between the coupling and no
coupling models for anxiety and Figure Identification. The small difference in model
estimates reflects the modest estimate of the coupling parameter. The figure suggests
increasing genetic variance in anxiety as well as Figure Identification over time.
Furthermore, when coupling is introduced into the model the unique environmental
variance component for anxiety exhibits slightly greater increases over time compared
to the no coupling model. Although the magnitude of the difference between the two
models is small, it is statistically significant given the significance of the coupling
parameter. Thus, we can say unique environmental influences on Figure Identification
performance are driving variance in anxiety symptoms over time. When examining the
figures the estimated genetic variance for Figure Identification over time is greater
when coupling is introduced into the model. Although the magnitude of this difference
appears greater than the unique environmental variance for anxiety, this difference is
not statistically significant due to the non-significant anxiety on Figure Identification
coupling parameter.

We examined the association between anxiety and Total Digit Span
performance next. The parameter estimates from the full model are presented in table

43. Consistent with the results from the prior aim, evidence for unidirectional coupling



62

of Total Digit Span on anxiety was found. The anxiety on Total Digit Span coupling
parameter was not statistically significant and dropping this model did not result in a
degradation of model fit. Conversely, we were unable to remove the Total Digit Span
on anxiety coupling without a worse fitting model. No significant dominant genetic
effects were found on either Total Digit Span performance or anxiety. Similarly, no
significant additive genetic effects were found on the slope directly or acting through
the additive genetic influences on the intercept for both anxiety and Digit Span Total.
Model parameters were used to calculate the expected variance components over the
age range. Figure 36 shows little difference between the coupling and no coupling
models for anxiety and Total Digit Span. The figure indicates increasing genetic
variance in anxiety over time and decreasing genetic variance in Total Digit Span over
time. The amount of additive genetic variance in anxiety is greater when coupling is
introduced in the model. Similarly the amount of unique environment variance
decreased when coupling was introduced in the model. This suggests that genetic
factors driving variance in Digit Span Total are also driving genetic variance in
anxiety.

Table 44 presents the parameter estimates from the biometric models
examining anxiety and Digit Span Forward. Unlike previous models, no evidence for
coupling was found. Dropping the anxiety on Forward Digit Span coupling did not
reduce model fit. Dropping the Digit Span Forward on anxiety coupling also did not

reduce model fit. No significant dominant genetic influences were found on either
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anxiety or Digit Span Forward. For both anxiety and Digit Span Forwards the only
significant additive genetic contributions were present on the intercept.

Table 45 presents the parameter estimates from the biometric models
examining anxiety and Digit Span Backwards. Again, evidence for unidirectional
coupling was found. Dropping the anxiety on Digit Span Backwards parameter did not
result in a worse fitting model. Dropping the Digit Span Backwards on anxiety
parameter resulted in a significant deterioration of model fit. No significant dominant
genetic influences were found on either anxiety or Digit Span Backwards. The only
significant additive genetic contribution found on anxiety was on the intercept.
Significant additive genetic contributions on Digit Span Backwards were found on the
intercept, and on the slope through the intercept. Figure 37 shows little difference
between the coupling and no coupling models for anxiety and Digit Span Backwards.
The figure suggests that unique environmental contributions to Digit Span Backwards
were driving the variation in anxiety over time.

Next, we examined the association between anxiety and Block Design
performance. The parameter estimates from the full model are presented in table 46.
Consistent with the results from aim 3, evidence for unidirectional coupling of Block
Design on anxiety was found. Dropping the anxiety on Block Design coupling did not
result in a degradation of model fit. Conversely, we were unable to remove the Block
Design on anxiety coupling without a worse fitting model. No significant dominant
genetic effects were found on either anxiety or Block Design performance. No

significant genetic influences were found on the slope of anxiety. The only significant



64

additive genetic contribution on the slope of Block Design acted through the additive
genetic influences on the intercept. Figure 38 compares the estimations of the additive
genetic and unique environmental variance at each age. The figure demonstrates that
unique environmental variance in Block Design was driving variation in anxiety
symptoms. Although the magnitude is small it is statistically significant.

The association between anxiety and Card Rotations performance was
examined next. The parameter estimates from the full model are presented in table 47.
Evidence for unidirectional coupling of rotations performance on anxiety was found.
Dropping the anxiety on Card Rotations performance coupling did not result in a
degradation of model fit. Removing the Card Rotations performance on anxiety
coupling resulted in a worse fitting model. No significant dominant genetic effects
were found on either anxiety or Card Rotations performance. No significant genetic
influences were found on the slope of anxiety. The only significant additive genetic
contribution on the slope of Card Rotations acted through the additive genetic
influences on the intercept. Figure 39 compares the estimations of the additive genetic
and unique environmental variance at each age. The figure demonstrates that unique
environmental variance in Card Rotations was driving variation in anxiety symptoms.
Although the magnitude is small it is statistically significant given the significant
coupling parameter.

Lastly, biometric models examining the association between anxiety and
Figure Logic were fitted. Parameter estimates from the full model are present in table

48. Removing the anxiety on Figure Logic coupling did not significantly decrease
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model fit. Conversely, removing the Figure Logic on anxiety coupling resulted in a
significantly worse fitting model. Like previous models, all significant additive
genetic influences on anxiety were through the intercept. Significant additive genetic
contributions were present on the intercept as well as on the slope through the
intercept. Figure 40 presents age-based estimation of the additive genetic and unique
environmental variance for model with and without coupling. Unique environmental
variance on figure logic was driving unique environmental variance in anxiety.

Results Chapter acknowledgment

The results section of the dissertation, in part is currently being prepared for
submission for publication. The dissertation author was the primary investigator and
author of this material. Co-authors to this work include: Julie Wetherell, Ph.D.,
Chandra Reynolds, Ph.D., William Kremen, Ph.D., Niloofar Afari, Ph.D., Deborah
Finkel, Ph.D., and Margaret Gatz, Ph.D.. The dissertation/thesis author was the

primary investigator and author of this paper.



DISCUSSION

The broad focus of this dissertation was to examine the developmental
trajectory of anxiety across later life and its association with cognitive performance.
This project addressed aforementioned gaps in the literature and hoped to answer four
main questions: (1) How stable are the genetic and environmental contributions on
symptoms of anxiety throughout older adulthood? (2) To what extent do shared
genetic and environmental factors explain the association between anxiety and
cognitive performance in later life? (3) What is the directionality of the association
between anxiety and cognitive performance? (4) What are the temporal dynamics of
genetic and environmental influences on this association? To examine these questions,
longitudinal anxiety and cognitive performance data gathered over a span of 23 years
from a nationally representative twin population were examined. We anticipated that
given changes associated with aging (both physiological and environmental) new
genetic or environmental contributions to the etiology of anxiety symptoms would
arise in later life. Given prior findings documenting single genes that may influence
both cognition and anxiety we hypothesized that some shared genetic influences
would explain the correlation between anxiety and cognitive performance. We then
examined the directionality of the association between cognitive performance and
anxiety over time. We did not have a hypothesis regarding the directionality of the
association between anxiety and cognitive performance, as research to date suggests
that it may be in either direction. Lastly, we examined the temporal dynamics of

genetic and environmental influences driving this association.
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We found some support for our hypotheses. Specifically, we found evidence
for new additive genetic and unique environmental influences on the etiology of
anxiety in later life. We also found evidence for shared genetic influences impacting
both anxiety and cognitive performance. Findings also suggest that the association
between anxiety and cognitive performance is unidirectional. Poorer cognitive
performance was associated with subsequent increases in anxiety; however, increased
anxiety was not associated with subsequently greater declines in cognitive
performance.

The first aim of this study was to examine the stability of genetic and
environmental influences on anxiety across older adulthood. Although genetic
innovations in younger adulthood (age 54 and younger) explained much of the genetic
variance throughout later life, we did find evidence for differences in the genetic
determinants of anxiety arising around the age of 60. Similarly, although the unique
environmental influences on anxiety in younger adulthood explained much of the
unique environmental variance in later life evidence for new unique environmental
determinants of anxiety were found arising between age 70 and 80. The finding that
genetic and unique environmental influences in younger life explain most of the
variance in anxiety symptoms later in life is consistent with prior research (Gillespie,
et al., 2004). We also did not find evidence of dominant genetic or shared
environmental factors in the etiology of anxiety later in life. This is also consistent

with a large body of literature (Kendler et al., 2011).
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New significant genetic contributions were found at age 60-64 for both
measures of anxiety. This finding suggests that starting at this age new biological
factors may be contributing to the etiology of anxiety symptoms. New genetic
contributions on anxiety may exist not only at this age but at all subsequent ages.
These new genetic factors were small, but statistically significant. This finding of new
genetic contributions in later life is somewhat consistent with prior research that found
new increased heritability of depression later in life (Gatz, et al., 1992; Gillespie, et
al., 2004). As described previously, cardiovascular disease and other chronic health
conditions are commonly comorbid with anxiety in older adulthood. The incidence
and prevalence of cardiovascular diseases (e.g. hypertension, heart disease, heart
failure, and stroke) increase substantially after the age of 60 (Go et al., 2013). Recent
epidemiological research has documented the association between physical health and
anxiety (Mackenzie, El-Gabalawy, Chou, & Sareen, 2013). This study found that poor
physical health was a predictor of persistent mood and anxiety disorders in older
adults. While not unique to older adults, chronic medical conditions typically occur
with greater frequency in older than younger adults. Other pathophysiologies unique
to late life anxiety may also explain this new genetic innovation. Genes contributing to
cognitive decline may explain this genetic innovation seen at age 60. Cognitive
performance typically starts to decline a greater rate, starting around the age of 60
(Salthouse, 2010).

New unique environmental factors were contributing to the etiology of anxiety

at ages 70-74 for the STPI and ages 75-79 for the Anxiety Crosswalk measure. The
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new unique environmental influences on anxiety at this age may reflect some of the
stressful life events that are associated with the aging process that commonly arise
during these ages. Providing care for a significant other who is chronically ill or
cognitively impaired may be one of these environmental events associated with
anxiety at this age. Additionally, during the course of SATSA the life expectancy in
Swedish population ranged from 73-83 years (U.S. Census Bureau, 2012). The
likelihood of experiencing significant bereavement from having a spouse or close
friend pass away is quite high. Although research has consistently demonstrated that
the prevalence of anxiety and depression decreases in later life and most people are
resilient following the death of a significant other (Bonanno, 2004), some individuals
have difficulty coping with these significant environmental stressors (Miller, 2012).
These stressors may explain the significant unique environmental contributions to
anxiety symptoms that were found starting at these ages.

The heritability of anxiety symptoms estimated in the first study was accounted
for by a combination of the genetic innovations and autoregressive transmission
factors. For both measures of anxiety we found that genetic influences on anxiety
symptoms decreased modestly (from 35-40% to about 20%) while participants were in
their 60’s. This decrease was largely due to a decrease in magnitude of transmission
factors from age 55 to age 60. While we found that the mean level of anxiety did not
decrease during this age span environmental factors became more salient in the
etiology of symptoms. The ages of 60-65 are commonly a period of significant

transition in social roles, specifically transitioning from working to retirement. While
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most people experience increased well-being and life satisfaction following
retirement, this life transition may be challenging for some. Thus, it is possible that
stressors associated with retirement may be accounting for the increased salience of
environmental factors at this age period. This is consistent with the developmental
psychopathology model of psychopathology (Cicchetti, 2006). This model, while
previously mostly applied to children and early life transitions, posits that transitional
periods may be particularly salient in the development of psychopathology. The
increased importance of environmental factors during this time period may reflect
retirement and the transition into older adulthood.

In sum, the first question of this dissertation asked how stable are the genetic
and environmental contributions to anxiety in later life? We found that genetic and
environmental influences are mostly stable with some evidence for new genetic factors
impacting the etiology of anxiety symptoms starting at ages 60-64. It is unclear what
these new genetic influences are at this age. One hypothesis is given association
between cognitive performance and anxiety in later life (Beaudreau & O'Hara, 2008),
genetic influences contributing to cognitive performance may also be influencing
anxiety. This may potentially explain the new genetic innovation on anxiety that was
detected at age 60. The extent to which shared genetics or environment contribute to
the association between cognitive performance and anxiety later in life is largely
unknown. We aimed to answer this question with the second study of this dissertation.

Results from this second study provide evidence that higher anxiety was

associated with worse cognitive performance in the domains of attention, working
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memory, nonverbal recognition memory, and visuospatial abilities. Contrary to our
hypotheses, we did not find any association between anxiety and processing speed.
Also, unexpectedly we found an association between anxiety and visuospatial abilities.
Sex differences did emerge with this association being higher in males than in
females. Additionally, differences between the sexes were found in the variance
structure of genetic and environmental risk factors underlying this association. For
males we found significant shared genetic vulnerabilities, while in females shared
unique environmental factors explained the association.

Univariate sex-limitation models were estimated first to examine sex
differences in the variance structure of anxiety and cognitive performance. The
univariate models found evidence that the variance structure in anxiety symptoms
differed by sex. Specifically, we found that the overall variance in anxiety symptoms
was greater for males than females. The overall proportion of variance accounted for
by additive genetic factors was similar for males (35%) and females (38%). Consistent
with prior research, no sex differences in the variance structures were found in
cognitive performance (Finkel, Reynolds, Berg, & Pedersen, 2006). There was also no
evidence for significant contributions of dominant genetic effects on anxiety
symptoms or cognitive performance.

For males, higher anxiety was associated with worse performance on tests of
attention (Digit Span Forward), working memory (Digit Span Backwards), nonverbal
memory (Thurstone picture memory), and aspects of visuospatial functioning (Block

Design, and Card Rotations). In females, anxiety was associated with worse nonverbal
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memory and visuosptatial abilities. Inconsistent with our initial hypotheses and past
research, we did not find any significant association between anxiety and processing
speed in both males and females. Additionally, inconsistent with our hypothesis,
anxiety was associated with worse visuospatial performance. Future research needs to
examine the association between anxiety and visuospatial functioning in greater detail.
The Block Design task has a speed component to performance. Higher scores are
representative of a faster performance. It is possible that the speed aspect of this test
may be driving the association between Block Design and anxiety. Significant
associations were also found on a different test of visuospatial performance (Card
Rotations), suggesting an association between visuospatial abilities and anxiety.
Future research needs to examine the association between anxiety and visuospatial
processing in greater depth.

The extent to which genetic and environmental factors explain the correlation
between anxiety and cognitive performance differed by sex and cognitive domain. For
males, the association between basic attention and anxiety was explained primarily by
shared unique environmental factors. Conversely, shared genetic contributions
explained the association between the more demanding working memory (Digit Span
Backwards). Sex differences emerged on tests of nonverbal memory and visuospatial
performance. For females, the association between anxiety, nonverbal memory, and
visuospatial abilities was explained primarily by unique environmental factors. For

males, shared additive genetic factors primarily explained this association.
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One explanation as to why genetic factors may be more salient in males is the
role of cardiovascular disease. Not only is cardiovascular disease more prevalent in
males (Perez-Lopez, Larrad-Mur, Kallen, Chedraui, & Taylor, 2010) but genetic
contributions to specific cardiovascular diseases such as hypertension also appear to
be greater in males (Biino et al., 2013). Cardiovascular diseases are associated with
both anxiety and poorer cognitive performance. Therefore, genetic contributions
influencing vascular health might be explaining the shared genetic contributions on
anxiety and cognitive performance. The potential protective role of estrogen on
cognition also may contribute to these sex differences. Research, primarily in animal
models, has found that the hormone estrogen may have a positive effect on cognition
especially in the domains of learning and memory (Pompili, Arnone, & Gasbarri,
2012). Estrogen receptors have been implicated in the brain’s stress response
pathways (Ter Horst, Wichmann, Gerrits, Westenbroek, & Lin, 2009) and might be
protective to neurons from the harmful effects of cortisol (Hulshof, Novati, Luiten,
den Boer, & Meerlo, 2012). Similarly, Dumas et al. (2012) found that estrogen was
associated with less negative reactivity to stress in older women. The potential
protectiveness of estrogen against the harmful effects of stress on brain physiology
may explain why unique environmental factors contribute more to the association
between anxiety and cognitive performance in females.

Limitations of this dissertation are discussed in greater detail later in this
section, but one important limitation of correlational research is the inability to draw

inferences of causation or directionality. Based on these cross-sectional correlations it
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is unclear if individuals experiencing higher anxiety are then subsequently
experiencing greater declines in cognitive performance or if the opposite is true.
Participants experiencing declining cognitive performance might be subsequently
becoming more anxious. This question we sought to answer with the third study of
this dissertation was: “What are the temporal dynamics of this association between
anxiety and cognitive functioning?” We sought to elucidate the directionality of this
association. Specifically we sought to find out if anxiety was associated with
subsequent declines in cognitive performance or if declining cognitive performance
was a leading indicator of changes in anxiety.

To attempt to answer this third question we examined the complex association
between cognitive performance and anxiety symptoms by fitting dual change score
models of change. Univariate models indicated that anxiety was stable throughout
later life with a small but significant linear decline over older adulthood. This finding
is consistent with prior research (Wetherell, et al., 2001). Although anxiety was fairly
stable we found significant variability in this linear trajectory of anxiety over age.
Also consistent with prior research, univariate models documented significant declines
in all cognitive abilities examined during the second half of life (Salthouse, 2010).
With the exception of digit span, all measures of cognitive performance exhibited
significant proportional changes over time. This proportional change suggested that
the rate of declines in cognitive performance increased with age.

Anxiety symptoms at one age did not predict subsequent changes cognitive

performance. Cognitive performance did however predict future changes in anxiety.
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Specifically, across all cognitive outcomes, worse performance was associated with
increased anxiety three years later. Similarly, better cognitive performance was
associated with less anxiety three years later. These findings are consistent with a prior
study utilizing dual change modeling to examine the dynamic association between
depression and memory over time (Jajodia & Borders, 2011). Unlike the prior aim we
did not find any evidence of sex differences in this association.

This dynamic association between anxiety and cognitive performance was
present even after controlling for depression, education, and sex. Not surprisingly
symptoms of depression were associated with symptoms of anxiety as well as many
cognitive abilities. Higher depressive symptoms were associated with faster linear
declines in processing speed, nonverbal memory, and visuospatial functioning over
age. Depressive symptoms were also associated with greater initial anxiety symptoms
but were not associated with changes over age.

Psychological processes may explain this association between cognitive
performance and future anxiety symptoms. Noticeable declines in cognitive ability
may become a source of worry and distress leading to increased anxiety three years
later. Declines in cognitive performance may impact social functioning. Declines in
memory, attention, and processing speed all may contribute to feeling anxious about
performance in social settings. Declining spatial functioning may result in worry about
engaging in activities far from home due to fear of being unsure of surroundings. This
anxiety may result in avoidance of these situations reinforcing their concerns. This

potential social withdrawal may result in the emergence of emotional distress such as
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anxiety or depression. Another possibility is that declining cognitive performance may
hinder one’s ability to respond and cope with life stressors. This potential decreased
problem solving ability may result in the prolongation of stressors or inability to
prevent stressors. The prolongation of stressors may be contributing to the future
emergence of anxiety.

Biological processes may explain this association. Declines in cognitive ability
initially followed by subsequent increases in anxiety may be the sequelae of a larger
pathophysiological process. One potential process is cardiovascular disease and
chronic medical illness. Cardiovascular disease, specifically hypertension, causes
hyperintensities of the white matter tracts in the brain. These changes to the white
matter pathways of the brain are associated with worse cognitive performance
particularly slower processing speed. Recent research has also shown a positive
association between white matter hyperintensities, avoidance behaviors, and trait
anxiety symptoms (Montag, Reuter, Weber, Markett, & Schoene-Bake, 2012;
Westlye, Bjornebekk, Grydeland, Fjell, & Walhovd, 2011) as well as late-life
depression (Santos et al., 2012). It is possible that cognitive decline and anxiety may
be sequelae of cardiovascular disease.

These findings have important clinical implications. Clinicians working with
older adults need to monitor and assess anxiety when working with older adults who
are experiencing objective declines in cognitive abilities. Most older adults in need of
mental health care seek treatment through their primary care doctor and not in

specialized settings (Gum, Iser, & Petkus, 2010). Older adults suffering from anxiety,
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or other psychiatric conditions commonly do not have insight into their symptoms
(Gum et al., 2009). The end result being that the majority of older adults in need of
mental health care do not receive adequate treatment (Garrido, Kane, Kaas, & Kane,
2011). Primary care providers have limited time and resources for screening of these
problems are scarce. Thus, screening efforts need to be targeted to optimize resources.
The findings that changes in cognitive performance typically precede increased
anxiety may improve the effectiveness of detection of anxiety in healthcare settings.
Initial assessment and continued monitoring of anxiety in individuals experiencing
cognitive declines may be helpful in improving the detection of these problems.
Education on normal cognitive aging has been identified as important to the
prevention of dementia (Middleton & Yaffe, 2009). The findings from this study
confirm the potential importance of psychoeducation with older adults. If the
hypothesis that psychological factors are contributing to subsequent increases in
anxiety, namely cognitive abilities become a target of worry, then psychoeducation
may be preventative in the future development of anxiety. If older adults are educated
about normal cognitive aging they may be less likely to worry about their own current
level of functioning. Additionally, psychoeducation may be beneficial if a
physiological mechanism such as cardiovascular disease is contributing to declining
cognitive abilities and increased anxiety. Education about cardiovascular disease and
other risk factors for future cognitive declines may potentially decrease both anxiety

and some of the risk factors for future cognitive declines. Research suggests that older
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adults are satisfied with and can improve knowledge through programs designed to
increase knowledge about cognitive aging (Norrie et al., 2011).

The last aim of this dissertation sought to increase our knowledge base around
the question of the mechanisms driving this association between cognitive decline and
future anxiety. Specifically we aimed to determine if genetic or environmental factors
were driving this association over time. As discussed, this association can be
explained by a number of potential scenarios. Specifically we investigated three
possible scenarios: (1) genetic or environmental factors impacting anxiety are driving
variation in cognitive performance (2) genetic or environmental factors impacting
cognitive performance are driving variation in anxiety symptoms, or (3) if a
bidirectional association exists.

The results from these biometric models demonstrate the complex association
between anxiety and cognitive performance. We found that for some cognitive
domains genetic factors influencing cognitive performance were driving variation
anxiety. Primarily for processing speed and attention, genetic factors contributing to
cognitive performance were driving variation in anxiety over time. In other domains,
specifically spatial abilities, unique environmental variation of spatial functioning was
driving variation in anxiety. Across all of these biometric analyses the effect was
small.

Genetic factors explaining variance in measures of processing speed (Symbol
Digit) and working memory/attention (Digit Span Total) were driving variation in

anxiety symptoms. This provides support for the hypothesis that physiological
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mechanisms driving changes in processing speed are subsequently driving increases in
anxiety. The APOE gene may be one candidate gene influencing both changes in
processing speed followed by increased anxiety. Older adults with the higher
neuroticism and the APOE &4 allele may have worse cognitive functioning than those
without the APOE ¢4 allele (Dar-Nimrod et al., 2012). White matter changes are
another potential physiological mechanism. Late life depression has been also been
associated with periventricular white matter changes (Nebes et al., 2001). It is possible
that white matter changes occurring in the frontal lobe may be first cause slower
cognitive processing (Kerchner et al., 2012) followed by emotional distress such as
depression or anxiety. Changes in the frontal lobe have been implicated in both
depression and anxiety later in life. Future research needs to investigate this further.
Contrary to processing speed, unique environmental contributions to
visuospatial performance were driving variation in anxiety. These findings suggest
that different mechanism driving the association between anxiety and cognitive
performance varies by domain. Physiological mechanisms do not appear to be driving
the association between anxiety and visuospatial abilities. Referring back to a potential
explanation posited in the discussion of the phenotypic analysis, these findings
potentially provide some support for the idea that cognitive changes may be resulting
in activity restriction. Individuals experiencing declining abilities in this domain might
be less confident or willing to engage in new activities outside of the home due to fear
of getting lost. This potential social withdrawal may result in decreased engagement in

value consistent and pleasant activities resulting in the development of emotional
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distress such as anxiety or depression. Prior SATSA examinations have documented
that genetic variance driving processing speed drives variation in spatial abilities
(Finkel, et al., 2009). Thus, it is possible that genetic factors influencing processing
speed may be causing variation in anxiety through spatial processing.

Limitations

The studies conducted in this dissertation have a number of limitations that
need to be discussed. First, global limitations that are present across all aims will be
discussed. This will be followed with a discussion of limitations specific to each of the
study aims.

The measurement of anxiety across studies was not optimal and is a significant
limitation of this work. The anxiety crosswalk measure converted face valid items
initially intended to measure the construct of neuroticism to a corresponding score on
a validated anxiety measure (STPI). While the constructs of anxiety and neuroticism
significantly overlap, and a widely used statistical approach was implemented to link
these instruments (Rasch crosswalk analysis), no data exsit outside this study on the
psychometrics of this created crosswalk scale. Although the Anxiety Crosswalk scale
had a similar mean to the STPI as well as a similar cross-sectional correlation with
cognitive performance at IPT2, a more well-validated measure of anxiety would have
been optimal. The computed crosswalk scale also had a restricted number of possible
scores due to the dichotomous nature of the ENI items. As a result of the limited
scores, the crosswalk measure may not have been able to capture the more subtle

differences in anxiety.
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The cognitive battery used in these studies poses another limitation. The initial
SATSA cognitive assessment took place in the year 1986. While the cognitive battery
used in this examination is both valid and reliable and captures a number of domains
of functioning, it does not measures some cognitive abilities that have been associated
with anxiety. Mainly, the lack of an assessment of verbal memory and executive
functioning is a major limitation of this work. The battery only had a measure of
nonverbal memory (Thurstone picture memory). The Thurstone only measures
recognition abilities and not recall abilities which is another limitation of this test.
Additionally, in order to best assess change in a measure over time the same measure
needs to be administered at every assessment point. This means that the measures
administered at the beginning of the study should be used throughout at each follow-
up assessment. This poses a potential problem in studies whose duration is several
years or even decades like SATSA. While the cognitive assessments used in this study
are reliable and valid, the field of neuropsychological assessment has grown
exponentially since the onset of the study. New measures have been developed that
may be more sensitive to change and better able to measure the cognitive processes of
interest have been developed since the inception of SATSA.

It is unclear how these findings would translate to older adults with anxiety
disorders or older adults experiencing clinically significant cognitive deficits. A
strength of the study is that it includes a nationally representative sample, participants
were endorsing minimal levels of anxiety and were not included in the analysis if they

met criteria for dementia. However, it is not known if these patterns of findings remain
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true for older adults experiencing clinically significant anxiety. The directionality of
the anxiety-cognition association may be different in clinically anxious older adults.
As discussed in the introduction, evidence does exist suggesting that diagnosed
anxiety disorders such as PTSD are associated with increased risk for cognitive
impairment in the future (Yaffe et al., 2011). Future research needs to examine these
relationships in a clinically anxious sample of older adults.

Some specific limitations in the first study include the inability to examine
potential sex differences in the simplex models. Prior research has demonstrated that
the genetic and environmental contributions to anxiety symptoms may be different for
men and women over time (Gillespie et al., 2004). We also found evidence for sex
differences in the univariate Cholesky decompositions in the second aim of this
project. Future research needs to replicate these findings with the examination of sex
differences. The limited number of participants at both ends of the age distribution is
another limitation of the simplex models. For the Anxiety Crosswalk only 33 total
twin pairs and 133 partial twin pairs were aged 86 or older. As a result our statistical
power to examine the stability of anxiety symptoms in the oldest old was limited. The
population of the oldest old (typically defined as 85 or older) is growing at an
exponential rate (Papalia, Sterns, Feldman, & Camp, 2007). Given the increasing
importance of this population future research needs to examine the stability of anxiety
symptoms in this age group.

Important limitations exist in the phenotypic and biometric dual change score

statistical models used in the third and fourth study. Structural equation models such
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as the DCSM model have assumptions that inter and intra individual variance are
equivalent and missing data are missing at random (Finkel, et al., 2007). Although the
DCSM models minimize this bias through the use of both latent variables and latent
change scores, the more reliable measure might be assigned as the leading indicator of
change. Thus, it is possible that the finding that cognition was a leading indicator of
change in anxiety is a result of the fact that the cognitive tests were psychometrically
more sound than the anxiety crosswalk.

Inconsistencies between the parameter estimates from the biometric and
phenotypic DCSM models were also found. Two different computer programs were
needed to fit the phenotypic (MPLUS) and biometric (classic Mx) models. While the
results were largely consistent some slight inconsistencies emerged. First, the
estimated trajectories for all variables differed slightly by software program. Second,
while the bivariate associations between variables were largely consistent, this was not
true for all bivariate associations. For the bivariate association between Symbol Digit
and anxiety, the phenotypic models suggested that unidirectional coupling was
occurring, namely Symbol Digit was associated with subsequent anxiety symptoms.
The biometric models suggested bidirectional coupling, with evidence for both
Symbol Digit associated with subsequent anxiety, as well as anxiety associated with
subsequent Symbol Digit performance. Similarly, with the models examining Digit
Span Forward and anxiety, the phenotypic models suggested unidirectional coupling
while the biometric models found no significant coupling. Future examination of these

models needs to be done to clarify these discrepancies.
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Summary

In sum, evidence was found for new genetic and environmental influences
arising in the etiology of anxiety symptoms in older adulthood. Cross-sectionally,
anxiety was associated with poorer working memory, figure memory, and spatial
abilities. The association was stronger in males than females. Genetic factors
explained the association in males whereas shared unique environmental factors were
more salient in females. When examining the directionality of this association over
time, worse cognitive performance was predictive of higher anxiety. Genetic factors
contributing to processing speed appear to be driving the variation in anxiety, whereas
unique environmental factors contributing to spatial abilities were driving the variation
in anxiety. These findings have important clinical implications for identifying targets
for interventions and preventative efforts. Future research needs to examine the role of
vascular health and how this may be impacting these results. Additionally, future
research needs to examine the role of target genes such as the APOE and serotonin
transporter allele as potential specific genes driving this association.
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Table 1. Item comparison of the state anxiety scale for the state trait personality
inventory (STPI) and the Eyesnck neuroticism inventory (ENI).

STPI ENI

1. | Ifeel calm Are you often anxious and feel that vou
want something but you don’t know what?

2. | I'feel tense Are you sometimes happy or sad without
any particular reason?

3. | I feel satisfied Often make decisions too late?

4. | I am worried in case I Often feel tired or listless without particular

fail reason?

5. | I feel nervous Do you often find vourself deep in thought?

6. | I feel shaky Are extra sensitive in certain siations?

7. | I feel relaxed Are you so restless sometimes that you
cannof sit still?

8. | [ am anxious Do you have nervous troubles?

9. | I feel harmonious Do you usnally worry too long after a very
embarrassing experience?

10. | I feel frightened

Rating Scale

= Fits me exactly

= Does not fit me at

0=No
1=Yes




Table 2. Number of complete and incomplete twin pairs who completed a STPI and

anxiety crosswalk assessment by age interval, zygosity, and rearing status.

54 youmger 5550 60-54 65-60 T0-74 7319 0-34 85 and older

. .o - .o . 0 - o . .o - wo - .o - =
STFI
1MZ 75 krd a4 24 71 40 76 63 a7 it 3 L] 14 44 5 26
1DZ 11 103 104 76 113 105 140 17 109 167 3 127 11 101 7 42
1MET 52 19 2 9 48 17 32 38 39 20 38 7 25 4 12
IMZA 3 13 bl 15 ek} b 31 20 32 18 30 7 n 1 14
3DET 44 40 40 29 48 4 40 a3 8 445 58 13 42 [ i
4DZA (5] a3 a4 47 66 i3 68 46 it 33 L] g 39 1 3
Total 1856 133 158 100 186 145 25 180 176 38 ne 196 335 47 12 68
Anmiety Crosswalk
1ME 95 24 24 24 o8 45 107 62 98 e 0 87 34 1 46
1DE 16 a0 139 34 160 124 M 154 m 4 125 178 53 150 21 109
1MET 66 10 38 11 65 1@ &4 3 30 43 4 53 20 32 7 26
IMZA 20 14 26 13 33 4 43 35 3 36 30 32 20 2 5 20
3DZT 72 33 36 32 T3 48 og 64 27 a2 3 T a5 [ 16 50
4DZA 97 47 83 52 0w 76 103 g7 85 112 [ o0 b 82 5 B
Tatal 54 1 3 108 256 167 308 218 m 283 105 265 ] i ) 3 153

Note: ee=complete twin pair ; 2 = incomplete twin pair; MZ = Mm_lozygolic twin pair; DZ = Dizygotic twin pair;

MZT = Monozygotic pair raised together; MZA = Monozygotic pair raised apart; DZT = Dizygotic pair raised together;
DZA = Dizvgotic pair raised apart
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Table 3. Number of participants who completed anxiety and cognitive data at each
age group (N = 801). Note that the assessment schedule for anxiety crosswalk and

100

cognitive performance were not identical resulting in different N’s for the anxiety and

cognitive data.

Anxiety Cognitive
Crosswalk Performance

Age (Years) (N) (N)
50.00-52.99 139 81

53.00-55.99 194 157
56.00-58.99 238 195
59.00-61.99 256 236
62.00-64.99 319 293
65.00-67.99 353 353
68.00-70.99 345 339
71.00-73.99 310 304
74.00-76.99 289 288
77.00-79.99 243 223
80.00-82.99 169 169
83.00-85.99 112 105
86 and older 63 68
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Table 4. Number of twin pairs who completed cognitive data at each age group (N =
801) broken down by zygosity.

MZ DZ

(X (e (X e0
50-52.99 14 0 23 8
53.00-55.99 25 2 48 8
56.00-58.99 34 6 51 19
59.00-61.99 37 9 68 15
62.00-64.99 52 8 73 32
65.00-67.99 60 13 92 35
68.00-70.99 44 21 83 51
71.00-73.99 40 19 75 46
74.00-76.99 32 29 66 49
77.00-79.99 31 24 41 44
80.00-82.99 19 19 24 49
83.00-85.99 6 19 9 39

86.00-88.99 2 16 5 22




Table 5. Item-total correlations and infit/outfit mean squares estimates for Rasch

analysis of all items of the STPI and ENI.

Infit Outfit
MNSQ STD MNSQ STD Cotr

STPI Items
1. I feel calm 0.80 412 0.75 -52 0.70
2. I feel tense 0.82 -38 0.76 41 0.70
3. I feel satisfied 1.09 1.8 1.11 2.2 0.64
4. I am worried in 1.38 7.5 1.40 6.9 0.60

case I fail
5. I feel nervous 0.62 9.0 0.57 -7.9 0.74
a. I feel shaky 0.98 -03 0.74 -28 0.59
7. I feel relaxed 0.96 -08 1.07 1.5 0.71
8. I am anxious 0.90 -232 1.00 0.1 0.70
0. I feel 0.93 -14 1.01 0.2 0.71

harmonious
10. I feel frightened 0.82 -32 0.72 -33 0.64
ENI Items
1. Anxious 0.91 -1.8 0.77 -10 046
2. Happy or sad 1.14 4.6 1.36 5.8 045
3. Make decisions 1.21 438 1.70 5.0 0.33

late
4. Tired 0.95 -1.0 1.09 0.8 044
5. Deep in thought 1.10 2.8 1.29 3.7 044
. Sensitive 1.20 6.1 142 6.6 043
7. Restless 1.09 22 1.28 2.5 0.39
8. Nervous 0.82 -28 0.64 -22 045
0. Worry 1.17 3.3 1.37 5.7 043

STPI = State subscale of the State Trait Personality Inventory
MNSQ = Mean Square

STD = Standard deviation
Corr = Item-total score correlation
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Table 6. Item total correlations and infit/outfit mean squares for Rasch analysis of all

STPI items and misfitting items of ENI removed.

Infit

MNSQ STD MNSQ STD Corr

STPI Items
1. Ifeel calm

2. Ifeel tense

3. Ifeel
satisfied

4., Tam
worried in
case I fail

5. Ifeel
nervous

6. Ifeel shaky

7. Ifeel
relaxed

8. Tam
anxious

9. Ifeel
harmonious

10. 1 feel
frightened

ENI Items

1. Anxious

2. Make
decisions
late

3. Tired

4. Deepin
thought

5. Restless

6. Nervous

0.80
0.85
1.16

1.48

0.61

0.96

1.00

0.92

0.98

0.85

0.91
1.26

0.94

1.17

1.10
0.81

-3.9
-3.1
2.9

8.8
-8.6
0.60
0.01

-1.6

-1.6
5.6

-1.2
4.7

2.2
-3.0

Outfit
0.75 -5.1
0.81 3.2
1.21 3.7
1.56 9.0
0.58 -7.5
0.73 -2.9
1.14 2.5
1.05 0.90
1.08 1.6
084 -1.7
0.83 -1.1
2.08 7.7
1.43 2.8
1.64 6.8
1.67 4.7
0.89 -0.5

0.71
0.70
0.65

0.61

0.74

0.60

0.72

0.71

0.72

0.63

0.45
0.33

0.44

0.42

0.40
0.45

STPI = State subscale of the State Trait Personality Inventory

MNSQ = Mean Square
STD = Standard deviation

Corr = [tem-total score correlation
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Table 7. Crosswalk table linking STPI and the shortened 6 item ENI scale.

STPI LOGIT ENI
Raw Score Raw Score
12 -2.87 0
16 -1.52 1
23 -0.59 2
31 0.12 3
39 0.84 4
46 1.78 5

49 3.16 6




Table 8. Simplex Model Fitting Results for the STPI

Model -21L df  AIC Compare A A r
2LL df
1.ACE4 2223006 3279 15681 - - - -
groups
2.ACE-2 2224860 3279 15690 - - - -
groups
3.ADE 2224845 3279 15690 - - - -
4 AE 2225223 3292 15668 1 1317 13 0589
5E 22300.76 3305 15690 4 4853 13 =001 **
AF simplex sub-models
Drop Ai55 2225227 3293 15666 4 0.04 1 0.84
Drop Ai60 22256.300 3293 15670 4 407 1 004 *
Drop A5 2225237 3293 15600 4 0.15 1 0.70
Drop Ai70 2225223 3293 15600 4 0.00 1 1.00
Drop Ai75 2225300 3293 15667 4 1.68 1 0.20
Drop Ai80 2225223 3293 15600 4 0.00 1 1.00
Drop Ai33 2225400 3297 15660 4 1.86 5 0.87
and Ai65-
AiBD
Drop Ei135 2225223 3293 15600 4 0.00 1 1.00
Drop Ei60 2225279 3293 15600 4 0.56 1 0.45
Drop Ei65 2225447 3293 156068 4 224 1 0.13
Drop Ei70 2225735 3293 15671 4 313 1 002 *
Drop Ei75 2225223 3293 15600 4 0 1 1.00
Drop Ei80 2225268 3293 15600 4 0.45 1 0.50
Drop Ei55- 22261.36 3297 15667 4 913 5 0.10
Ei70 and
EiB0-Ei80
Dropall A & 22260.37 3302 15630 4 814 10 082
E non-
sigmificant
mnnovation

5

Note: -2LL =-2 * Log likelihood; Ai = additive genetic innovation at a specific age

group; Ei = unique environmental innovation at an age group; Compare =indicates the

full model being that submodel is being compared with; significant innovations at p

<10.05 are designated with an *
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Table 9. Simplex Model Fitting Results for the Anxiety Crosswalk

106

Model -21L df AIC Compare A Adf P
-2LL
1 ACE4 groups 3376343 4712 24319 - - - -
2ACE-2 groups 3376530 4722 24321 - - - -
3.ADE 337711 4722 24327 - - - -
4 AE 3378156 4737 24307 1 1617 15 0.37
5E 3388091 4752 24376 4 0036 15 =0.01*=*
AF simplex sub-models
Drop Ai55 3378497 4738 24308 4 342 1 0.06
Drop Ai60 33788.35 4738 24312 4 6.79 1 0.01*
Drop Ai63 33781.56 4738 24305 4 0 1 0.98
Drop Ai70 3378158 4738 24305 4 0.03 1 0.87
Drop Ai73 3378294 4738 24306 4 1.39 1 0.24
Drop AiB0 3378235 4738 24306 4 0.80 1 0.37
Drop AiB3 3378156 4738 24305 4 0.0 1 0.97
Drop AiS5and 3378739 4743 24301 4 5.84 6 0.44
A165-AiB5
Drop Ei55 33781.56 4738 24305 4 ] 1 1
Drop Ei60 33781.56 4738 24305 4 ] 1 1
Drop Ei65 33781.56 4738 24305 4 0 1 1
Drop Ei70 33784.18 4738 24308 4 2.62 1 0.11
Drop Ei75 33786.83 4738 24310 4 5.28 1 0.02*
Drop Ei80 33781.82 4738 24305 4 0.26 1 0.61
Drop Ei85 33781.82 4738 24305 4 0.26 1 0.61
Drop Ei55-Ei70 3378448 4743 24208 4 292 6 0.82
and Ei80-
Ei85
Dropall A& E 3379331 4740 24205 4 11.75 12 0.47
nofn-
significant
innovation

Note: -2LL = -2 * Log likelihood; Ai = additive genetic innovation at a specific age

group; Ei = unique environmental innovation at an age group; Compare = indicates the

full model being that submodel is being compared with; significant innovations at p

=0.05 are designated with an *



107

Table 10. Univariate models for STPI and cognitive measures.

211 df AIC AX2 Adf r Compare A D E
STPI models
1. ADE- Sex Limitation 382041 562 269641 - - - -
Male 0.01 041 0.59
Female 031 0.08 0.61
2. ADE-Sex equal 384728 563 271728 26.87 3 =0.01* Model 1 018 023 0.60
3. AE-Sex Limitation 382132 564 269332 091 2 0.63 Model 1
Male 035 - 0.65
Female 038 - 0.62
Symbol digit models
1. ADE-Sex Limitation 385413 506 284213 - - - -
Male 0.81 0 0.19
Female 076 o 024
2. ADE-Sex equal 385480 509 1836.89 0.7 3 0.76 Model 1 0.78 =0.01 022
3. AE-Sex equal 358489 510 283489 ] 1 =099 Model 2 078 - 0.22
Figure identification models
1. ADE-Sex Limitation 414971 522 310571 - - - -
Male 0.65 =0.01 034
Female 011 056 033
2. ADE-Sex equal 415090 525 310090 119 3 0.76 Model 1 038 028 0.33
3. AD-Sex equal 415161 526 309961 0.71 1 0.40 Model 2 066 - 034
Thurstone models
1. ADE-Sex Limitation 4387281 51% 335181 - - - -
Male 049 =0.01 051
Female 048 003 0.49
2. ADE-Sex equal 438985 521 334785 204 3 0.57 Model 1 049 =0.01 051
3. AE- Sex equal 438985 522 334585 Q 1 =0.99 Model 2 049 - 0.51
Digir span total
1. ADE-Sex Limitation 4319.19 347 322519 - - - -
Male 0.19 036 0.46
Female 0.56 =0.01 044
2. ADE-Sex equal 431961 330 042 3 054 Model 1 041 014 0.45
3. AE-Sex equal 4319.79 551 019 1 0.67 Model 2 0.54 - 0.46
Digit Span Forward
1. ADE-Sex Limitation 4423 61 347 332061 - - - -
Nale 0.03 033 0.64
Female 0.51 =0.01 0.4%
2. ADE-Sex equal 4426 33 550 332633 272 3 0.44 Model 1 0.42 0.02 0.56
3. AE- Sex equal 4426 33 551 332433 a 1 0.96 Model 2 0.43 - 0.57
Digit Span Baclkward
1. ADE-Sex Limitation 4503 .41 347 350941 - - - -
Male 0.35 011 0.53
Female 0.37 0.06 0.57
2. ADE-Sex equal 4605.53 350 350553 212 3 0.55 Model 1 036 0.09 0.55
3. AE- Sex equal 4605.6 551 3503.60 0.07 1 0.79 Model 2 044 - 0.56
Figure logic models
1. ADE-Sex Limitation 42165 523 317050 - - - -
Male 0.37 011 0.52
Female =0.01 034 0.65
2. ADE-Sex equal 4217.58 326 316538 1.09 3 0.78 Model 1 021 018 0.61
3. AE-Sex equal 421734 527 3163.84 025 1 0.61 Model 2 0.37 - 0.63
Block design models
1. ADE-Sex Limitation 442352 528 336752 - - - -
Male 0.79 =0.01 021
Female 0.65 0.05 0.30
2. ADE-Sex equal 442553 331 336353 2 3 0.57 Model 1 0.74 =0.01 0.26
3. AE-Sex equal 447533 332 336133 Q 1 =099 Model 2 075 - 026
Rotations models
1. ADE-Sex Limitation 414226 491 316026 - - - -
Male 072 =001 028
Female 044 020 037
2. ADE-Sex aqual 414584 494 315784 3357 3 031 Model 1 0.60 007 033
3. AE-Sex equal 4145.89 495 3155.89 0.05 1 0.82 Model 2 0.67 - 0.33

JI1.=-2 * Log likelhood: AIC = Akaike mformation cnitenion; A = proportion of vanance accounted for by additive genetics; D = proportion of
variance accounted for by genetic dominance; E = proportion of variance accounted for by unigue environment; Sex Limitation models estimated variance
compenents for males and females separately; Sex Equal models estimated vanance structure for males and females pooled together; Compare = indicates
the full model being that submodel is being compared to.
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Table 11. Means and phenotypic correlations between STPI, anxiety crosswalk, and
cognitive performance for males and females pooled together.

Mean STPI Anxiety Crosswalk
Cognifive Domain  Variable (5D} y p Y p
Processing Speed
Symbol Digit  38.0 -0.08 0.07 -0.09 0.04*
(11.4)
Figure Identification -0.05% 0.27 -0.06 0.16
Attention Working Memory
Digit Span Forward 643 -0.07 0.08 -0.06 0.14
(13.4)
Digit Span Backwards 522 -0.06 0.17 -0.05 0.21
(16.0)
Digit Span Total 58.6 -0.08 0.07 -0.07 0.11
(12.5)
Memory
Thurstone 744 -0.14 <0.01* -0.13 =0.01*
(16.4)
Visuospatial
Block’'s 434 -0.15 <=0.01%* -0.14 =0.01**
(16.3)
Rotations 46.0 -0.12 =0.01** -0.11 0.01*
(17.0)
Figure Logic 60.6 -0.09  0.04* -0.11 0.02*
(13.2)
Anxiety
STPI 178 - - 0.53 =0.001*%*
(7.3)

Anxiety 174 0353 =0.001%* - -
Crosswalk (8.1)
Notes: 5TPI = State Anxiety subscale of the State Trait Personality Inventory:
** denotes correlations significant at p = 0.01
* denotes correlations significant at p == 0,05
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Table 12. Means and phenotypic correlations between STPI, anxiety crosswalk, and
cognitive performance for males and females examined separately.

Males Females
Anxiety Anwiety
STPI Crosswalk STPI Crosswalk
I P T p I p I P
Processing Speed
Symbol -0.09 020 -0.05 049 -0.08 017 -0.13 0.03*
Digit
Figure -0.11 0.00 -0.01 093 -0.04 0.45 -0.11 0.07
Identification
Attention/Working Memory
Digit Span Forward  -0.13 0.04* -0.14 0.04% | -005 033 -0.20 0.72
Digit Span Backwards -0.16 0.02% -0.09 015 0.01 084 -0.02 0.69
Digit Span Total -0.17  <0.01** -0.14 0.04* | -0.02 0.68 -0.03 0.65
Memory
Thurstone  -0.17 0.01%* -0.03 063 016  =001** -0.21 =0.01**
Visuosparial
Block's -0.16 0.02% -0.07 027 -0.15  =0.01*= -0.1%8 <0.01**
Rotfations -0.17 0.01%=* -0.09 0.21 -0.04 0.54 -0.12 0.04
Figure Logic  -0.11 0.10 -0.02 0.74 -0.04 048 -0.14 =0.01**

Notes: STPI = State Anxiety subscale of the State Trait Personality Inventory;
**# denotes correlations significant at p < 0.01
* denotes correlations significant at p < 0.05



Table 13. Correlation matrix for STPI and Digit Span Total.

Male MZ STPI Digit Span STPI Digit Span
Twin 1 Twin 1 Twin 2 Twin 2
STPI Twin 1 1.00 - - -
Digit Span Twin 1 -0.36 1.00 - -
STPI Twin 2 043 -0.14 1.00 -
Digit Span Twin 2 -0.06 0.58 -0.04 1.00
Male DZ STPI Digit Span STPI Digit Span
Twin 1 Twin 1 Twin 2 Twin 2
STPI Twin 1 1.00 - - -
Digit Span Twin 1 -0.05 1.00 - -
STPI Twin 2 0.11 -0.04 1.00 -
Digit Span Twin 2 0.13 0.16 -0.19 1.00
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Table 14. Bivariate Cholesky decomposition of STPI and digit span total for males.

-2LL df  Versus p AIC A D E 1A 1E
1.ADE 336033 467 - - 2426
STPI 004 037 0359 -
Digit Span 021 033 045
2AE 3361.72 470 1 071 2421 -0.05 -026
STPI 035 - 0.63
Digit Span  0.52 - 043
3E 338002 473 1 <0.01* 2443
4 Drop A12 336177 4N 082 2410 -0.28
STPI 035 - 0.65
Digit Span  0.52 - 048
5.Drop E12 336549 4N 2 0.05*% 2423 -032 -
STPI 0.36 - 0.64
Digit Span  0.52 - 0438
6.Drop Al2 336995 472 2 0.02* 2425 -
and E12
STPI 033 - 0.63
Digit Span  0.52 - 048
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Table 15. Correlation matrix of STPI and digit span forward for males.

Male MZ STPI Forward 5TPI Forward
Twin 1 Span Twin 1 Twin 2 Span Twin 2
STPI Twin 1 1.00 - - -
Forward Span Twin 1 -0.36 1.00 - -
STPITwin 2 0.43 -0.14 1.00 -
Forward Span Twin 2 -0.06 0.58 -0.04 1.00
Male DZ STPI Forward STPI Forward
Twin 1 Span Twin 1 Twin 2 Span Twin 2
STPI Twin 1 1.00 - - -
Forward Span Twin 1 -0.05 1.00 - -
STPI Twin 2 0.11 -0.04 1.00 -
Forward Span Twin 2 0.13 0.16 -0.19 1.00
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Table 16. Bivariate Cholesky decomposition of STPI and digit span forward for

males.
-2LL Df Versus Pvalue AIC A D E rA iE
1.ADE 342044 467 - - 2486
STPI  0.01 042 0.58
Forward Span  0.03 0.34 0.63
2AF 3422.01 470 1 0.67 2482 0.13 -0.27
STPI 036 - 0.64
Forward Span  0.34 - 0.66
3E 343880 473 1 0.01%*= 2402
4 Drop Al2 342227 471 2 0.61 2480 - -0.23
STPI 037 - 0.63
Forward Span  0.35 - 0.65
5.Drop E12 3426.31 471 2 0.04% 2484 -0.26 -
STPI 0.36 - 0.64
Forward Span  0.34 - 0.66
6.Drop A12 and E12 342831 472 2 0.04% 2484 - -
STPI 035 - 0.65

Forward Span  0.33 - 0.66
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Table 17. Correlation matrix of STPI and backwards digit span for males.

Male MZ

STFL Backward STHL Backward
Twin 1 Span Twin 1 Twin 2 Spao Twin 2
5TPI Twin 1 1.00 - - -
Backward Span Twin 1 035 1.00 - -
5TPI Twin 2 0.43 018 100 -
Backward Span Twin 2 -0.14 0.45 0.1 1.0:0
Male IZ STPL Backward STPI Backward
Twrin 1 Span Twin 1 Twin 2 Span Twin 2
5TPI Twin 1 1.0 - -
Backward Span Twin 1 .01 1.00 -
5TPI Twin 2 011 -0.03 1.0 -
Backward Span Twin 2 .08 .23 -0.25 1.00




Table 18. Bivariate Cholesky decomposition of STPI and digit span backward for

males.
-1LL Of Versus Pwvale AIC A o] E A E
1ADE 345034 447 - 1484
STPL 003 034 0.53
Backward Span 030 0.17 0.53
1AE 346088 470 0.47 2482 014 -0.11
STRL 036 - 054
Backward Span 043 - 0.55
3E 34B00E 473 1 Q.01+ 2482 - .
4 Dmop AL 3Mblee 471 | 0.4 1480 - -0.13
STPL 033 - 0.67
Backward Span 043 - 057
5. Drop E12 6152 4m | 042 1484 037
STFL 036 - 054
Backward Span 044 - 054
§.Cirop A2 and E12 346668 4T | 0.04 1484 -
STPL 0335 - 0.65
Backward Span 0435 - 0.55
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Table 19. Correlation matrix of STPI and Thurstone for males.

Male M

STPI Thurstops STH Thurstope
Twin 1 Twin ] Twm 2 Twin X

STPI Twin 1 1.00 - - -
Thurstone Twin 1 037 1.0 - -
STPI Twin 2 050 013 1.0 -
Thurstops Twin X .18 044 007 1.040
Male IZ STPI Thurstens 5TH Thurztens

Twin 1 Twin 1 Twin 2 Twin 2
STPI Twin 1 1.00 - - -
Thurstans Twin 1 4 1.00 -
STPI Twin 2 Q.00 .14 1.00 -
Thurstons Twin X 025 0.30 0,18 1.00




Table 20. Bivariate Cholesky decomposition of STPI and Thurstone for males.

-1LL Df Versus Pvale AIC A D E A iE
1.ACE 343308 457 - - 25315 - -
STPI 005 0.36 0.59
Thurstone 030 0.17 033
1.AE 343389 480 0.81 1513 .48 0.05*
STFI 034 - 0.56
Thurstone 047 - 0.53
JE 345387 483 1 0.o1=+ 2517
4 Drop AL 343835 441 1 0.04 1515 - -0.14
5TFL 032 - 0.58
Thurstone 0435 - 0.35
5.0rop E12 343412 441 1 0.71 1512 043
5TFL 03 - 0.66
Thurstone 047 - 033
§.Crop Al2 and E12 344072 4482 1 0.03* 2514 -
STFL 035 - 0.55
Thurstone 049 - 0.51
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Table 21. Correlation matrix of STPI and Thurstone for females.

Female MZ

5TRL Thursiops 5TEL Thurstone
Twin 1 Twin ] Twm 2 Twin 2
STPI Twin 1 1.00 - - -
Thurstone Twin 1 010 1.00 - -
S5TPI T'win 2 044 -0.05 1.0 -
Thurstone Tavin 2 Q.08 047 027 1.00
Female DE STPL Thurstooe 5THI Thurziome
Twin 1 Twin 1 Twin 2 Twin 2
S5TPI Twin 1 1.040 - - -
Thurstone Twin 1 -0.08 1.00 -
S5TPI T'win 2 .13 -0.07 1.040 -
Thurstone Twin 2 Q.08 0.24 -0.11 1.00
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Table 22. Bivariate Cholesky decomposition of STPI and Thurstone for females.

-JLL Of  Versus Pvalue AIC A ju} E . IE
1ADE 475186 617 - - 3517 - -
STRL 026 036 0561
Thurstone 043 0.17 048

1AE 475182 G20 1 0.0 3511 011 018
STPI 03 - 062
Thurstone 050 - 050
3E 47ROD 623 1 0.01** 3543
4 Crop Al 476233 621 1 0.3 3520 - -023
5THL 037 - 053
Thurstone 040 - 051
5 Drop E12 4753.74 621 ] 018 3521 030
5TEL 03e - 0561
Thurstope .52 - 048
§.Crop Al and E12 476835 62 1 004 3514 -
5TRI 0338 - 042
Thurstone 051 - 040
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Table 23. Correlation matrix of STPI and Block Design for males.

Male MZ STPI Blocks Twin STPFI Blacks Twin
Twin 1 1 Twm 2 2

STPI Twin 1 1.00 - - -

Blocks Twin 1 009 1.00 - -

5TPI Twin 1 0.41 -0u03 1.0 -

Blocks Twin 2 .20 0.75 -0.22 1.0

Male DE STPI Blocks Twin STPI Blocks Twin

Twin 1 | Twin 2 2

5TPI Twin 1 1.00 - -

Blocks Twin 1 020 1.00 -

TPl Twin 2 0.14 -0.17 1.00

Blacks Twin 2 004 (.58 -0.17 1.00
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Table 24. Bivariate Cholesky decomposition of STPI and Block Design for males.

-JLL Of WVersus Pwvalue AIC A s} E rA E
1ADE 339143 450 - - 1474 - -
STPI 002 039 050
Blocks 070 Q.02 021
1AE 339335 442 1 0.g 1469 027 -0.17
STPI 035 - 055
Blocks 0708 - 021
3E 345611 445 1 0.o1=+ 1515
4Drop Al2 339638 443 2 0.08 2470 - -0.20
STPFI 031 - 068
Blocks 0.77 - 023
5Dmop E12 339354 443 2 0.658 2467 030 -
S5TPI 035 - 065
Blocks 078 - 021
§Drop A12 and E12 330807 48 3 0.04 2470 - -
STPFI 035 - 065
Blocks  0.70 - 021




Table 25. Correlation matrix of STPI and Blocks for females.

Male M7 STFI Blocks Terin STFI Blacks Twin
Twin 1 1 Twin 2 2

STPI Twin 1 1.o0 - - -

Blocks Twin 1 0.01 1.00 - -

5TPI Twin 1 048 004 1.0 -

Blocks Twin 2 0.04 0.72 005 1.00

Male DE STRI Blocks Twin STPI Blocks Twin

Twin 1 1 Twin 1 2

S5TPI Twin 1 1.00 - -

Blacks Twin 1 0.0 1.00 -

STPT Twim 2 0.14 0.0 1.00 -

Blocks Twin 2 016 0.30 -0.21 1.00
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Table 26. Bivariate Cholesky decomposition of STPI and Blocks for females.

-JLL Of Versus Pvahe AIC A D E A iE
1ATE 483788 625 - - 3587 - -
STFI 011 0.39 038
Blocks 048 0.002 030
1AE 433889 628 0.80 3582 010 -0.14
STPI 038 - 0.52
Block: 08 - 032
iE 230074 631 001+ 3528
4 Drop Al 4339212 6209 b 0.57 3581 - -0.12
STPI 036 - 054
Blocks 047 - 033
5 Drop E12 434112 6209 1 0.14 3583 013
STPI 040 - 0.50
Blocks 0.71 - 020
§Drop Al2 and E12 434389 630 1 0.03* 3585 -
STPI 038 - 0.52
Blocks  0.70 - 030




Table 27. Correlation matrix of STPI and Card Rotations for males.

Male MZ STPI Rotations STPI Rotations
Twin Twinl Twin Twin2
1 2
STPI 1.00 - - -
Twin 1
Rotations  -0.30 1.00 - -
Twin 1
STPI 0.50 -0.24 1.00 -
Twin 2
Rotations  -0.39 0.69 -0.26 1.00
Twin 2
Male DZ STPI Rotations STPI Rotations
Twin Twinl Twin Twin2
1 2
STPI 1.00 - - -
Twin 1
Rotations -0.12 1.00 - -
Twin 1
STPI 0.11 -0.22 1.00 -
Twin 2
Rotations -0.05 0.38 -0.14 1.00

Twin 2
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Table 28. Bivariate Cholesky decomposition of STPI and Card Rotations for males.

-2LL Df Versus Pvale AIC A D E A iE
1ATCE 333308 446 - - 1441 - -
STPI Q.08 0.32 0.50
Eotations  0.72 0.001 028

2AE 333382 440 1 034 1435 143 014
STPI 033 - 0.65
Eofations 072 - 028
3E 337389 4: 1 001+ 1460
4Drop AlZ 333980 450 2 om* 2439 - 0113
5TRI 032 - 068
BEofafions 071 - 020
5.Drop E12 333460 430 2 0.48 1434 030
5TPI 034 - .66
Eomations 072 - 028

(=]

5.Crop A1Z and E12 334072 481 003 1430 -

STPI

e b

[
[
=

;




Table 29. Phenotypic correlations between STPI and cognitive outcomes with
estimated proportion of phenotypic correlation accounted for by shared additive

genetic and unique environmental factors.

Proporfon of  Propormion of
Toiere 308 00 Doipeo b 1o
shared shared umigue
- I Is EENEICS BV DNt
Male Tal Lzt Span -ﬁl‘ S0y 42 A¥h -t
Mals Forwards Diigit 003 013 027 Mot Mot
Computable  Compuable
Mal= Backwards Digit 016 024 4011 G0.4% 1T e
Male Thurstons 007 049 005 Mot Mot
Computabls  Computable
Female Thurstons 16 011 018 313% a7.7%
Male Blocks 006 027 4017 Bi4n 14.4%
Female Blocks 015 010 014 3400 56.0%
Mal= Fotations 017 045 014 ot Mot
Computable  Compuble

Tpbume = phenotypic comelation between cognitive perfommance meanure and 5TPL 1, =

genetic comelation; 1; = unique epviroomental cormrelation

ot for male forward digst span. male Thurstone, and mals Fotations the propartion

due to shared genstics and shared umique environment is not computable. This is due

1o gemetic and environmental comreladons that are in opposite direcoons. If we

attempted to calowlate the proporiion i the proporten will be ower 1007
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Table 30. Parameter estimates and fit statistics from the univariate dual change score

models.

Anmiery Crosstwalk Symmbaol Tiassat ]
Est sSE Est SE Est SE
Constant T hamge. i 1 - 1 - i1 —
Froporizonal Chamge - - o1 O.op= 012 LI IE ey
Mlean Intercept. 40 7= LR 1y 54 OB O_=0~+ S DS a5
Mlean Shope, —.32 L W —5 55 o.g7e+ -T.345 L SH*=
Intercept Deswiariomn 247 TOTE S DS 4 E5=+ S BiS &S0
Slope Dewviatiom [ - L (= 1 O pms- 1.51 O a5e=
Intercept—=sLop-= -2 T 1 DE+= -5 40 B OeD=+ -2 38 1. EB1+=
Covariance
Error Dexdariomn Iq .59 2 IZEw- 2000 I T F0.AS 1L SE==
oo o e
Genuder on Tnbencsnt 129 [= M yr N =D 0.7 3 25 (Ll By
Sex on Shepe o= oz —0.035 .13 041 o1E*"
CESC oo Intercept o= O S~ -0 L& o_as=- -0y o.o7
CES oo Shopea ~0 1 ool [l (Rl | S L ooz
Edhacatsom omm 0 AT [ et O g3=~ 223 O Sg==
Interncept
Education on Sloge — 1 Lo B o L= Ry —0 20 =
p ey = X PT="g Scaling p
=i Swtor T e i = o
Frall Binsdal 2DPORILI 1.7 LT S8T13 L. =3 LEFIZ213 132
hﬂf:{l pe. o oy == B e 171 L?SILAD L. == 1IETSA1E 1.3
- =t 02N - T 13 A
A==ty Coosswvalik Sy el IJaest Fizaoe 11
=] SE Esc SE Est E=3: =
Constant Chanse. ] - T = ] -
Proportional Chamne - - o.1a 4 B O 3=
Miean Intercep g TS S48 s B ] QT
Mlean Shope. —_ 3 -5 55 -7 34 LS --
Intercept Diesriaciomn a3 a7 B -] [ =T L Tu bt
Slope Deviarson [ - L= 151 OB S
Intercept—sLog-s - -5 o = 3B 1 ER--
Coarsance
Error Dhesiarioo Fz .50 2 mSe- 20020 =R .S LSS5+
CoasEases
CGemuder on Intercept -1 .2 B D oTo -1 =D R
Se=x om SloDe [ - . b —DOS o1 —Oa 1 o1E
CESTY on Intercept [ O TS == B ] O_iOS - —OL T L= W
CESD on Slope —O 1L L= =2 8 OO R e oo
Eduacatiom o — T (=15 - (=35 R b = =3 O Sag=-=
Intercept
Educason o Slope O L L=
frowe——
el Bl =0 Poa LS e
=ro 3EEE =T
Biocik Idesi=x
Pararnecer Es=t SE
Cors tamt A e ] -
PropoctSonal Clamee [ T ] L L="0 L= [ -2 - OO+ =
Niean InTterceDr SIS Ll T 57 .20 oSS - B B O BE--
NMean Siope. —1E T L DEe- —B_Sa B -1S.83 S_Toe=
Invercept Dhewriaciom S SE A SE FoOEL =R 45 S0 SonE-
Slope Tewviason > RS O_SS+ 1.S-2 DT = B ERE=E
Intercept—s Lo 13 30 1T —HA I T = TR -13 =8 S_nE--
Conmarsance
Ermar IDessniariom | Rl - ] T 1m=-- EE I by B oE—-— a5 o 2 -
Sex on Iorencept A0 O~ (= —5 o SR R e 1 OB -
Sex om Shope oS o L= -t oL DSE oo
CESIY an Intercept — S oS- —O B O TS = Oy ==
CESIY am S hopees OO oo (=5 o e o_OS OO -
Edbacation o =22 LS =N - L= = 3 e
InTerncept
Eduacation on Shogpe O3 =
e
== P
e e e e L s P et a2
FEaes Lo+ T3 iaes

- e
TToo=: E=t — parammeter

estEmmane. SE — soamdaad

~ DEdsEE — = w the mesatEve

b il L Feronds. CIESEE = firse Center for Epsdembclomscal Shadses Depression Sooae: Set

B — O are resulrs of subosods] swihers propostionsl chanses is constrasmed oo mero.



Table 31. Parameter estimates and goodness-of-fit statistics from the full bivariate
dual change score model of Anxiety Crosswalk and Symbol Digit score.

Scaling AJLLS
Modsl Mizfir factor Compare  Paramsters

1.5ex unequal 2014837 178 - -
1 Sem equal 2014834 155 Modal 1 1233
3 Full smgle group 38257531 144 - -
45et Amx +Cog=0 3823730 140 Model 3 0131
55et Cog »Amx =0 3827530 143 Model 3 1741
Mo Coupling 38275728 140 Modal 3 B.452

Amsiety Symbel Digit
Parametar Est 5E Est S5E
Constant Change 1 - 1 -
Proportional Change - 0.10 0.02%
Coupling Anx - Cog - - 004 012
Coupling Cog -+ Anx -0.08 0.2 - -
Mean Intercept 51.11 0.82%* 54.08 081+
Mean Slope ER K] TR -5.56 088
Intercept deviation 3855 GaTe 4747 25
Slope deviation 0.83 0248 073 010w
Emror dewiation 3834 235 2011 AT
Covariates
Sen on Intercept -133 0.76 157 083
CESD on Mtercept 0.45 0.07e* 0016 0.05%
Edu on Intercept -0.20 024 a9 E R
Sex oo Slope 0.50 0.13%* -0.05 015
CESD en Slope 002 0.01 -0.01 Q.05
Edu on Slope 027 0.11* 0.8 n.11*

MWates: Est = parameter estimate; CESTD) = initial Center for Epidemdological Studies
Drepression Scale scare; Edu = education level. Sex unequal mede] is multieroup
mixdel where change parameters were estimated separately for males and famales; Sex
equal modal is multizreup medsl where change parameters for males and famales
were constrained to equality; Coup Anx < Cog = coupling Parameter o um.

picry  Coup Cog - Anx = coupling Paramessr Yeyiss, D

** denotes p <001
* denntes p < 005
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Table 32. Parameter estimates and goodness-of-fit from the full bivariate dual change
score model of Anxiety Crosswalk and Figure Identification performance.

- — a

Scaling A-II T
Mlodal Mfisfit facoar Compars Aparameier
1 Sex unequaal 4132037 159 - -
2 Sex equal 413334 1.52 hiodsl 1 053
3 Full simgle srouap 3951731 1.44 - -
4 5et Ams S+Cog =0 39521./30 1.24 Model 3 1.731
5. 5at Cog —+Anx =0 39533.30 1.48 Modsl 3 12.49/1%*
& 1o Coopling 3953629 1.24 hlodsl 3 10.052%+

Amnwiery Figure IT)

Parameter Est SE Est
Constant Chanee 1 - 1 -
Proportsonal Change - - 011 LU S
Coaplns Anx = Cog - - 0.1 al1s
Complmz Cog —& Anx -0.08 [N EE g - -
Mean Intercept 50.63 0.Bg=* 53.35 1.02%*
Mean Slops 3.35 1.18#%+ -14.80 50
Intercept dewirtion 35.38 T.13=* 5957 T 10
Slops deviation 081 0.33* 128 123
Emor dewiation 38.55 T41=* 28.71 1. 4o+
Coovrariates
Sex on Intercept -85 077 3B3 1.03%*
CESD on Intercept 045 LI =008 Q.08
Edu on Intercept =011 =4 125 O 5E**
Sex on Slope 058 015" =050 022
CESD on Slops -0.01 .01 -0.07 Q.05
Edu oo Slope 018 11 =017 017

MNotes: Est = parameter estimade; CESD = initial Ceoter for Epidemdolomical Srodies
Drhapression Scale soore. Edu = educarion level. Sex unegual mweded is moalt srooam
midel where change paramerers were estimated separately for males and fernales; Sex
equal pexdel is multisToup medel where chanee parameters for males and females
weare consrained o equality; Coup Anx —& Cog = coupliny DATAETET ¥ . epncn g =5 -
Coap Cop = Anw = coupling PArameteT Few s mes s

*= denotes p <001

* demites o < 005



139

Table 33. Parameter estimates and goodness-of-fit from the full bivariate dual change
score model of Anxiety Crosswalk and Thurstone performance.

Scaling A-ITTS
Mlodal Ma=fic factor Conapars Aparameter
1 S nnemqaal 4121857 097 -
2 Sew equal 4122234 1.37 Miodel 1 1.443
3 Full smgle srouap 3033531 135 - -
4 St Amm +Cog =0 IDI3SF0 135 Mlodel 3 0381
5. 5%et Cog s =0 3034930 1.34 Model 3 TS5+
Mo Coopling IL34a29 1.35 Model 3 S T

Armsiery Thaswooe

Parameter Est SE Est
Constant Thanee 1 - 1 -
Proportional Thange - - 045 QT
Coaplmes Ams — Cog - - 0as 058
Cooplms CoE — Anx -0.19 O =+ - -
Mean Infercept Si40 0.gg=* 48850 0. TE
Mean Slopes B a2 Igges -25 BS T.OL**
Infercept deviabon 3554 G55 56.21 5 00**
Slope deviation 248 1.33 1121 3 30"
Emor deviation 3853 T35+ 3203 1544+
Covrariates
Sex on Intercept -5 0Bl 3 BS LU
CESD on Intsrcept o4 [ T -0.24 -0 3aw
Edu on Intercept -0.22 (EEC | 352 2.5
Sex oo Shope 1.0 [ -1.45% LU R
CESD on Slope -0U0S o0+ 007 oy
Edu on Slope 0.8 0.1a==+ -1.11 D G

MNobes: Est = parameter estimate; CESD = initial Cemter for Fpidemialogical Stodies
Drepression Scale soore; Edu = edocation lesel. Sex unegoal msded is omalt grooap
mrdel where change parameters were estmated separately for males and females; Sex
epaal pedel is multisToap maedel where change parameters fior males and fernales
were consirained to equality; Coup Anx —& CoF = coupline Darammetar F , e e o mes roemss
Coop CoE — Anx = coupling pParameteT oy e o rms s

= depotes p <001

* denotes @ = 005
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Table 34. Parameter estimates and goodness-of-fit from the bivariate dual change
score model of Anxiety Crosswalk and Digit Span Total performance.

Misfit Scaling A-2LL/
Model factor Compare  Aparamete
r
1.Sex unequal 42455/37 1.35 - -
2.Sex equal 42458/34 1.36 Model 1 2.28/3

3.Full single group 40496/30 1.35 - -
4.Set Anx 2Cog =0 40496/29 1.35 Model 3 0.03/1
5.Set Cog 2 Anx =0 40516/29 1.34 Model 3 12.19/1%%*

6.No Coupling 40514/28 1.35 Model 3 14.30/2**
Anxiety Digit Span Total
Parameter Est. SE Est. SE
Constant Change 1 - 1 -
Proportional - - - -
Change
Coupling Anx = - - -0.01 0.07
Cog
Coupling Cog 2> -0.20 0.05%* - -
Anx
Mean Intercept 51.21 0.85%* 52.16 0.97**
Mean Slope 9.51 2.57%* -0.08 3.47
Intercept deviation 36.73 7.31%* 66.44 7.25%*
Slope deviation 241 1.11* 0.01 0.11
Error deviation 38.41 2.37%* 39.94 1.76%*
Covariates
Sex on Intercept -1.34 0.82 -0.21 1.08
CESD on Intercept 0.46 0.07* -0.11 0.06
Edu on Intercept -0.22 0.43 2.51 0.56**
Sex on Slope 0.43 0.18 0.15 0.13
CESD on Slope -0.03 0.02%* 0.01 0.03
Edu on Slope 0.52 0.16** -0.01 0.07

Notes: Est = parameter estimate; CESD = initial Center for Epidemiological Studies
Depression Scale score; Edu = education level. Sex unequal model is multigroup
model where change parameters were estimated separately for males and females; Sex
equal model is multigroup model where change parameters for males and females
were constrained to equality; Coup Anx = Cog = coupling parameter yANX*DIGIT SPAN
totaL ; Coup Cog = Anx = coupling parameter YpiGiT sPAN TOTAL*ANX

** denotes p <0.01* denotes p < 0.05



Table 35. Parameter estimates and goodness-of-fit from the bivariate dual change
score model of Anxiety Crosswalk and Digit Span Forwards performance.

Misfit Scaling A-2LL/
Model factor Compare  Aparamet
er

1.Sex unequal 42661/35 1.35 - -
2.Sex equal 42662/33 1.34 Model 1 1.05/2
3.Full single group  40886/30 1.31 - -
4.Set Anx 2 Cog 40888/29 1.32 Model 3 1.04/1
=0
5.Set Cog = Anx 40906/29 1.28 Model 3 9.10/1**
=0
6.No Coupling 40906/28 1.30 Model 3 13.52/2%%*

Anxiety Forward Span
Parameter Est. SE Est. SE
Constant Change 1 - 1 -
Proportional - - - -
Change
Coupling Anx = - - -0.08 0.08
Cog
Coupling Cog = -0.26 0.08** - -
Anx
Mean Intercept 51.13 0.92%* 51.38 0.95%*
Mean Slope 12.65 3.67%* -3.30 4.11%*
Intercept deviation  36.50 7.67%* 62.66 6.82%*
Slope deviation 4.16 2.12% 0.07 0.32
Error deviation 38.34 2.38%#* 49.38 1.96%*
Covariates
Sex on Intercept -1.41 0.87 0.53 1.09
CESD on Intercept  0.45 0.07** -0.12 0.06*
Edu on Intercept -0.23 0.45 2.14 0.55%*
Sex on Slope 0.66 0.23 0.12 0.13
CESD on Slope -0.04 0.02 0.04 0.04
Edu on Slope 0.60 0.20 -0.01 0.07

141

Notes: Est = parameter estimate; CESD = initial Center for Epidemiological Studies
Depression Scale score; Edu = education level. Sex unequal model is multigroup
model where change parameters were estimated separately for males and females; Sex
equal model is multigroup model where change parameters for males and females
were constrained to equality; Coup Anx = Cog = coupling parameter yANX*FORWARD

spaN ; Coup Cog = Anx = coupling parameter YrorwaRrD spaN*aNx * ¥ denotes p <0.01

* denotes p < 0.05
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Table 36. Parameter estimates and goodness-of-fit from the bivariate dual change
score model of Anxiety Crosswalk and Digit Span Backwards performance.

Misfit Scaling A-2LL/
Model factor Compare  Aparamet
er
1.Sex unequal 42622/35 1.48 - -
2.Sex equal 42623/33 1.47 Model 1 0.72/2

3.Full single group ~ 40842/30 1.41 - -
4.Set Anx 2> Cog 40842/29 1.41 Model 3 0.08/1

=0
5.Set Cog = Anx 40859/29 1.40 Model 3 10.80/1**
=0
6.No Coupling 40860/28 1.42 Model 3 14.35/2%**
Anxiety Backwards
Span
Parameter Est. SE Est. SE
Constant Change 1 - 1 -
Proportional - - - -
Change
Coupling Anx = - - 0.02 0.08
Cog
Coupling Cog = -0.21 0.06** - -
Anx
Mean Intercept 51.28 0.87** 52.58 0.99%*
Mean Slope 9.83 2.95%* -1.79 3.99
Intercept deviation 38.65 7.69%* 42.84 7.80%*
Slope deviation 1.68 0.86* 0.02 0.25
Error deviation 38.24 2.36%* 52.66 2.80%*
Covariates
Sex on Intercept -1.46 0.84 -1.05 1.05
CESD on Intercept 0.47 0.07** -0.06 0.06
Edu on Intercept -0.18 0.44 2.08 0.54%**
Sex on Slope 0.29 0.17 0.18 0.14
CESD on Slope -0.03 0.02 -0.02 0.04
Edu on Slope 0.43 0.15%* -0.01 0.08

Notes: Est = parameter estimate; CESD = initial Center for Epidemiological Studies
Depression Scale score; Edu = education level. Sex unequal model is multigroup
model where change parameters were estimated separately for males and females; Sex
equal model is multigroup model where change parameters for males and females
were constrained to equality; Coup Anx = Cog = coupling parameter yANx*BACKWARD
span ; Coup Cog = Anx = coupling parameter YBACKWARD SPAN*ANX
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Table 37. Parameter estimates and goodness-of-fit from the bivariate dual change
score model of Anxiety Crosswalk and Block Design performance.

Misfit Scaling A-2LL/
Model factor Compare  Aparamet
er
1.Sex unequal 40496/37 1.42 - -
2.Sex equal 40498/34 1.39 Model 1 1.42/2

3.Full single group  38625/31 1.36 - -
4.Set Anx 2> Cog 38625/30 1.37 Model 3 0.38/1

=0
5.Set Cog = Anx 38643/30 1.37 Model 3 17.04/1**
=0
6.No Coupling 38643/29 1.38 Model 3 16.82/2%*
Anxiety Block Design
Parameter Est. SE Est. SE
Constant Change 1 - 1 -
Proportional - - 0.20 0.027%*
Change
Coupling Anx 2> - - 0.04 0.06
Cog
Coupling Cog 2> -0.12 0.03** - -
Anx
Mean Intercept 50.87 0.82%* 52.53 0.81**
Mean Slope 5.80 1.59%* -12.53 2.80%*
Intercept deviation 37.35 7.07%* 63.21 4.64%*
Slope deviation 1.43 0.54* 2.72 0.63%*
Error deviation 38.47 2.35%* 17.75 L11%*
Covariates
Sex on Intercept -1.22 0.79 0.04 0.88
CESD on Intercept 0.44 0.06** -0.25 0.05%*
Edu on Intercept -0.18 0.42 3.22 0.41%*
Sex on Slope 0.37 0.15% 0.04 0.20
CESD on Slope -0.03 0.02* 0.04 0.03
Edu on Slope 0.41 0.14%* -0.63 0.12%*

Notes: Est = parameter estimate; CESD = initial Center for Epidemiological Studies
Depression Scale score; Edu = education level. Sex unequal model is multigroup
model where change parameters were estimated separately for males and females; Sex
equal model is multigroup model where change parameters for males and females
were constrained to equality; Coup Anx = Cog = coupling parameter
YanxieTy*BLocks; Coup Cog > Anx = coupling parameter YBLoCKS*ANXIETY

** denotes p <0.01 * denotes p < 0.05
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Table 38. Parameter estimates and goodness-of-fit from the bivariate dual change
score model of Anxiety Crosswalk and Card Rotations performance.

Misfit Scaling A-2LL/

Model factor ~ Compare Aparamet
er
1.Sex unequal 39742/37 1.50 - -
2.Sex equal 39742/34 1.42 Model 1 0.16/2
3.Full single 38055/31 1.40 - -
group
4.Set Anx >Cog  38055/30 1.36 Model 3 0.07/1
=0
5.Set Cog 2Anx  38072/30 1.40 Model 3 15.68/1*
=0 *
6.No Coupling 38072/29 1.35 Model 3 8.69/2**
Anxiety Rotations

Parameter Est SE Est SE
Constant Change 1 - 1 -
Proportional - - 0.14 0.03#*
Change
Coupling Anx = - - -0.04 0.16
Cog
Coupling Cog = -0.11 0.03%* - -
Anx
Mean Intercept 51.13 0.88#* 57.38 1.18**
Mean Slope 5.35 1.56%* -6.74 7.05
Intercept deviation ~ 39.05 8.13** 69.13 6.89%*
Slope deviation 1.43 0.57* 1.67 1.05
Error deviation 38.21 2.37%* 33.24 1.49%**
Covariates
Sex on Intercept -1.42 0.82 -6.08 1.20%**
CESD on 0.46 0.07** -0.11 0.06
Intercept
Edu on Intercept -0.28 0.45 1.92 0.54%+*
Sex on Slope -0.18 0.22 1.04 0.35%*
CESD on Slope -0.02 0.01 0.03 0.07

Edu on Slope 0.25 0.11* -0.25 0.15
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Table 39. Parameter estimates and goodness-of-fit from the bivariate dual change
score model of Anxiety Crosswalk and Figure Logic performance.

Misfit Scaling A-2LL/
Model factor ~ Compar Aparame
S ter
1.Sex unequal 42293/3 1.55 - -
7
2.Sex equal 42298/3 1.38 Model 1~ 1.06/3
4
3.Full single 40301/3 1.36 - -
group 1
4.Set Anx >Cog  40302/3 1.35 Model 3 0.17/1
=0 0
5.Set Cog >Anx 40315/3 1.35 Model 3 8.18/1**
=0 0
6.No Coupling 40315/2 1.35 Model 3 9.84/2**
9
Anxiety Figure Logic
Parameter Est SE Est SE
Constant Change 1 - 1 -
Proportional - - 0.28 0.08**
Change
Coupling Anx 2> - - -0.05 0.13
Cog
Coupling Cog = -0.14 0.05** - -
Anx
Mean Intercept 50.79 0.90** 53.28 0.91**
Mean Slope 6.98 2.45%* -13.10 5.42%*
Intercept 40.17 7.80%* 45.95 5.14%*
deviation
Slope deviation 1.36 0.67* 4.20 2.58
Error deviation 38.54 2.38%* 47.92 2.12%%*
Covariates
Sex on Intercept -1.34 0.88 -2.54 0.88%*
CESD on 0.45 0.07%* -0.17 0.05%*
Intercept
Edu on Intercept -0.21 0.42 3.33 0.44%*
Sex on Slope 0.07 0.19 0.76 0.32%*
CESD on Slope -0.03 0.02* 0.07 0.06

Edu on Slope 0.50 0.20* -0.97 0.36**
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Table 40. Parameter estimates and goodness-of-fit from the bivariate biometric dual
change score model of Anxiety Crosswalk and Symbol Digit performance.

Modal -JLL Df Compars A-MLLAS
1. Full ATE 3E6ID Tt - -
2. Drop coupling Amiety & Symbol Digit 32686 5725 Model 1 T
3. Drop coupling Symbol Digit = Anxisty 32690 5725 Modal 1 101+
4. Drop all D on anxisty 38670 5727 Modal 1 13
5. Dirop all D on symbol digit 32680 5727 Model 1 b |
§. Drop D) on bath 32681 5730 Modal 1 ELE]
7 Drop Anxiety a, =+ Amcety Skope 38681 5731 Modal & 11
§.Drop Symbal Digit a, -= Slops 38683 3731 Modal 6 1
2 Drop amdety a, = Slops 38681 5731 Modal 6 11
10. Crop Symbol Digst a, =+ Slope 38715 5731 Modal & EET R
Symbaol
Parameters Anxiety Digit
Fined effects
Msan infercept 4800 56.78
Mean slope 004 -6.11
Constant change 1 1
Proportional change - 010
Coupling, Anxiety —+5ymbol Digit - -0.01
Coupling, Symbel Digit <+ Amgiety  -0.02 -
Random effects
Intercept
A 174 7.06
D 162 20
E 357 231
Slope
A =0 <001
D <-0.01 <-0401
E 042 020
Slope on level
A 01l -0.87
D 154 <01
E 141 -0.14
Emor 6.23 440

Wates: -2LL =1 * the negative log likelihood of the model, 4f = degrees of fTeedom
from the model; Compare mdicated the comparizon medel; Est = parameter estmates:
a,= addrirve pensfic variance of slope; a,= addittve genefic vaniance of intercept

** denotes p <2 0.01  * denates p < .03
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Table 41. Parameter estimates and goodness-of-fit from the bivariate biometric dual
change score model of Anxiety Crosswalk and Figure Identification performance.

Mlodsl -1LL D Compare A-JL L/ AGE
T. Foll ATVE FET50.0 5501 - -
2. Drop coupling Arxiety — Figore ID 381335 5562 Mloded 1 351
3. Drop coupling Figare ID =+ Armciety 31428 5562 Mlodel 1 12.B/1**
4. Dirop all O on Anxiety 38131 5554 Mlodel 1 13
5. Drop all D on Figure ID 38132 5554 Mlodel 1 3
§. Dirop D om bath 38133 5567 Mloded 1 3’6
7.Drop Anxiety a, on Slops 38135 5558 Midel & a1
B Drop Fipure ID) a, oo Slope 38130 5558 Model § G
9 Drop Anxiety a, on Slope 38134 5568 Model § 11
1. Drop Figure I a. on Slope 38142 5568 Mlodel & 191+
Fipare
Paramsters Anxiety  Identification
Fixed effects
Mean intercept 48.21 5583
Mean slope 0.54 -7.80
Constant change 1 1
Proportiomal change - 0.14
Coupling. Anxiety —*Figure ID - -0.01
Coupling. Figare ID =+ Anxisty -0.02 -
Fandom effects
Inrercept
A 4.0 T.21
D 158 217
E 562 jem
Slope
A <1001 001
D <3001 -0.20
E -0.43 -0.17
Slop= oo level
A (IR IR -1.15
D -0.58 -0.11
E -0.38 -0L.57
Ermmor 5.58 549

Maotes: -1LL = I * the negarive bog lkelihood of the modsl. df = daprees of freedom
E|.1:u:|:|.ﬂ:ne m.ul:l.&'l Compare indicated the comparizon moedel; a, = additive genatic
variance of slope; &, = aﬂ.dmvegmeucmnmceuflmercept

** denotes p < 0.01  * denotes p < .03
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Table 42. Parameter estimates and goodness-of-fit from the bivariate biometric dual
change score model of Anxiety Crosswalk and Thurstone picture memory.

- E a

Madal -1LL Df Compars A-JLLAGE
1. Foll ALE ELER 3l - -
1. Drop coupling Amsisty —* Tharstons LT 5721 Modal 1 0.31
3. Dirop coupling Thurstone —+ Anxiety 309715 5721 Modal 1 LT
4. Drop all I on Anxiety joasd 5724 Modal 1 0.11
5. Drop all T on Thirstone 309855 5724 Modal 1 0.7
4. Drop D on both 300855 5727 Modal 1 0.73
1.Crop Anxisty a, on Slops 309855 5728 Modal & 0.11
8 Crop Thurstons a, on Slape 300657 5728 Modsl & 021
9 Crrop Anxisfy a. on Slope 30650 5728 Modal & 0.51
10. Cirop Thurstone 2, on Slope 401455 5728 Modal & 180/1#+*
Farameters Arrsty Thurstone
Fizad affects
Mean intercept 4058 5210
Mean slops 0.74 -14 18
Censtant change 1 1
FProportional change - 044
Coupling, Anxiery — Thurstons - =0.001
Coupling, Thurstons —* 002 -
Arczisty
Fandom effacts
Intercept
A 430 4§86
D 1.33 216
E 4.13 138
Slopa
A =-0.01 =0.01
D =-0.01 =0.01
E 0.30 004
Slope on level
A 012 -3.18
D 027 -1.97
E 052 -1.08
Emar §.04 5.68

Motes: -111. =1 * the negative log bkelihood of the mods], df = daprees of fresdom
from the model; Compare indicated the comparizon model; a, = additive genstic
wariancs of slope; &, = addirtive zenetic vanance of intercept

** denotes p < 001 * denotes p < 0.03



Table 43. Parameter estimates and goodness-of-fit estimates from the bivariate
biometric dual change score models of Anxiety Crosswalk and Total Digit Span.

Model -2LL Df [ A-ILLIAGE
I. Foll ATE JOE5E.T 5E=1 - -
2. Drop coupling Anxiety —* Total Dspan 40858.8 5842 Miodsl 1 0.1
3. Drop coupling Total Dspan -+ Ancsiety 408709 5842 Mvigdel 1 LI Y+
4. Drop all T oo Anxiety 408507 5845 Miodsl 1 013
5. Drop all I¥ on Total Dspan 408508 5845 Miodsl 1 1.173
§. Drop I on both 405D 5848 Miodel 1 2.5
7.Drop Anxiery a, on Slops 408521 5349 Miodsl & 1.271
B Drop Tetal Dspan a, on Slope 40851.1 5840 Modsl & 0.1
9. Drop Anxiety a. on Slope A0R50.9 5849 Miodsl & 0.1
1. Dwop Toal Dspan a, on Slops 408545 5549 Miodsl & 3471
Chzit Span
Parameters Anxiery Taoml
Fixmed effecs
Mean infercept 4862 53.02
Mean slope 1.4 -4 48
Constant changs 1 1
Proportiomal change 0.7
Coupling, amxiety —*Total Dspan - 0. 02
Coupling, Total Dispan —3 amwiety -0.m2 -
Bandom effects
Intercept
A 3.B3 653
D 2.8 3462
E 550 419
Slop=
A =000 < -0uD1
D =-0.01 <= 001
E 0= L -
Slop= oo kevel
A 0 -0.52
D -0.55 -0.21
E -0.38 -0.440
Emor 5.23 .28

Notes: -2LL = I * the pegative log hkelihood of the owodel, df = deprees of Tesdom
from the model; Compare indicated the comparizon maedel; a, = additive genetic

variance of slope; a, = additive genetic vanance of intercept

** denotes p <2 0.01  * denotes p < 0.03
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Table 44. Parameter and goodness-of-fit estimates from the bivariate biometric dual

change score model of Anxiety Crosswalk and Digit Span Forward performance.

-1LL -

Modal Df Conpare A-JLLAAGE
1. Full ADE 415024 5840 - -
2. Dirop coupling Amxiety < Forward Span 415028 5850 Modsl 1 0.41
3. Dirop coupling Forward Span = Anxisry 415049 5850 Model 1 151
4. Dirop all D on Anxiety 41502.8 5852 Model 1 043
5. Dirop all I on Forward Span 41503.0 5852 Modsl 1 0.43
. Dirop I o bl 41503.1 5855 Model 1 0.7
7.Crop Anxisty a, on Slops 41503.2 SE56 Model & 0.11
8. Dirop Forward Span a, on Slope 41503.1 5E56 Modsl & 0.11
2 Drop Anxiety a. on Slope 41503.1 5856 Model & 011
10. Crop Forward Spamn a, on Slope 41504.6 5B56 Model & 1.31
) Digit Span
Parameters Anxiety Farmards
Fimed effects
Mean intercept 42,42 5108
Mean slope 0351 -3.08
Constant change 1 1
Proportional change - 0.05
Coupling, Anxiety —Forward Span 0.005
Coupling, Forward Span 4001 -
Arcdiaty
Fandom effects
Intercept
A 433 125
D 110 =0.01
E 5.81 437
Slope
A <3001 =0.01
D <001 =0.01
E 041 =0.01
Slop= oo kevel
A 004 0.5
D -0.42 <001
E -0.43 37
Ermor 642 584

Notes: -JIL =1 * the nepative log Hkelihood of the mods], 6f = depress of Tresdom

from the model; Compare indicated the comparizon model; a, = additive genetic
variance of slope; &= additive zenetic vanance of intercept

** denotes p << 0.01  * denotes p < 0.05
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Table 45. Parameter and goodness-of-fit estimations from the bivariate dual change

score model of Anxiety crosswalk and Digit Span Backwards performance.

S

S

e . e e e

Model -1 Df Compars A-MLL/AGE
1. Full ADE 414540 5841 - -
2. Drop coupling Anxiety - Backward Span. 414450 5842 Modal 1 11
3. Drop coupling Backward Span — Anxiety 41471 5842 Midel 1 151
4 Dropall D on Ariety 414453 5844 Modal 1 0413
3. Drop all D on Backward Span 414456 5844 Modal 1 0.73
&, Crop D en bodh 414460 5847 Model 1 1.1/6
7 Drop Amxiery a, on Slope 414460 5848 Modal 6 0.11
& Drop Backward Span a, on Slope 41456.0 5848 Modal 6 0.11
9 Drop Amxiety a, oo Slope 41456.1 5848 Modal 6 0.1
10. Drop Backward Span a., on Skope 414473 5848 Modal £ 0.1
Anxiety  Dizit Span
Pammeters Backwards
Frnad effects
Mean intarcept 4024 53.17
Mean slop= 133 -39
Constant chanze 1 1
Proportional change - 0.06
Coupling, Arcgiety —*Backward Span - =0.01
Coupling. Backward Span 3 Amisty -0.03 -
Fandom effects
Intercept
A 446 536
D 178 -1.37
E 604 129
Slope
A =001 <01
D =0.01 <001
E -0.45 =001
Slope on level
A 006 -0.57
D -0.32 -0.12
E -0.35 -0.09
Emor 637 133

Wates: -2LL =1 * the nepative log likelihood of the model, df = degrees of feedom

from the model; Compare indicated the comparizon model; a, = additive genetic
variance of slope; a,= additive zenetic vanance of infercept

** denotes p <2 0.01  * denotes p < 0.03
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Table 46. Parameter and goodness-of-fit estimates from the bivariate biometric dual
change score model of Anxiety Crosswalk and Block Design performance.

Modsl -11L Df Compars A-JLLAAGE
1. Full ADE 30403.0 3794 - -
2. Dirop coupling Amsety = Blocks 32031 5785 Model 1 011
3. Dirop coupling Blocks —+ Anxisty 34152 57835 Modsl 1 13.27]%*
4. Dirop all D oo Anxiety 304035 37 Model 1 0.3
5. Dirop all I on Blocks 382030 5Ta7 Model 1 013
§. Dirop I on both 304035 5800 Modsl 1 0.o8
7.0rop Anxiety a, on Slops 304037 5801 Model & 0111
B.Cirop Blocks a, on Slops 3Ba0ag 5801 Modsl & 0.1
9 Drop Anxiety a. on Slope 34035 5801 Modsl & 0141
10}. Drop Blocks a. on Slope 304523 5801 Model & 2571+
Parameters Aristy Block
Desim
Fined effects
Mean imtercept 4047 54.67
Mean slope 0.85 -10.40
Coostant changp 1 1
Proportional change - 018
Coupling, Anxiery +Blocks - -=0.001
Coupling, Blocks < Amxisty -0.02 -
BRandom effects
Intercept
A 449 B4
D 1.534 =0.01
E 5.95 224
Slop=
A =001 013
D =-0.01 =001
E 047 =0.01
Slope on level
A 0.05 -1.50
D 040 =401
E 047 -0.35
Emor 5.98 428

Wates: -JLL =1 * the negative log likelihood of the mods], &f = dzgrees of feadom

from the model; Compare indicated the comparizon model; a, = additive genetic
variance of slope; &, = additive zenefic vanance of intercept
** denotes p << 0.01  * denates p = 0.03
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Table 47. Parameter and goodness-of-fit estimates from the bivariate dual change
score model of Anxiety Crosswalk and Card Rotations performance.

Modsl -JLL Df Compars A-MLLASE
T Tul ACE 5L EEEM] - -
2. Drop coupling Amxiety -+ Fotations 3BBG0.7 5343 Midal 1 0.7
3. Drop coupling Fotations < Anxiety 3EB642 5343 Maodal 1 411+
4, Drop all I on Anxiery 3BRG0.5 53 Model 1 033
5. Drop all D on Foofations EnET] 533 Midel 1 043
§. Drop D) on bath 388507 538 Model 1 0.7
7.Crop Anxisty a, on Slops 388608 540 Modsl § 0.81
B Cirop Bo@tions a, on Slope 388615 5348 Model 6 0.1
9 Drrop Anxisty a. on Slope 3EB&0.7 5340 Modsl £ 011
1. Drop Fetations a, on Slope 388822 540 Model 6 AL 41
Full Model Parameters Armdsty Fotations
Fized effects
Mean intercept 4872 5487
Mean slope 072 216
Constant change 1 1
Proportional change 013
Coupling, Anxiety —Rotations - 0008
Couplinz, Rotations < Amxisty -0.01 -
Fandom effects
Intercept
A im B.00
D 174 2356
E 344 354
Slops
A =-0.01 =0.01
D =-0.01 <001
E 041 <0.01
Slope oo level
A 0.19 -131
D -0.56 -4
E 038 0.5
Ermor 6.13 575

Wates: -2LL =1 * the pegative log likelihood of the model. 4f = depress of fTeedom

from the model; Compare mdicated the companizon model; a, = additive genstic
wariance of slope; &, = additive genetic vanance of intercept
** denotes p <2 0.01  * denotes p < 0.03
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Table 48. Parameter and goodness-of-fit estimates from the bivariate dual change
score model of Anxiety Crosswalk and Figure Logic performance.

Modsl -1LL Conpars A-JLLASE
I Fall ADE BRI - -
2. Direp coupling Ansiety —* Fig Log 209307 Model 1 0.31
3. Dirop coupling Fig Log - Anxiety 409347 Modal 1 431*
4. Dirop all I on Anxiety 4093511 Modsl 1 073
5. Dirop all I on Fig Log 209305 Model 1 0.3
. Do It om bl 209513 Model 1 0.7a
7.Drop Anxisty a, on Slops 209515 Model & 0.31
8.Drop Fig Log a, on Slope 409513 Modsl & 011
9.Drop Anxisty a. on Slope 20951.3 Model & 011
10. Drop Fig Log a. oo Skope 21008.5 Modsl & ST
Full Model Farameters Arraety
Fined effects
Mean infercept 424 53.86
Mean slope 0.70 1744
Constant change 1 1
Proportional change - 0.32
Couplinz, Anxiety 3Fig Loz 0,002
Couplinz, Fig Log < Amxisty 002
Fandom effects 6.33 §a9
Intercept
A 433 133
D 126 306
E 5.90 1.78
Slope
A =001 <001
D =001 <001
E 0.47 013
Slops oo level
A 0.08 -145
D 047 -0.64
E 051 -0.53
Emor 5.30 582

Wates: -JLL =1 * the negative log likelihood of the modsl. &f = dzgrees of feadom
from the model; Compare indicated the comparizon model; a, = additive gensetic
wariance of slope; &= additive genetic vanance of intercept

** denotes p < 0.01  * denates p = 0.03
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All twins reared apart & matched sample twins reared together
958 pairs = 3,838 individuals

Year of Q ! Year of IPT
(o} Single ; ;
1984 N=2.019 responders Pair Responders (758 pairs)
{n=502) Under 50 | Over 50 (548 pairs) |—» IPT1 1566
645 indiv. ‘[
+ (303 pairs) 1988
2 Single ; ;
1987 N:?E?,? responders Pair Responders (548 pairs)
' (n=443) | Under50 | Over 50 (420 pairs) |—»| IPT2 1989
l £85indiv. '[
(269 pairs) 1991
Single Pair Responders (494 pa
1990 N—?igﬁ responders air Responders ( pairs) o 00
o n=508) Under 50 | Over 50 (403 pairs) —*
R69 indiv.
l (246 pairs) 1994
1453 04 Single Pair R ders (479 pa
N=1.450 responders air Responders | pairs) Jors 1995
ancil (n=492) | Under50 | Over 50 (325 pairs) g {
earch telephone 1097
IPT5 1999
545iﬂdi.\'. { 2001
(231 pairs}
2004 Qs IPT6 2002
N=793
447 indiv. { 2004
(160 pairs)
Q6 IPT7 2005
2007 N=646 379 indiv. {
(133 pairs) 2007
1

Figure 1. SATSA assessment schedule with number of participants and twin pairs
assessed at each time point.
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Figure 2. Conceptual depiction of the decomposition of variance between twins.
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Figure 3. Diagram of the full AE simplex model. Please note that the shared
environment (C) or genetic dominance factors (D) were not included in this picture for
clarity.
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Figure 4. Diagram of the full phenotypic dual change score model examining dynamic
change between anxiety and cognitive performance over time.
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Figure 5. Diagram of the full ADE bivariate Cholesky decomposition examining

shared genetic and environmental influences between anxiety and cognitive
functioning.
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Figure 6. Diagram of the full ADE biometric dual change score model. In order to
make the diagram easier to understand only the first two time points were included.
The model continues until age 86.
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Figure 7. Scatterplot with 95% confidence interval of the estimated performance
estimates for the STPI (Y-Axis) and the ENI (X-Axis) from the full Rasch analysis.
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MEASURE
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# T|T
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Figure 8. Item map from the Rasch analysis of all valid ENI and STPI items.
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Figure 9. Item map from the Rasch analysis of the STPI and the ENI with items
worry, happy or sad for no reason, and sensitive removed.
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Figure 10. Diagram of the best STPI simplex model with unstandardized variance
components and path coefficients.
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Figure 11. Graph of the estimated proportion of variance in STPI accounted for by
additive genetic (A) and unique environmental (E) factors from the simplex model.
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Figure 13. Graph of the estimated proportion of variance in the anxiety crosswalk
measure accounted for by additive genetic (A) and unique environmental (E) factors
from the simplex model.
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Figure 14. Graph of the estimated anxiety crosswalk trajectory over age from the
univariate DCMS.
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Figure 15. Graph of the estimated Symbol Digit trajectory over age from the
univariate DCMS.
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Figure 16. Graph of the estimated Figure Identification trajectory over age from the
univariate DCMS.
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Figure 17. Graph of the estimated Thurstone trajectory over age from the univariate
DCMS.
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Figure 18. Graph of the estimated total Digit Span trajectory over age from the
univariate DCMS.
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Figure 19. Graph of the estimated forward Digit Span trajectory over age from the
univariate DCMS.
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Figure 20. Graph of the estimated backward Digit Span trajectory over age from the
univariate DCMS.
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Figure 21. Graph of the estimated Block Design trajectory over age from the
univariate DCMS.
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Figure 22. Graph of the estimated Card Rotations trajectory over time from the
univariate DCMS.
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Figure 23. Graph of the estimated Figure Logic trajectory over time from the
univariate DCMS.
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Figure 24. Vector field plot depicting the dynamic association between changes in
anxiety and changes in Symbol Digit performance from the full bivariate DCMS

model.
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Figure 25. Vector field plot depicting dynamic association between changes in
anxiety and changes in Figure Identification performance from the full bivariate

DCMS model.
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Figure 26. Vector field plot depicting the dynamic association between changes in

180

anxiety and changes in Thurstone performance from the full bivariate DCMS model.
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Figure 27. Vector field plot depicting the dynamic association between changes in
model.
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Figure 28. Vector field plot depicting the dynamic association between changes in
anxiety and changes in Digit Span forward performance from the full bivariate DCMS
model.
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DCMS model.



184

e e s e w s - . e e
L T = +‘-::::::::::::t‘-‘x‘z
T . T - +-=1-H“-“-HH“‘-“\"‘\:‘-‘:§“‘3
L N T T T T T T e Ty g ey T T T
o e B B, e, R L m w w fon o ..-q-ﬂ-'h."-"-.."-\"'-"‘-\.“-\.“‘-.t:“‘u:
T e S S S LS R T T e e S O N S
B T T e mw >
- T T e T T e
T L T T T N
e L L T ‘\“-“1"\"‘-“‘-"‘:‘*‘\:“:‘
? bt o B B B B m w w o omom ‘\‘\-“\"'-"'-“1-"‘-::"‘:&}‘:‘
,g T S B S R e w w R E T R w5
b e R T R e e m m L T T
B o e e S e m m m e R T T
i' 6..I‘?“““‘-N‘\"‘“-““‘\"\H‘ ~wow o R o
4 B o T R T T
R oo w ey y
= b o o, o B e e e m R m m w e . . . . o
T e ——
T_":“‘:“H““““-““““‘“““““‘ e L L N
A :::::::::t&t\\\:
B o o o, T T B W W e m B & 4 ., e w L T T T e i i T T
0 w w4 N & MW 8 M 1

Blocks (T-Score)

Figure 30. Vector field plot depicting the dynamic association between changes in
anxiety and changes in Block Design performance from the full bivariate DCMS
model.
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Figure 31. Vector field plot depicting the dynamic association between changes in
anxiety and changes in Card Rotations performance from the full bivariate DCMS

model.
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Figure 32. Vector field plot depicting the dynamic association between changes in
anxiety and Figure Logic performance from the full bivariate DCMS model.
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Figure 33. Estimated age-based genetic and unique environmental variance of anxiety
(left) and Symbol Digit (right) variables, with and without full coupling.
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(left) and Thurstone (right) variables with and without full coupling.
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Figure 36. Estimated age-based genetic and unique environmental variance of anxiety
(left) and Digit Span total (right) variables, with and without full coupling.
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Figure 37. Estimated age-based genetic and unique environmental variance of anxiety
(left) and Digit Span Backwards (right) variables, with and without full coupling.
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Figure 38. Estimated age-based genetic and unique environmental variance of anxiety
(left) and Block Design (right) variables, with and without full coupling.
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Figure 39. Estimated age-based genetic and unique environmental variance of anxiety
(left) and Card Rotations (right) variables, with and without full coupling.
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Figure 40. Estimated age-based genetic and unique environmental variance of anxiety
(left) and Figure Logic (right) variables, with and without full coupling.





