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Abstract

Introduction: Non-motor symptoms, including depression, anxiety, apathy and cognitive
dysfunction, are common in Parkinson’s disease (PD). Although a link between mood symptoms
and cognitive impairment in PD has been theorized vis-a-vis striatal dopamine depletion, studies
have been inconsistent regarding the relationship between mood symptoms and cognitive function.
Inconsistencies may reflect the cross-sectional nature of previous studies. The current study
examined the bidirectional longitudinal relationship between mood and cognition.

Method: Data were obtained from 310 individuals newly diagnosed with PD, who were followed
up to four years (baseline, 15, 214, 31d and 4t annual follow-up). Apathy, anxiety, depressive
symptoms, motor severity, and neurocognitive functioning were assessed at each annual
assessment. The longitudinal relationship between apathy, anxiety, depressive symptoms, and
cognition was analyzed with multi-level models.

Results: Over the four-year period, more severe depressive symptoms were related to worse
performance on tasks of processing speed, verbal learning and verbal delayed recall. Additionally,
there was a significant depression X time interaction, suggesting that individuals with more severe
depressive symptoms experience more rapid declines in global cognitive functioning and verbal
learning. Apathy and anxiety were not significantly related to performance in any cognitive test.
Lagged models revealed that changes in depression precede declines in working memory, verbal
learning, delayed verbal recall and global cognition.

Conclusion: Findings suggest depressive symptoms may be a harbinger for future cognitive
decline among individuals with PD.

Corresponding Author: Jacob Jones; 5500 University Parkway, San Bernardino, CA 92407, United States; jacob.iones@csusb.edu.
asarah M. Szymkowicz is now in the Department of Neurological Sciences, College of Medicine, University of Nebraska Medical

Center, Omaha, NE, USA.
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INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by motor
dysfunction, as well as various neuropsychiatric symptoms (Alexander, DeLong & Strick,
1986; Kulisevsky et al., 2008). Anxiety, apathy and depression in PD may be partly
attributable to disruption of dopaminergic neurons in the substantia nigra that leads to
downstream disruption of frontal-striatal circuits important for various functions, such as
emotional and cognitive functioning.

Traditionally, neurocognitive deficits in PD have been conceptualized as primarily
representing a “frontal pattern” of impairment, and includes problems with working
memory, executive function and slowed processing speed (Levin & Katzen, 1995; Zgaljardic
et al., 1986). However, other studies have challenged this view and have emphasized the role
of a “posterior pattern” of cognitive decline (e.g., impairments in construction or semantic
fluency) in predicting future cognitive impairment and PD dementia (PDD; Williams-Gray
etal., 2009). Regardless of the pattern, cognitive impairments in PD are common, as up to
80% of individuals will develop PDD within 15-20 years following initial symptom
presentation (Hely et al., 2008).

Neuropsychiatric symptoms, such as anxiety, apathy and depression are also common in PD.
These symptoms commonly overlap in their symptom presentation, but can be dissociable
and may represent separate underlying mechanisms (Kirsch-Darrow et al., 2006; Kirsch-
Darrow et al., 2011; Leentjens et al., 2011). Anxiety may be the most common mood
symptom in PD. The prevalence rate of anxiety disorders and PD is between 20%—60%
(Dissanayak et al., 2010; Pontone et al., 2009; Alzahrani & Venneri, 2015). Generalized
anxiety disorder, panic disorder, and social anxiety are the most reported anxiety disorders
(Dissanayak et al., 2010). Apathy is defined as impaired motivation and goal-oriented
behavior and is more common among individuals with PD than in the general population
(Starkstein et al., 1992). Depression is characterized by sad mood, loss of interest, difficulty
concentrating, and alterations in sleep and appetite, and often overlaps with other symptoms
of PD (American Psychiatric Association, 2013).

Regarding etiology, all symptoms have been linked to disruptions of circuits important for
cognitive functioning. The relationship between anxiety and cognitive functioning is
hypothesized to be mediated by: 1) dysregulation of frontal-striatal networks, and/or 2)
disruption the hypothalamic-pituitary-adrenal (HPA) axis leading to elevated cortisol and
hippocampal disruption (Pirogovsky et al., 2017). Apathy may be related to striatal
dopamine depletion disrupting frontal-subcortical circuits, including prefrontal regions
involved in motivation and initiation (Alexander, DeLong & Strick, 1986; Pagonabarraga et
al., 2015; Starkstein et al., 1992). Neuroimaging studies have shown that depression is
linked to changes within the limbic system, particularly regions important for memory and
cognitive functioning such as the hippocampus and amygdala (Thobois et al., 2017).
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Additionally, depression in PD may be linked with disruptions of neurotransmitter systems,
such as serotonin, norepinephrine, and acetylcholine (Maillet et al., 2016).

Two studies have investigated the relationship between anxiety, apathy, depression and
cognitive functioning (Jones et al., 2016; Pirogovsky et al., 2017). Both studies provided
preliminary evidence that anxiety and depression, but not apathy may be related to cognitive
functioning. However, the findings in the literature are much more variable when studies
only examine one or two of these constructs. For example, a number of cross sectional
studies have examined the relationship between anxiety and cognitive functioning. Some
studies exclusively measured anxiety, but not depression or apathy, and found that greater
anxiety was associated with poorer set-shifting (Reynolds et al., 2017) or memory
(Dissanayaka et al., 2017). Other cross-sectional studies have examined the independent
effects of anxiety and apathy/depression and have found an independent relationship
between anxiety and cognition (Ehgoetz Martens et al., 2016; Ehgoetz Martens et al., 2018;
Ryder et al., 2002; Wan Mohamed, Din & Ibrahim, 2015). In general, these studies found
that higher anxiety was related to worse performance across various cognitive domains,
including general cognitive screeners and measures of attention/working memory, executive
functioning, visuospatial abilities, learning and memory. There have been fewer longitudinal
studies of anxiety and cognition, but findings have suggested baseline anxiety to be
associated with worsening cognitive functions (Hu et al., 2014;) and others have found
evidence for the inverse directionality-worse cognition at baseline predicts future anxiety
(Petkus et al., 2019; Rutten et al., 2017).

Regarding apathy and depression, at least five past studies have examined the relationship/
intersectionality between apathy, depression and cognition in PD (Butterfield et al., 2010;
Jones et al., 2016; Pirogovsky et al., 2017; Szymkowicz et al., 2017; Varanese et al., 2011).
However, findings have generally been inconsistent to whether cognition has a stronger
relationship with apathy or depression. Two cross-sectional studies have found that apathy,
but not depression, related to worse performance on tasks of immediate verbal memory
recall and executive functioning (Butterfield et al., 2010; Varanese et al., 2011).
Alternatively, three other studies have shown cognitive impairment to be related to
depression, but not apathy (Jones et al., 2016; Pirogovsky et al., 2017; Szymkowicz et al.,
2017).

Among studies examining the relationship between mood symptoms and cognitive
functioning, discrepant findings may be related to the fact that existing studies are primarily
cross-sectional in nature and do not account for the high comorbidity among anxiety,
depression and apathy. Therefore, it is impossible to ascertain the longterm bidirectional and
independent effects of the mood symptoms on cognitive functioning in PD. The present
study addressed this gap in the literature by examining the longitudinal relationships
between anxiety, apathy, depression and cognition in a large sample of individuals newly
diagnosed with PD over a four-year period. Additionally, we inspected the bidirectional
cross-lagged relationship in order to determine if changes in apathy, anxiety and/or
depressive symptoms precede changes in cognition, or vice-versa.
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Study Design

Data were obtained from the Parkinson’s Progression Markers Initiative (PPMI) database
(www.ppmi-info.org/data).-The PPMI is a longitudinal multi-site study of newly diagnosed
(two years or less), untreated PD patients. Further details of the study have been published
(Marek et al., 2011). The study was approved by the institutional review board at each site
and participants provided written informed consent.

The current sample included 310 individuals newly diagnosed with PD, who underwent
cognitive testing and were followed for up to four years (baseline, 15, 214, 3" and 4" annual
follow-up). We excluded participants <50 years of age (N=53) and non-PD controls. We
excluded participants <50 years of age because the relationship between mood symptoms
and cognitive functioning is hypothesized to be driven by similar mechanisms (i.e.
disruption of similar neural circuits; Butterfield et al., 2010; Jones et al., 2016; Pirogovsky et
al., 2017; Szymkowicz et al., 2017; Varanese et al., 2011); however there is evidence that
young onset-PD patients (before the age of 50) experience greater psychosocial stressors
(loss of employment, perceived stigma, family disruptions), which may contribute to
depressive symptoms (Schrag et al., 2003). Therefore, we excluded participants <50 in order
to remove the possible confound that depression is differentially driven by separate
mechanisms (i.e. psychosocial contributors versus neurobiological contributors).

Neurocognitive Assessment

Depression,

Participants completed neurocognitive tests at each annual assessment. The current study
utilized tests of global cognitive functioning (Montreal Cognitive Assessment; MoCA,;
Nasreddine et al., 2005), working memory (Letter-Number Sequencing; LNS; Wechsler,
2008), processing speed (Symbol Digit Modalities Test; SDMT; Smith, 1982), visuospatial
functioning (Judgment of Line Orientation test; JOLO; Benton et al., 1983), language/
semantic fluency (Animal Fluency; Heaton et al., 2004), learning/immediate verbal memory
(Hopkins Verbal Learning Test-Revised; HVLT-R trials 1-3; Brandt & Benedict, 2001), and
delayed verbal recall (HVLT-R delayed free recall trial; Brandt & Benedict, 2001).

Anxiety, Apathy and Motor Severity

Depressive symptoms were assessed with the 15-item version of the Geriatric Depression
Scale (GDS; Sheikh & Yesavage,1986). The GDS is a self-report questionnaire, whereby
participants rate the presence or absence of depressive symptoms over the previous week.
Total scores range from 0-15, with a score of =5 indicating clinically significant depression
in PD (Weintraub et al., 2006).

Anxiety symptoms were assessed with the trait anxiety subscale of the State-Trait Anxiety
Scale (STAI-T; Spielberger et al., 1983). The STAI-T consists of 20 self-report items
assessing general/chronic symptoms of anxiety. A decision was made to only examine trait
anxiety because the current paper focuses on relatively stable mood symptoms, as opposed
to anxiety that is reactionary/transient. This approach is consistent with past studies of
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anxiety and clinical outcomes in PD (Jones et al., 2014a; Jones et al., 2014b; Jones et al.,
2016).

Apathy was assessed with item four from the Unified Parkinson’s Disease Rating Scale
(UPDRS). Item four assesses motivation/initiation on a five-point scale (0-4) with
increasing scores indicating greater apathy. A review of apathy scales by the Movement
Disorder Society classified UPDRS item four as a recommended measure of apathy, with a
score of =2 indicating clinically significant apathy (Leentjens et al., 2008b; Starkstein &
Merello, 2007). The UPDRS also contains single items assessing anxiety and depression.
The depression and anxiety items were used in exploratory analyses.

Motor symptom severity was assessed with the Unified Parkinson’s Disease Rating Scale,
part 111 (UPDRS-I111), with higher scores indicating greater motor severity. Data about
levodopa equivalent dose (LED) within the PPMI sample has previously been published
(Eusebi et al., 2018).

Statistical Analyses

Multi-level models (MLM) were used to analyze the longitudinal relationship between
apathy, anxiety, depression and cognitive functioning. Full-information, maximum-
likelihood parameter estimation was used to account for missing data. Models were
computed using IBM SPSS Statistics Version 24.

For Aim 1, MLM analyses were computed with the cognitive outcome (MoCA, LNS,
SDMT, JOLO, animal fluency, HVLT-R learning and delayed recall) entered as the
dependent variable, for a total of seven analyses. Predictors included: depressive symptoms,
anxiety, apathy, time (baseline, 15, 214, 3'd and 4 annual follow-up), UPDRS motor scores,
age, education, and gender. In addition to the main effects of depressive symptoms, anxiety,
apathy and time, we computed interaction terms: depression X time, anxiety X time, and
apathy X time terms. These interaction terms were also included as predictors and examined
whether participants with higher or lower depressive/anxiety/apathy symptoms had different
trajectories of cognitive functioning over time (i.e., was the rate of cognitive decline faster or
slower).

Aim 2 examined the cross-lagged relationship between depression, anxiety, apathy and
cognitive functioning (i.e. do mood symptoms predict future changes in cognitive
functioning, and/or does cognitive functioning predict future changes in mood symptoms).
Similar MLM analyses were computed from Aim 1, except the depression, anxiety and
apathy terms were replaced with a lagged depression, anxiety, and apathy term. The lagged
variables were defined as depression/anxiety/apathy at the previous assessment (i.e.
depression/anxiety/apathy at time 1 predicts cognition at time 2; depression/anxiety/apathy
at time 2 predicts cognition at time 3, etc.). Age, education, gender, UPDRS motor scores,
and time were also entered into the model. The lagged variables examined whether cognitive
functioning was predicted by depressive symptoms, anxiety or apathy at the previous
assessment (i.e., did changes in depressive symptoms/anxiety/apathy precede changes in
cognitive functioning?). If a lagged mood variable (either depression, anxiety or apathy)
significantly predicted cognitive functioning, then further MLMs were computed to examine
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the alternative directionality (i.e., did change in cognitive functioning predict future changes
in depression/anxiety/apathy).

Exploratory analyses were also conducted utilizing the UPDRS items assessing depression,
anxiety and apathy. These analyses examined if differences in modality (i.e. a single rating
item versus standardized questionnaire) explain why cognition may relate to some mood
constructs but not others. MLM analyses were repeated similar to aim 1, but the UPDRS
depression and anxiety items replaced the GDS and STAI-T variables.

For all analyses, all variables were transformed to a z-score metric, based on the sample’s
mean and standard deviation. This approach preserves all within-person and between-person
differences and produces coefficients that can be interpreted similar to traditional
standardized regression coefficients (Bryk and Raudenbush, 1992).

Sample and Clinical Characteristics

Sample and clinical characteristics at baseline are displayed in Table 1 (see Jones et al., 2017
for description of attrition). Longitudinal clinical characteristics are displayed in
Supplemental Table 1. In predictor-free models, the intraclass correlation coefficient [ICC;
a2 (between) / o2 (between+within)] was computed to serve as an index of within-person
and between-person variability to be explained in cognitive test (the ICC represents the
between-person effect, and the inverse represent how much of the variance is a within-
person effect). The ICC was 0.504 for the MoCA, 0.644 for working memory, 0.700 for
processing speed, 0.552 for visuospatial functioning, 0.624 for semantic fluency, 0.600 for
learning/immediate verbal memory, and 0.608 for delayed verbal recall; meaning that 49.6%
(MoCA), 35.6% (working memory), 30.0% (processing speed), 44.8% (visuospatial
functioning), 37.6% (semantic fluency), 40.0% (learning/immediate verbal memory), and
39.2% (delayed verbal recall) of the overall variance was a within-person (i.e., overtime)
effect.

Aim 1: Relationship between Mood and Cognitive Functioning

Table 2 displays the MLM results for depressive, anxiety and apathy symptoms predicting
cognitive functioning. More severe depressive symptoms significantly predicted worse
performance on tests of processing speed, verbal learning, and verbal delayed recall.
Additionally, the depressive symptoms X time interaction term was a significant predictor of
MoCA and verbal learning performance. Specifically, individuals with more severe
depressive symptoms experienced a more rapid decline in MoCA and verbal learning scores
(Figure 1).

The main effect of apathy and anxiety, or the interaction terms (i.e. apathy X occasion or
anxiety X occasion) did not significantly predict any cognitive domain (all pvalues > 0.05).
Working memory, visuospatial and animal fluency performance were not significantly
predicted by any mood construct (Supplementary Table 2).
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Regarding additional predictors, the main effect of time predicted worsening processing
speed, working memory, and total MoCA score (i.e., performance worsened over time);
more severe motor symptoms predicted worse processing speed; male gender predicted
worse performance on processing speed, verbal learning, verbal delayed recall, visuospatial
functioning, and the MoCA,; older age and fewer years of education predicted worse
performance across all domains assessed.

Aim 2: Bidirectional Lagged Relationship between Depression, Anxiety and Apathy
Symptoms and Cognitive Functioning

Results from the MLM analyses predicting cognitive functioning from lagged depression,
anxiety and apathy terms are displayed in Table 3. The lagged depressive symptom term
significantly predicted performance on working memory, verbal learning, delayed verbal
recall and the MoCA.. Specifically, more severe depressive symptom scores predicted
declines in cognitive performance at the future/subsequent assessment. The lagged apathy
and anxiety terms did not significantly predict performance in any cognitive domain (all p
values > 0.05). Processing speed, visuospatial and animal fluency performance were not
significantly predicted by any mood construct (Supplementary Table 3).

Additional MLMs examined the alternative directionality of the above analyses (i.e., did
changes in cognitive performance precede changes in depressive symptoms). Results
revealed that only lagged working memory performance was related to changes in
depressive symptom scores (Table 4). Specifically, worse working memory performance
predicted worsening of depressive symptoms at the subsequent assessment. No other lagged
cognitive scores were found to be significant predictors of depressive symptom severity
(verbal learning, delayed verbal recall or MoCA,; all p values > 0.200).

Exploratory Analyses: Relationship between Cognition and UPDRS Mood Items.

Inaims 1 and 2, depression and anxiety were assessed by self-report questionnaires, but
apathy was rated with a single item. Therefore, exploratory analyses were conducted to
examine if differences in modalities (self-report questionnaire versus single rated item)
confounded the relationship between apathy and cognition (Supplemental Table 4). Worse
delayed verbal recall was significantly associated with worse depression (i.e. main effect of
UPDRS-Depression item). Additionally, processing speed was significantly predicted by the
UPDRS-Depression X Occasion interaction term; meaning that individuals with more severe
depressive symptoms experienced a more rapid decline in processing speed.

The apathy and anxiety UPDRS items were not significantly related to any cognitive
domain.

DISCUSSION

Past research investigating the relationship between mood symptoms and cognition in PD
have primarily been cross-sectional in nature. Findings have generally been mixed with
regards to whether anxiety, apathy or depressive symptoms more strongly predict cognitive
functioning. Additionally, the majority of the past literature has focused on only one or two
of these mood constructs, and therefore were unable to account for the high comorbidity of
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mood symptoms (Kirsch-Darrow et al., 2006; Kirsch-Darrow et al., 2011; Leentjens et al.,
2011).

The current study expands upon the past literature by examining the bidirectional
longitudinal relationship between apathy, anxiety, depressive symptoms, and cognitive
functioning. In general, we found that cognitive functioning over a four-year period was
related to depressive symptoms, but not to apathy or anxiety. Furthermore, findings
generally suggest a uni-directional relationship, such that changes in depressive symptoms
precede changes in cognitive functioning.

Multiple studies have found a link between cognitive functioning and depression in PD, with
greater cognitive decline observed among depressed PD patients than those without
depressive symptomatology (Hurtado-Gonzalez et al., 2018; Jones et al., 2016; Pirogovsky
etal., 2017; Szymkowicz et al., 2017). Impairments are most commonly reported on tests of
executive functioning, learning and memory. However, other studies have not found a
significant relationship between cognitive functioning and depression (Ng et al., 2015). In
the current study we found that depression (either the main effect or the interaction term)
predicted performance on tests of speed, learning and delayed recall; furthermore, the lagged
depression term also predicted performance in working memory, learning and delayed recall.
On the other hand, depression was not predictive of performance on tasks of language and
visuospatial functioning. These findings may highlight a contrast between a “frontal” versus
a “posterior” pattern of cognitive impairment. A past study of newly diagnosed PD patients
differentiated between a “posterior pattern” and “frontal pattern” of cognitive impairment
(Williams-Gray et al., 2009). Specifically, tests of posterior functioning (semantic fluency
and pentagon copying) were predictive of a genetic marker of tau pathology (MAPT H1/H1
genotype) and early dementia risk; whereas other tests (memory, speeded executive
functioning and attention) were not predictive of these outcomes. The pattern of findings in
the current study may suggest that depression is more predictive of a “frontal” (or frontal-
temporal) profile as opposed to the “posterior” profile highlighted in the Williams-Gray et
al., (2009) study.

Past neuroimaging studies also highlight the interplay between depression, cognitive
functioning and fronto-temporal dysfunction. Longitudinal voxel-based morphometry
studies revealed a significant association between depression and reduced amygdaloid,
bilateral medial orbito-frontal cortex, and hippocampal volumes among individuals with PD
(Goto et al., 2017). Similarly, some studies found a correlation between depression and
reduced white and gray matter volume in orbitofrontal, temporal, and limbic regions
(Feldmann et al., 2008; Wu et al., 2018). Functional imaging studies have also reported that
depression was inversely correlated with connectivity in prefrontal-limbic circuits among
individuals with PD (Cardoso et al., 2009; Wen et al., 2013).

This study shows evidence that changes in depression precede changes in certain cognitive
domains (working memory, verbal learning and recall, and global cognitive functioning).
These findings suggest that depression may be driving cognitive impairment and is
consistent with some, but not all, studies of the healthy aging population. Specifically, four
studies support the same directionality of findings in the current study but some mixed
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findings remain. At least four studies have found that depression predicts a decline in
cognitive functioning in older adults (Chi & Chou, 2000; Gallagher et al., 2016; Pantzar et
al., 2017; Bielack et al., 2007). One longitudinal study found that greater scores on the
Center for Epidemiologic Studies Depression Scale (i.e. more symptoms of depression) at
baseline predicted lower scores on a global measure of cognitive performance three years
later (Chi & Chou, 2000). A second study found that higher more severe depressive
symptoms at baseline significantly predicted declines in delayed recall and verbal fluency;
the median duration of follow-up was 47 months later (Gallagher et al., 2016). Another
longitudinal study found that processing speed, executive functioning, category fluency, and
attention were predicted by depression, with those transitioning from a healthy to a
depressed state showing the largest decline in cognitive functioning at three and six year
follow-ups (Pantzar et al., 2017). A fourth study exclusively assessed processing speed with
follow-up assessments at 2, 8, 11, and 15 years, and found that depressive symptoms
predicted subsequent decline in perceptual speed (Bielack et al., 2007). Alternatively, one
study found evidence of the reverse directionality. Specifically, poorer delayed recall at
baseline, as well as steeper decline in processing speed, predicted worsening depression over
a 13 year period (Brailean et al., 2017). Finally, one longitudinal study found that while
cognitive functioning and depressive symptoms were related to each other, there was no
evidence of directionality (i.e. depression did not predict future cognitive changes and vice-
versa; Dzierzewski et al., 2015). Therefore, findings are quite mixed among studies
examining the directional relationship between depression and cognition.

In PD, depression is commonly under-recognized and a large percentage of patients continue
to report significant symptoms of depression despite receiving psychiatric treatment (Seppi
etal., 2011). One clinical implication from the current study is that better recognition and
treatment of depression may help reduce the risk for future cognitive decline. Improved
control of depression and cognitive impairment may be particularly important to patients, as
past studies have shown depression and cognitive functioning to be independently related to
patients’ self-reported quality of life (Jones et al., 2014a; Jones et al., 2014b; Jones et al.,
2015;).

Additionally, we found a bi-directional relationship between working memory and
depression; suggesting a possible cyclical relationship where working memory impairment
contributes to depression, which further contributes to worse working memory. A
bidirectional relationship suggests that a combination of psychiatric and cognitive-enhancing
therapies may lead to optimal control of each respective symptom. This idea is consistent
with a past study of individuals with major depressive disorder, which showed that cognitive
training combined with transcranial direct current stimulation lead to a better treatment
response relative to either individual treatment modality (Segrave, et al., 2014).

In the current study, we did not find a significant relationship between anxiety, apathy and
cognitive functioning. In regards to anxiety and cognitive functioning, past studies have
linked anxiety symptoms (independent of depression and/or apathy) to worse cognitive
functioning (Ehgoetz Martens et al., 2016; Ehgoetz Martens et al., 2018; Jones et al., 2016;
Pirogovsky, et al., 2017; Ryder et al., 2002; Wan Mohamed, Din & Ibrahim, 2015).
Specifically, Pirogovsky and others (2017) found that more severe anxiety symptoms at
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baseline were predictive of declines in visual learning (but not a 2-year period. In cross-
sectional studies, anxiety is associated with a greater prevalence of mild cognitive
impairment and worse performance on tests of working memory, executive functioning,
language and memory (Ehgoetz Martens et al., 2016; Ehgoetz Martens et al., 2018; Jones et
al., 2016; Pirogovsky, et al., 2017; Ryder et al., 2002; Wan Mohamed, Din & Ibrahim,
2015). Discrepancies between the current study and past studies may be due to differences in
sample characteristics (the current sample consistent of newly diagnosed PD patients), study
durations and/or study measures. Specifically, the current study was limited in measures of
executive functioning. The current study was able to assess constructs (e.g., working
memory, semantic fluency) that are sometimes subsumed under the executive functioning
domain. However, anxiety is frequently associated with tests of set-shifting, behavioral
inhibition and letter fluency, which were not available in this secondary data analysis
(Ehgoetz Martens et al., 2016; Ehgoetz Martens et al., 2018; Reynolds, et al., 2017).

Regarding the possible relationship between apathy and cognition, previous authors have
described apathy as an impairment of systems involved in planning, working memory, and
set-shifting, which are required for self-initiation of goal-directed behaviors (Levy &
Dubois, 2006). Similar to depression, findings regarding the relationship between apathy and
cognition among PD patients are mixed (Butterfield et al., 2010; Jones et al., 2016;
Szymkowicz et al., 2017; Varanese et al., 2011; Pirogovsky, et al., 2017). A recent meta-
analysis found a moderate association between apathy and global cognition, delayed verbal
memory, processing speed, attention, and executive functioning in patients with PD (D’lorio
et al., 2018). It is worth noting that among studies examining the intersectionality of apathy,
depression and cognitive functioning, the variability in findings may be accounted for by
differences in assessment measures. Studies finding a significant association between apathy
and cognitive functioning utilized the Apathy Evaluation Scale (AES; Butterfield et al.,
2010; Varanese et al., 2011), whereas studies with a null relationship utilized the Apathy
Scale (AS; Jones et al., 2016; Szymkowicz et al., 2017; Pirogovsky, et al., 2017). Although
there is similarity between the AES and AS (i.e. both are self-report measures utilizing a
four-point Likert scale), the AS was designed to reduce patient demands (Leentjens et al.,
2008b), by containing fewer items (14 vs. 18) and having the questions read aloud to the
participant. Additionally, a review by the Movement Disorders Society found the AS to have
acceptable criterion validity in PD, while information on validity was not available for the
AES (Leentjens et al., 2008a). Discrepancies between the current study and past studies of
apathy and cognitive functioning may also be due to differences in cognitive measures (the
current study was limited in measures of executive functioning, which may be particularly
sensitive to apathy) or differences in patient population (the current study consisted
exclusively of newly diagnosed PD patients).

Studies have generally hypothesized the relationship between apathy, anxiety and cognitive
functioning is mediated by disruption of fronto-striatal circuits involving frontal cortical
regions important for both cognitive functioning (such as the dorsolateral prefrontal cortex)
and motivation/goal directed behavior (such as the anterior cingulate cortex; Kish et al.,
1988; Owen, 2004). However, more recent studies have challenged the view that striatal-
dopamine dysfunction is the primary driver of neuropsychiatrie symptoms in PD and have
focused on the role of serotonergic systems in apathy (Maillet et al., 2016). Anxiety may
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additionally be related to dysregulation of the HPA axis, which subsequently leads to
elevated cortisol and hippocampal dysregulation (Pirogovsky et al., 2017).

Exploratory analyses inspected if the lack of a significant relationship between apathy and
cognitive functioning is partially related to differences in modalities (i.e. apathy was
assessed with a single clinician rated item, while depression and anxiety were assessed with
self-report questionnaires). Depression continued to be the only mood construct that
predicted cognitive performance when the UPDRS mood items were utilized in the
exploratory analyses. However, the depression item (either the main effect or the interaction
term) was only predictive of 2/7 cognitive tests, as opposed to 4/7 when the full self-report
questionnaire was used. This may suggest the null relationship between apathy and cognitive
functioning may be partially, but unlikely fully, explained by utilization of a single rated
item.

Limitations in this study include that apathy was assessed with a single-item, which may
reduce variability and reduce our ability to parse out apathy symptoms from depressive
symptoms. While the use of a single item may be a weakness, it is worth mentioning that a
review of apathy measures by the Movement Disorder Society found that UPDRS item four
had suitable psychometric properties (Leentjens et al., 2008b). Additionally, as is true with
all PPMI studies, the sample consisted of participants newly diagnosed with PD. Findings
may not generalize to the entire PD population. The current study was a secondary data-
analysis limited to cognitive tasks administered as part of the PPMI. The current study was
able to assess constructs (e.g., working memory, semantic fluency) that are sometimes
subsumed under the executive functioning domain. However, future studies may benefit
from utilizing additional tasks of executive functions (e.g., set-shifting, letter fluency,
behavioral inhibition, novel-task problem solving) to fully parse apart the relationships
between mood symptoms and this cognitive domain.

To the best of our knowledge, this is the largest longitudinal investigation of the independent
effects of apathy, anxiety and depressive symptoms on cognitive functioning in PD. Findings
suggest depression may be a harbinger for future cognitive decline among individuals with
PD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Public Significance Statement:

Non-motor symptoms such as depression, anxiety, apathy and cognitive impairment are
common in Parkinson’s disease. The current study demonstrated that more severe
symptoms of depression are related to worse cognitive functioning over the four-year
study period. Findings suggest that depression may be a harbinger for future cognitive
decline among individuals with Parkinson’s disease.
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Figure 1.

Relationship between cognitive functioning and depression status. Cognitive values are
depicted in a z-score metric. Depression status was determined from the Geriatric
Depression Scale (GDS) score (cut point = 5; Weintraub et al., 2006). Note: MLM analyses
utilized GDS scores as a continuous variable. MOCA = Montreal Cognitive Assessment;
HVLT = Hopkins Verbal Learning Test.
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Mean Baseline Sample Characteristics

N =310

Age
Percent Male
Education (years)
UPDRS-1I1
Montreal Cognitive Assessment
Letter Number Sequencing
Symbol Digit Modalities Test

Line Orientation

Animal Fluency

HVLT-R Learning

HVLT-R Delayed Recall
Geriatric Depression Scale
STAI-T
UPDRS- Apathy Item

Mean Standard Deviation

62.9 7.5
62.6 ---
15.6 3.0
20.1 9.0
27.3 1.8
10.6 25
41.36 9.4
13.0 1.9
21.2 5.6
24.8 4.7
8.5 2.4
24 2.7
33.0 111
0.20 0.51

UPDRS-III = Unified Parkinson’s Disease Rating Scale motor score; HVLT-R = Hopkins Verbal Learning Test- Revised; STAI-T = State-Trait

Anxiety Inventory- Trait subscale.
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Jones et al.

Lagged Model Predicting Depression

Fixed Effects
Predictors
B SE p
LNS Lagged -0.083 0.039 0.033
Occasion -0.021 0.029 0.467
Motor Severity ~ 0.105  0.033 0.001
Age -0.035 0.065 0.592
Gender -0.095 0.103 0.355
Education -0.119 0.049 0.015

Table 4.
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Significant p values appear in bold; only models where depression, anxiety or apathy significantly predicted cognition are shown. LNS = Letter

Number Sequencing

Neuropsychology. Author manuscript; available in PMC 2020 November 01.



	Abstract
	INTRODUCTION
	METHODS
	Study Design
	Neurocognitive Assessment
	Depression, Anxiety, Apathy and Motor Severity
	Statistical Analyses

	RESULTS
	Sample and Clinical Characteristics
	Aim 1: Relationship between Mood and Cognitive Functioning
	Aim 2: Bidirectional Lagged Relationship between Depression, Anxiety and Apathy Symptoms and Cognitive Functioning
	Exploratory Analyses: Relationship between Cognition and UPDRS Mood Items.

	DISCUSSION
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.



