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Abstract

Background and Objectives

A robust understanding of the natural history of apathy in Parkinson disease (PD) is foun-
dational for developing effective clinical management tools. However, large longitudinal
studies are lacking while the literature is inconsistent about even cross-sectional associations.
We aimed to determine the longitudinal predictors of apathy development in a large cohort of
people with PD and its cross-sectional associations and trajectories over time, using so-
phisticated Bayesian modeling techniques.

Methods

People with PD followed up in the longitudinal New Zealand Parkinson’s progression
project were included. Apathy was defined using the neuropsychiatric inventory subscale
>4, and analyses were also repeated using a less stringent cutoff of >1. Both MoCA and
comprehensive neuropsychological testing were used as appropriate to the model. De-
pression was assessed using the hospital anxiety and depression scale. Cross-sectional
Bayesian regressions were conducted, and a multistate predictive model was used to
identify factors that predict the initial onset of apathy in nonapathetic PD, while also
accounting for the competing risk of death. The relationship between apathy presence and
mortality was also investigated.

Results

Three hundred forty-six people with PD followed up for up to 14 years across a total of 1,392
sessions were included. Apathy occurrence did not vary significantly across the disease course
(disease duration odds ratio [OR] = 0.55, [95% CI 0.28-1.12], affecting approximately 11% or
22% of people at any time depending on the NPI cutoff used. Its presence was associated with a
significantly higher risk of death after controlling for all other factors (hazard ratio [HR] = 2.92
[1.50-5.66]). Lower cognition, higher depression levels, and greater motor severity predicted
apathy development in those without motivational deficits (HR [cognition] = 0.66 [0.48-0.90],
HR [depression] = 1.45 [1.04-2.02], HR [motor severity] = 1.37 [1.01-1.86]). Cognition and
depression were also associated with apathy cross-sectionally, along with male sex and possibly
lower dopaminergic therapy level, but apathy still occurred across the full spectrum of each
variable (OR [cognition] = 0.58 [0.44-0.76], OR [depression] = 1.43 [1.04-1.97], OR [female
sex] = 0.45 [0.22-0.92], and OR [levodopa equivalent dose] = 0.78 [0.59-1.04].

Discussion

Apathy occurs across the PD time course and is associated with higher mortality. Depressive
symptoms and cognitive impairment in particular predict its future development in those with
normal motivation.

From the Department of Medicine (C.L.H., M.R.M., T.R.M., T.P., J.D.-A,, T.A,, S.H.), University of Otago, Christchurch; New Zealand Brain Research Institute (C.L.H., K-L.H., M.R.M., L.L.,
T.R.M., D.M,, T.P,, ].D.-A., T.A.), Christchurch; Department of Neurology (C.L.H., T.A.), Christchurch Hospital; and Department of Psychology (C.L.H., J.D.-A.), Speech and Hearing,
University of Canterbury, Christchurch, New Zealand.

Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

Copyright © 2024 American Academy of Neurology

Copyright © 2024 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


mailto:campbell.leheron@otago.ac.nz
mailto:campbell.leheron@otago.ac.nz
https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000209301

Glossary

HR = hazard ratio; LED = levodopa equivalent dose; MoCA = Montreal Cognitive Assessment; NPI = Neuropsychiatric

Inventory; PD = Parkinson disease.

Introduction

Although apathy is now recognized as one of the most common
and debilitating nonmotor symptoms occurring in Parkinson
disease (PD),"* the temporal dynamics of it throughout the
course of PD remains poorly described.®> Furthermore, while
many cross-sectional studies have investigated associations with
apathy, at times with conflicting results, no studies have ex-
amined the predictors of de novo apathy development in a large
PD sample."* This represents an important knowledge gap
because such information is crucial for understanding the rea-
sons apathy develops, planning management strategies, dis-
cussing the problem with patients and their families, and
ultimately proactively preventing loss of motivation in people at

highest risk of it.

This dearth of knowledge is underscored by inconsistencies
within the scientific literature and between the literature and
clinical expelrience.l Apathy can occur very early in PD and in
some people will be a major presenting feature®® but is still
presented in many reviews as a nonmotor problem that
emerges once the disease is well established.” The few lon-
gitudinal studies to date have produced contradictory findings
on the trajectory of apathy in PD. While all patients with
apathy at baseline remained apathetic 4 years later in one
study,'® other work suggests it may remit in some people.'""?
Furthermore, these studies are all limited to some extent by
small sample size, short follow-up times, and often a focus on
worsening apathy symptoms rather than the development of
apathy in individuals with previously normal motivation.'*"*

By contrast, significantly more is understood about the cross-
sectional associations of apathy in PD."* Nevertheless, many
points remain contentious. One important issue is the re-
lationship between apathy and cognitive impairment. In dif-
ferent studies, apathy has been associated with worse overall
cognition generally, more specific dysfunction in particular
cognitive domains (often executive), or in fact not related to
the degree of cognitive impairment."*'>'>'® Such disparities
leave open competing explanations of this relationship. These
include a simple epiphenomenon (with apathy actually de-
termined by specific disruption of neural circuits that underlie
reward-based decision-making and normal goal directed be-
havior); a direct effect such as executive disruption limiting
production of normal motivated behavior; or apathy relating to
a more general decline in cognitive abilities as the Parkinson
brain moves toward a dementia state."*'”'® While these pos-
sibilities are not mutually exclusive, the current inconsistencies
between studies impedes development of an overarching
etiologic understanding of apathy in PD. In a similar vein,
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discrepancies also exist regarding levodopa equivalent dose
(LED) and apathy presence/severity, with both higher and
lower LED associated with apathy in different studies."'**°

Providing answers to these issues depends on sufficiently large
and representative study populations combined with appro-
priately selected statistical techniques to analyze them. Large
longitudinal cohorts with follow-up over long periods, while
theoretically providing such a forum, are often convenience
samples—meaning people may have been recruited at dif-
ferent stages of disease, followed up for varying lengths of
time, and undergone other life events during follow-up, in-
cluding death.*" Statistical models provide an important
toolset to derive meaningful understanding from such com-
plexity, allowing robust inferences about specific questions to
be drawn from a population more reflective of the overall
Parkinson spectrum.”> One example inherent in any longi-
tudinal study is how to model important competing risks that
may prevent apathy development, such as death. Another is
how to disentangle the influence (or otherwise) of multiple
highly correlated variables, as is seen when examining asso-
ciations between multiple cognitive tests and a variable of
interest, such as apathy.

In this study, we use such approaches to probe the trajectories,
cross-sectional associations, and longitudinal predictors of
apathy in PD in a large cohort of patients followed up for up to
14 years. Our broad hypotheses are that apathy will occur
throughout the course of PD, but its presence may fluctuate
within individuals; that apathy will have cross-sectional asso-
ciations similar to those seen in prior studies but that asso-
ciations with cognitive state will be driven by performance on
neuropsychological tasks underpinned by neural regions
crucial for normal goal-directed behavior, such as anterior
cingulate cortex; and that distinct features will predict de novo
development of apathy in those with normal motivation,
when accounting for the competing risk of death over time.
Finally, we examined whether apathy itself independently
predicts death in people with PD.

Methods

Participants

People with PD were identified from the New Zealand Par-
kinson’s Progression Program (NZP?), a longitudinal study of
PD running at the New Zealand Brain Research Institute in
Christchurch since 2007.>' The cohort is a convenience sample
of people with PD, primarily recruited from movement disor-
ders clinics with recruitment continuing throughout the study
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duration. As such, it captures a broad cross-section of the local
population, as well as being heterogeneous regarding disease
stages. At enrollment, patients range from being newly di-
agnosed to having had PD for 20+ years (Table 1), and some
have now been followed up for 14 years (eFigure 1). Patients
have been reevaluated in a core group of clinical, psycho-
logical, and questionnaire measures at regular intervals
(between 6 and 24 months) throughout the study.'

Standard Protocol Approvals, Registrations
and Patient Consents

Ongoing ethical approval for the NZP3 and associated anal-
yses has been provided by the Health and Disability Ethics
Committee (HDEC - URB/09/08/037; URB/09/08/037/
AMO4).

Apathy Definition

We used the Neuropsychiatric Inventory (NPI) apathy sub-
section to classify the presence or absence of apathy, based on
informant report, because it was the most frequently adminis-
tered apathy assessment across the time course of the study and
has been widely used to assess apathy in many conditions.**
Although more detailed consensus criteria for the clinical
diagnosis of apathy exist, we were unable to apply these
because of insufficient detail within our longitudinal
dataset.”*>> We defined apathy as absent or present, based
on an NPI-apathy score of 4 or greater.">® We also repeated
all analyses using a less stringent cutoff of 1 or greater to
capture a wider breadth of apathy severity." A recent study
in a subsection of this population suggests the NPI provides
an equivalent assessment of apathy presence to a more
detailed questionnaire.?

Demographic and Clinical Information

Baseline demographic information included age, sex, education,
and ethnicity. Core clinical information obtained at each time
point included years since diagnosis, medications (including

Table Summary Statistics During Recruitment Into Study
(Mean [SD])

Sample size 346

Sex (M:F) 242:104
% Apathetic 11.4%°
Age (y) 68.8[7.8]
Education (y) 12.8 [2.6]
Time since diagnosis (y) 5.9 [5.4]
LED (mg) 599 [476]
UPDRS part lll score 34.9 [16.6]
MoCA 24.2[4.1]

Abbreviations: LED = levodopa equivalent dose; MoCA = Montreal Cognitive
Assessment.
223.4% if using NPI 21 cutoff.

Neurology.org/N

antidepressants), LED, PD motor severity assessed in the ON
state (MDS-UPDRS part III, or for those assessed before 2010,
and UPDRS-III with appropriate score transformation).”®
Summary statistics for the group based on their initial assessment
within the longitudinal study is listed in Table 1.

Questionnaires and Neuropsychological
Assessments

A measure of global cognition was obtained using the Mon-
treal Cognitive Assessment (MoCA).*” In addition, extensive
neuropsychological assessments, spanning executive, atten-
tional, memory, language, and visuospatial domains, were also
administered longitudinally, and we included a representative
selection of 24 tasks across these 5 domains in our analyses
(eAppendix 1).*' Depression and anxiety were assessed using
the Hospital Anxiety and Depression Scale,®® which was
available from 2010 onward.

Data Preprocessing and Approach to

Missing Data

Data were used from all individuals with a diagnosis of PD and
all sessions where neuropsychiatric assessments were per-
formed. Sessions were excluded if there was an explicitly
recorded exclusion from the parent study or if there was a
more than 3-month gap between the main assessment (clin-
ical, neuropsychological) and the caregiver-administered NPI
session. For variables other than the main NPI apathy mea-
sure, missing data were imputed by first taking the closest
subsequent (or then previous) observation from within the
same individual. For those with no observations of a given
variable, we used either a single or multiple multivariate im-
putation strategy depending on the downstream model
(eMethods for further details). Finally, variables were z scored
when used by the statistical models outlined further.

Statistical Models

We used several modeling approaches to explore the pre-
sentation of apathy across the PD course, with 2 comple-
mentary aims: first, to assess the cross-sectional associations
between apathy and common clinical measures across the
whole cohort; and, second, to identify any factors that predict
the first onset of apathy in people with PD. Full specification
of the models is available at github.com/nzbri/pd-apathy.

Cross-Sectional Analyses
First, we used a Bayesian logistic regression (performed using
the brms package in R)*" to predict current apathy status from
the most relevant core variables (including age, sex, time since
diagnosis, education, LED, motor severity, depression, use of
antidepressants, MoCA, and anxiety) accounting for the
(non-independent) repeated sessions per individual. This was
run on the multiply imputed data such that the posterior odds
ratios include uncertainty due to missing data. Normal (0, 1)
priors were used for the coeflicients on the core population-
level variables and were left at the brms defaults otherwise.
This approach produces outputs broadly relatable to previous
work examining cross-sectional associations of apathy in PD,
Volume 102, Number 12
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Figure 1 Trajectories of Apathy Across the PD Course
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B. Apathy status at 3-year intervals
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Left panel: the proportion of patients with PD with apathy did not vary significantly with time since diagnosis. Right panel: Alluvial plot showing changes in
group membership at each time point since diagnosis. Some remission of apathy is evident at each time point. Unknown refers to time points before inclusion
in the study (because most people were recruited at a time point following their diagnosis). PD = Parkinson disease.

while allowing us to examine additional questions such as
whether the presence of apathy is associated with disease
duration.

Next, to determine whether performance on specific cog-
nitive tests is associated with apathy presence, we ran a
second analysis that included the full battery of cognitive
tests, but not MoCA. Because many of these tests are cor-
related, we used a cross-validated, regularized sparse re-
gression (glmnet in R).*” Because this does not by itself
account for the repeated measures structure to the data, we
randomly subsampled the data down to 1 session per in-
dividual and collated model parameters across 1,000 such
resamplings. The main output from this model is the pro-
portion of times each variable made a non-zero contribution
to predicting apathy presence, across the resampling process.
Significance was assessed through a permutation test, where
the analyses were repeated but apathy status was shuftled
across individuals within each resampling.**

Longitudinal Analysis
We used a multistate model (msm in R) to look for factors that
predict the initial onset of apathy, while accounting for the
competing risk of mortality.>*** In this model, patients can
transition from a nonapathetic state to an apathetic one and
can also die. Crucially, the probabilities of these transitions are
modulated by the variables describing a patient’s current
symptoms and characteristics. We then used the outputs from
the multistate model to estimate the risk (hazard ratio [HR])
of death associated with developing apathy, after accounting
for all other variables. Finally, to provide a more nuanced view
of apathy across the course of PD, we plotted exemplar tra-
jectories of apathy in PD, as predicted by the model. These are
plotted as a function of key variables such as cognition, motor
status, and LED, while all other predictors are fixed to the
group average values.
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Data Availability

Code to fit the models and further visualizations of this
dataset are freely available at github.com/nzbri/pd-apathy.
Data not provided in the article because of space limitations
may be shared (anonymized) at the request of any qualified

investigator for purposes of replicating procedures and results.

Results

Three hundred forty-six participants with PD, followed up for
up to 14 years and with up to 25 years of PD duration, were
assessed across 1,392 sessions.

Trajectories and Prevalence

The proportion of people with PD who were apathetic did not
vary significantly as a function of time since diagnosis (PE:
0.55, [95% CI 0.28-1.12] Figure 1A). At any given point,
approximately 11% of people were classified as apathetic
based on the NPI scale cutoff of >4 (22% with a less stringent
cutoff of >1). Plotting individual trajectories demonstrates
that there was some movement between groups, with ap-
proximately 19% of those previously classified as apathetic
remitting to a nonapathetic state at the following time point
(Figure 1B and eTablel). In total, 18 individuals were clas-
sified as in remission from apathy symptoms (identified as the
group in yellow on Figure 1, A and B), of which only 6
individuals met the apathy classification cutoff at a subsequent
time point.

Cross-Sectional Associations of Apathy in PD

In the Bayesian logistic regression, the presence of apathy was
significantly associated with sex (lower risk in female indi-
viduals, odds ratio [95% CI] = 0.45 [0.22-0.92]), lower
cognition (MoCA score, OR = 0.58 [0.44-0.76]), and higher
levels of depression (OR = 1.43 [1.04-1.97], Figure 2A).

Neurology.org/N
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Figure 2 Cross-Sectional Associations With Apathy
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(A) Bayesian logistic regression showing that sex, LED, MOCA, and depression were also significantly associated with apathy presence. (B) Regularized sparse
regression applied to core predictor variables plus multiple different neuropsychological tests (allowing for the highly correlated nature of these.) The x-axis
plots the proportion of times each variable made a non-zero contribution to predicting the presence of apathy, across the 1,000 resamplings. The black dots
indicate whether the variable's relationship with apathy was statistically significant. (C) Stacked histograms of depression and MoCA scores split by apathy
status, demonstrating that although these variables are associated with apathy, there remains significant overlap between the groups. Insets—an alternative
way to conceptualize the effect size of these relationships is to examine the performance of a predictor in identifying apathy status, which here, while

significant, is clearly not strong. LED = levodopa equivalent dose; MoCA = Montreal Cognitive Assessment.

Lower LED trended toward an association with apathy, al-
though this was not significant (OR = 0.78 [0.59-1.04]).
There was no significant relationship between apathy and
severity of motor symptoms (OR = 1.23 [0.93-1.63]). Full
model parameters are available in the Supplementary material
in eAppendix 2, Model Outputs.

It is also important to consider the effect size of the ob-
served associations when considering their relative
importance—both for an individual patient and, more
broadly, for the relationship between these variables and
apathy. To illustrate this, we plot the histograms of the raw
data—essentially a pictorial representation of univariate
effect sizes—for 2 of the significant associations, depression
and MoCA score (Figure 2C). The marked overlap in ap-
athy and nonapathy distributions makes it clear that
knowing details of these measures for a given patient still
gives you little information about their apathy status. Thus,
these variables, while associated with apathy, are also dis-
sociable from it. This point is further emphasized by the
poor performance, based on area under the curve of a re-
ceiver operating characteristic analysis using these variables
to predict apathy status (Figure 2C—insets).

Next, we repeated the cross-sectional analysis including 24
individual neuropsychological tests instead of the MoCA,
Neurology.org/N
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using a cross-validated, regularized sparse regression with
resampling to account for the correlated nature of the data.
This demonstrated very strong effects of the same variables
identified in the previous model (sex and depression) and
lower LED. Many of the neuropsychological tests, deriving
from different cognitive domains, showed the same inverse
relationship with apathy as the broader MoCA score, with the
strongest associations including Stroop interference, judg-
ment of line orientation, and CVLT immediate recall
(Figure 2B and eAppendix 2 Model Outputs).

Longitudinal Predictors of Apathy
Two hundred ninety-eight people were included in the pre-
dictive model, which, across 1,168 sessions, included 48
transitions to apathy and 131 deaths. In people with PD and
normal motivation, lower cognition, higher levels of de-
pressive symptoms, and a higher UPDRS motor score, all
independently predicted the future development of apathy
(MoCA: HR [95% CI] = 0.66 [0.48-0.90]; depression: HR =
1.45 [1.04-2.02]; motor score: HR = 1.37 [1.01-1.86],
Figure 3A). No other factors were significant predictors for
transition to apathy. After controlling for all other variables,
the presence of apathy was independently associated with a
significantly higher risk of death (HR = 2.92 [1.50-5.66],
Figure 3B). Otherwise, significant predictors of death were
similar between both apathetic and non-apathetic groups and
Neurology
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Figure 3 Multistate Model to Assess Longitudinal Predictors of Apathy Development
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(A) Following PD diagnosis, lower cognition, higher levels of depression, and higher UPDRS motor score all significantly predicted transition from nonapathetic
to apathetic states. (B) Apathy was associated with a significantly higher chance of death across the course of PD, after accounting for all other factors. (C)
Higher education, greater age at diagnosis, higher LED, greater motor symptoms, and lower cognition were all associated with greater risk of subsequent
death, irrespective of apathy status. LED = levodopa equivalent dose; PD = Parkinson disease.

included older age at diagnosis, higher UPDRS-III motor
scores, higher LED, lower cognitive scores, and higher
education level (see Figure 3C and, for full model outputs
eAppendix 2). Although it would be of interest to examine
predictors of change from apathy to no apathy status, the
numbers in this study were not sufficient to confidently model
Neurology
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this reverse transition (eFigure 2). Finally, we used the out-
puts from the multistate model to plot exemplar trajectories of
apathy when accounting for the competing risk of death, as a
function of important factors associated with its presence or
general progression of PD (Figure 4). These plots provide a
more nuanced view of apathy risk across the disease course

Neurology.org/N
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Figure 4 Exemplar Predicted Trajectories of Apathy From the Multistate Model
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Although at a group level, apathy rates were similar across the disease course, they do vary significantly as a function of associated variables and the risk of
death. These plots illustrate this for cognition (A), depression (B), LED (C), and motor symptoms (D), showing how each of these variables influences the
chances of being alive and apathetic at each time point from diagnosis. As an example, the relationship between cognition, apathy, and death is visualized
across the PD time course in (A). In the first years after diagnosis, the probability of being apathetic (and alive) is higher in those with lower baseline cognition,
whereas in subsequent years, this relationship reverses (because both lower cognition and apathy are associated with a higher mortality rate). LED =

levodopa equivalent dose; PD = Parkinson disease.

than the alluvial plots (Figure 1), which average across these
factors at each time point.

A number of people experienced apathetic symptoms but
below the NPI score of 4 threshold. Therefore, we also re-
peated all analyses with a more inclusive cutoff of NPI apathy
score greater than or equal to 1. Using this cutoff, approxi-
mately 22% of the group were apathetic at any time point,
again not varying as a function of time since diagnosis (OR =
0.60, [95% CI: 0.33-1.08], eFigure 3. The remainder of
analyses remained very similar to the more stringent NPI
cutoft presented above, with the exception that a significant
relationship between lower LED and apathy was seen in both
the cross-sectional and longitudinal models, while higher
UPDRS motor score no longer predicted future development
of apathy. Full results of this additional analysis are presented
in eAppendix 2 Model Outputs and eFigures 4, S, and 6.

Discussion

We used sophisticated modeling techniques to explore the
longitudinal predictors and trajectories and cross-sectional

Neurology.org/N

associations of apathy in PD from a large population of people
with PD followed up for up to 14 years. Using a multistate
model that accounted for the competing risk of death as PD
progressed, we identified 3 significant predictors for the de-
velopment of apathy in individuals who were not currently
apathetic—greater cognitive impairment, higher levels of
depression, and a higher UPDRS motor score. Cognitive
impairment and depression—but not motor score—were
also associated with apathy cross-sectionally, but here we
demonstrate that changes in these variables clearly precede
the development of apathy, strengthening the case for a casual
(direct or indirect) relationship. At a group level, apathy rates
were similar throughout the time course of PD, although
individuals demonstrated some variability in their status. Of
importance, the presence of apathy at any disease stage was
associated with a higher risk of death, underscoring the sig-
nificance of this nonmotor feature of PD. As we discuss fur-
ther, these findings provide insights into possible pathways of
apathy development and identifying opportunities to in-
tervene to prevent it occurring.

Although depression is often associated with, although disso-
ciable from, apathy—both in PD and other conditions—this
Volume 102, Number 12
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study demonstrates that greater depressive symptoms are as-
sociated with future apathy development in previously moti-
vated individuals.***° There are different possibilities to explain
this relationship. Current computational psychiatry conceptu-
alizations of depression acknowledge multiple potential bi-
ological components. Some of these, particularly anhedonia,
likely share mechanisms with apathy, particularly around the
evaluation of rewards, and translation of this information into
actions toward goals.”” In addition, there may be specific effects
of the depressed state that could lead to apathy, including
devaluing outcomes of behaviors, reducing estimates of the
background reward environment, and causing social isolation.*®
With time, such factors could distort cost-benefit decision-
making processes that lie at the heart of normal goal-directed
behavior, resulting in the apathetic phenotype.'® Finally, in
theory, it is possible that treatments associated with depression
could lead to the development of apathy. In the animal litera-
ture, selective serotonin reuptake inhibitors have been shown to
reduce willingness to work for rewards.>’ However, the absence
of a relationship between antidepressant use and apathy in the
cross-sectional analyses argues strongly against this possibility.

Similar to depression, cognitive dysfunction is also frequently
associated with apathy, but again here this study demonstrates
its presence predicts future apathy development. This finding
could be explained by dysfunction of the normal processes
underlying the production of motivated behavior.'”'®** Al-
though we assessed cognition relatively crudely in the multi-
state analysis (using the MoCA), the results of the regularized
sparse regression, whereby particular neuropsychological tests
were most strongly associated with apathy cross-sectionally,
provide some support to this possibility. In particular, the
stroop interference task relies on neural populations within
anterior cingulate cortex—a region also crucial for integrating
rewards and efforts to drive behavior toward goals and strongly
associated with apathy.*>** Similarly, in theory, impaired per-
formance on judgment of line orientation tasks and immediate
recall could reflect cholinergic dysfunction, a neurotransmitter
also closely associated with aspects of normal goal-directed
behavior and for which modulation can improve apathy in
some patients with PD.>>** However, just as with depression, it
may also be that lower cognition sets up a state where an
individual is more likely to become apathetic—such as a less
stimulating environment, poorer social connections, or reduced
ability to generate potential options. Although we cannot tease
these possibilities apart in this study, such changes are theo-
retically modifiable—through pharmacologic but also envi-
ronmental and psychological manipulations, and may present
an important opportunity to prevent the development of apa-

thy in people with PD.

There was some evidence of an association between lower
LED and apathy cross-sectionally, with a significant re-
lationship demonstrated by the sparse regression—but not
the logistic regression—model, and both a cross-sectional and
longitudinally predictive association at the less stringent NPI
cutoft of >1. Although a cross-sectional relationship between
Volume 102, Number 12
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LED and apathy could in theory be explained by people being
undertreated as a consequence of apathy, this seems less likely
given that motor severity, assessed in the ON state, although
predictive of future apathy development was not associated
with apathy cross-sectionally in either the logistic or sparse
regression models. Instead, the results suggest that people
who require lower doses of dopamine to treat their motor
symptoms are more likely to have apathy. A prominent hy-
pothesis is that people with PD who develop apathy have
relatively greater denervation in mesolimbic compared with
nigrostriatal dopaminergic circuits.* Thus, titrating dopami-
nergic treatment to a motor response may be inadequate in
this subgroup. In the future, clinical assessments could be
augmented by specific behavioral or physiologic measures—
such as indices of reward sensitivity—which may identify
those who could benefit from additional pharmacotherapy,
although this is an area that requires more work."**”*?

People with PD who have apathy were at a significantly higher
risk of dying, even after accounting for potential confounders
such as lower cognition, age, and motor severity. To our
knowledge, such a relationship has not been previously dem-
onstrated in PD, although has been observed in association
with general a.ging.46 Along with clear data demonstrating the
negative impact of apathy on quality of life,” this underscores
the clinical importance of amotivation in PD. There are many
potential reasons for this association with mortality. These
could be relatively straightforward, such as apathetic people
being less likely to seek assistance for other health problems,
take medications, or exercise regularly. However, there is also
an emerging concept of demoralization in the literature, which
may overlap with aspects of apathy and have more direct effects
on mor‘cality.47 We should be clear, however, that our multistate
predictive model places apathy primus inter pares; while apathy
is associated with early mortality, our cross-sectional analyses
showed how apathy is also related to cognitive impairments and
depression. As such, mortality is affected by all these in-
terrelated cognitive and psychological issues.

In contrast to some other neurodegenerative conditions, such
as Huntington disease,™ group apathy rates remained stable
across the course of PD, although individuals did vary in their
motivational state across time. Furthermore, although stable
at a group average level, exemplar plots from the multistate
model demonstrate how the probability of being alive and
apathetic with PD does change across the disease time course,
based on the contribution of other factors that predict apathy
development and death. Another consideration is whether the
mechanisms underlying apathy may vary across the disease
course. It is plausible that apathy occurring earlier in the
course of PD is driven by dysfunction within key neuro-
modulatory systems such as the mesolimbic dopaminergic or
noradrenergic systems—both integral for translating reward
and effort information into goal-directed actions—while at
later stages, dysfunction within other systems (e.g., choliner-
gic) and increasing degeneration within cortical brain regions
crucial for goal-directed behaviors become a more significant
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driver.* Broadly, this means that stable rates of apathy across
the disease course does not imply a single mechanism, but this
study is not able to disentangle these putative differences and
remains a general summary of apathy across the course of PD.
Future work is needed to explore these possibilities—which
in themselves may point to differing treatment strategies.

We believe the results of this study should generalize to other
populations of people with PD. The cross-sectional associa-
tions with apathy seen in our cohort were broadly in line with
previous work; the demographic and baseline (at re-
cruitment) clinical characteristics were also comparable with
other published samples,49 while within the multistate model,
irrespective of apathy status, lower cognition, older age, higher
LED, and greater motor symptoms were all associated with a
higher risk of death, consistent with other studies.’*>* The
real-world nature of the dataset, recruited longitudinally as a
convenience sample, allowed us to build up a picture across
the spectrum of PD, but does present some challenges for data
analysis—challenges we met with the application of sophis-
ticated Bayesian frameworks. However, we cannot exclude the
possibility of bias that could affect particularly apathy rates,
such as people with cognitive impairment being more likely to
leave the study or those who already had apathy being less
likely to enroll. We also were not able to control for fatigue
symptoms in this cohort because of the absence of a longi-
tudinally collected fatigue measure. The prevalence of apathy
in this study (either 11% or 22% depending on NPI cutoff
score used) was lower than many previous studies. While this
could be related partly to the apathy measure (NPI), it is
important to note that recruitment was based on a conve-
nience sample rather than a systematic study, and thus, the
prevalence of apathy may have been underestimated, for ex-
ample, if those with apathy were less likely to want to engage
in a longitudinal study. However, we do not expect this to
significantly influence the longitudinal analyses that probed
the development of apathy in people already enrolled in the
study, while cross-sectional relationships were generally
aligned with previously published work, including neuroana-
tomical associations with apathy that were assessed in this
cohort in a recently published study.>® Reflecting the longi-
tudinal nature of our data collection (since 2007), our as-
sessment of apathy was based on the NPI apathy subscale, an
informant-derived measure that does not allow exploration of
putative components/dimensions of amotivation. However,
evidence suggests the NPI remains a robust—albeit crude—
measure of apathy. Nevertheless, repeating these analyses using
the same models and a more in-depth apathy measure in an-
other large, independent sample does remain an important next
step that would allow exploration of how these different di-
mensions change across time in people with PD.

Apathy remains one of the most significant nonmotor
symptoms associated with PD. In this study, we demonstrate
clearly that it can occur at any stage of disease, and its presence
is associated with a higher risk of mortality. Depressive
symptoms, cognitive impairment, worse motor symptoms,
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and possibly lower LED, all predict its subsequent de-
velopment, providing insights into mechanisms that may
drive loss of motivation and identifying potential therapeutic
or preventative targets for this debilitating problem.
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