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Abstract
Objective—Apathy is a common feature of Parkinson's disease (PD) that can manifest
independently of depression, but little is known about its natural progression in medically-
managed patients. The present study sought to characterize and compare trajectories of apathy,
depression, and motor symptoms in PD over 18 months.

Method—Data from a sample of 186 PD patients (mean disease duration of 8.2 years) followed
by the University of Florida Movement Disorders Center were obtained from a clinical research
database. Scores on the Unified Parkinson's Disease Rating Scale (motor portion), Apathy Scale,
and Beck Depression Inventory at three time-points (baseline, 6 months, 18 months) were
analyzed in a structural equation modeling framework.

Results—A multivariate growth model controlling for age, sex, education, and disease duration
identified linear worsening of both apathy (slope estimate = 0.73; p <.001) and motor symptoms
(slope estimate = 1.51; p <.001), and quadratic changes in depression (slope estimate = 1.18; p = .
07). All symptoms were positively correlated. Higher education was associated with lower apathy,
depression, and motor severity. Advanced age was associated with greater motor and apathy
severity. Female sex and longer disease duration were associated with attenuated motor
worsening. Antidepressant use was associated only with depression scores.

Conclusions—These longitudinal results support the differentiation of apathy and depression in
PD. Like motor progression, apathy progression may be linked at least partially to dopaminergic
neurodegeneration. Empirically-supported treatments for apathy in PD are needed.
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Parkinson's disease (PD) is an age-related neurodegenerative disorder characterized by the
loss of dopamine neurons in the midbrain. While PD was initially recognized as a purely
motor disorder producing resting tremor, rigidity, bradykinesia and postural instability, the
high prevalence of non-motor symptoms has led to its contemporary conceptualization as a
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neuropsychiatric disorder (Simuni & Sethi 2008). Non-motor symptoms of PD can include
depression, apathy, anxiety, psychosis, and sleep disturbance, among several others.

In PD, one of the major neuropathologic features is loss of dopaminergic input to the
striatum, which disrupts cortico-basal ganglia-thalamocortical circuits (Bar-Gad &
Bergman, 2001). The motor symptoms of PD result from dysfunction within the presumed
motor loop, which comprises primary motor cortex, putamen, lateral globus pallidus interna,
and the ventral lateral nucleus of the thalamus (Gibb, 1997). Parallel basal ganglia loops,
however, contain cognitive and affective information flow as well (Alexander, DeLong &
Strick, 1986; Middleton & Strick, 2000). The neurodegenerative process responsible for PD
may also affect these non-motor loops, many of which refine signals originating in
dorsolateral prefrontal, anterior cingulate, and orbitofrontal cortices. Dysfunction within
these systems, which partially rely on midbrain dopaminergic input, may underlie certain
cognitive and affective symptoms of PD (Obeso et al., 2008). However, there may be other
neuroanatomical and neurochemical pathways also responsible for dysfunction.

Depression is one of the most common non-motor features of PD, with average prevalence
rates in cross-sectional studies in PD reaching 40% in most populations (Brown &
Jahanshahi, 1995). The neurobiology of depression in PD is unclear, but one hypothesis
involves degeneration of mesolimbic structures of the dopaminergic system, including the
ventral tegmental area (VTA; Fibiger, 1984). The neuropatholophysiology of depression in
PD is likely more complex, as studies using transcranial sonography have linked PD
depression to morphological changes in non-dopaminergic brain regions (Becker et al.,
1997; Walter, Skoloudik & Berg, 2009). Further evidence that pathological changes extend
beyond those occurring within basal ganglia circuitry is the finding that the relationship
between depressive and motor symptoms in PD is not clearly linear (Brown & Jahanshahi,
1995). Several studies have shown that symptoms can worsen and remit over time, with
more severe symptoms at baseline predictive of potential depressive symptoms at follow-up
(Brown et al., 1988; Ravina et al., 2009; Starkstein et al., 1992).

Apathy refers to a lack of motivation and occurs in up to 60% of patients with PD (Leentjens
et al., 2008; Marin, 1991). While apathy is a common symptom of depression, it can also
manifest as an independent syndrome in up to 30% of patients with PD (Kirsch-Darrow et
al., 2006). In contrast to the more heterogeneous neuropathophysiology implicated in PD
depression, apathy has been consistently linked to fronto-striatal circuitry involving the
anterior cingulate cortex and the striatum (Hama et al, 2007; Lavretsky et al., 2007). For
example, patients with more severe apathy exhibit dopaminergic under-activity in the
ventral striatum (Remy et al., 2005). Higher levels of apathy are associated with more severe
parkinsonian motor symptoms in both PD and Alzheimer's disease (Oguru, et al., 2010;
Pedersen et al., 2010; Starkstein et al., 2009). However, the precise relationship between
clinical trajectories of motor and apathy symptoms in PD is unknown (Schrag, Jahanshahi &
Quinn, 2001).

To date, the course of these mood and motor symptoms in PD has not been examined
longitudinally using a sophisticated modeling technique. The purpose of the present study
was to compare the trajectories of motor, apathy, and depressive symptoms in a cohort of
patients with PD followed by a single movement disorders center. Given evidence for
stronger relationships between motor symptoms and apathy, as compared to depression, we
predicted that both motor and apathy symptoms would worsen linearly. In contrast, we
predicted non-linear changes in depressive symptoms based on prior studies suggesting a
more complex (e.g., non-dopaminergic) neuropathophysiology of PD depression.
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Method
Participants

The present sample included 186 individuals with idiopathic Parkinson's disease (PD) being
followed by the University of Florida (UF) Center for Movement Disorders and
Neurorestoration. Data were obtained from the IRB-approved UF INFORM clinical research
database. All patients with a diagnosis of PD who had completed apathy questionnaires
during at least three clinical visits (baseline, 6 months, 18 months) were included.
Completion of three apathy questionnaires was chosen as our primary inclusion criterion
because the routine administration of this questionnaire to all patients in our clinic was
initiated more recently than the routine administration of the depression questionnaire. This
criterion allowed us to gather the largest sample possible with the least amount of missing
data across the three symptom domains of interest. All clinical assessments were conducted
at the UF Movement Disorders Clinic, an outpatient tertiary-care center. Patients were
excluded for a history of: 1) a Parkinson plus syndrome, 2) neurological surgery, or 3)
significant neurologic illness other than PD (e.g., stroke). Participant characteristics at each
assessment, including the proportion of participants scoring above psychometric criteria for
clinically significant apathy or depression as described in the next session, are shown in
Table 1.

Measures
Parkinson's disease severity was quantified with the Unified Parkinson's Disease Rating
Scale, motor portion (UPDRS-III; Fahn, Elton & Committee, 1987). Depressive symptoms
were assessed at each occasion with the Beck Depression Inventory (BDI), which comprises
21 items on a 4-point Likert-type scale. Scores on this scale can range from 0 to 63, and a
cut-off of 14/15 indicates clinically-significant depression in PD (Visser et al., 2006).
Apathy was quantified with the Apathy Scale (AS), which comprises 14 items on a 4-point
Likert-type scale. Scores on this scale can range from 0 to 42, and a cut-off of 13/14 is
thought to reflect clinically-significant apathy (Starkstein et al., 1992).

Statistical Analysis
Data were analyzed in AMOS 17.0 with a special case of structural equation modeling often
referred to as latent growth curve (LGC) modeling. Missing data were handled using full
information maximum likelihood parameter estimation.1 Presented models carry the
assumption of homogeneity of error variance and dependence of errors within each domain
(i.e., motor symptoms, apathy or depression). The effects of different error structure
specifications (e.g., complete independence of errors) on model fit were examined.
Importantly, specifying errors differently had little effect on parameter estimates or their
pattern of significance.

A strength of LGC modeling is that it allows the study of multiple outcomes over time in a
multivariate framework. The overall level (i.e., intercept) and amount of change (slope) of
the each of the three symptoms (i.e., motor symptoms, apathy, depression) represented the
key parameter estimates. Additional information regarding parameter estimation in
multivariate LGC is available in the Appendix. Model fit was assessed with the following,
commonly-used statistics in this approach: chi square, Akaike information criterion (AIC),
root mean square error of approximation (RMSEA), and comparative fit index (CFI).

1Footnotes: The greatest amount of missing data was found in UPDRS scores at time 1. Mann-Whitney tests revealed that the 47
individuals for whom baseline motor scores were not available did not differ from the rest of the sample in age, disease duration,
education, or severity of mood symptoms (all p>.10). Similarly, the 24 individuals for whom BDI scores at the third occasion were not
available did not differ from the rest of the sample on any of these variables (all p>.10).
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Smaller values of chi square, AIC, and RMSEA (particularly values below .06) indicate
better model fit. Values of CFI that are close to 1 indicate better fit. Fit between nested
models was compared statistically using the chi square test.

Model building proceeded in three broad stages. First, the trajectories of the three variables
of interest were examined separately with unconditional growth models. Due to the lack of
previous studies examining the functional form of apathy progression in PD and reports that
depression does not change linearly in PD, the potential for a quadratic effect of time was
explored separately for all three symptom types. To do this, models that estimated only
linear change were statistically compared to those that estimated both linear and quadratic
change. In models that included only linear slopes, slope vectors for the three timepoints
(i.e., baseline, 6 months, 18 months) were: 0, 0.5, and 1.5. In models that included both
linear and quadratic slopes, orthogonalized slope vectors were computed by creating a set of
mean-centered linear slope loadings, regressing these centered loadings out of their squared
loadings and saving the residuals. Resultant centered, orthogonal slope vectors were: 1.67,
-0.17, 0.83 (linear) and 0.21, -0.32, 0.11 (quadratic). In this first stage, six separate
unconditional growth models were planned: 1) motor, linear slope only; 2) motor, linear and
quadratic slopes; 3) apathy, linear slope only; 4) apathy, linear and quadratic slopes; 5)
depression, linear slope only; 6) depression, linear and quadratic slopes. Model fit was
statistically compared between models within each domain (i.e., motor symptoms, apathy,
depression) in order to characterize the trajectory of each symptom type.

Second, these models were combined into a single, unconditional multivariate model, in
which obtained parameter estimates control for all others. For example, the estimate of
baseline levels of apathy (i.e., apathy intercept) in the unconditional multivariate model
controls for baseline levels of motor symptoms and depression. In this multivariate model,
correlations between initial levels of the three symptom types and changes in these
symptoms can be estimated. Third, four covariates (i.e., age, sex, education in years, and
disease duration in years) were added to the multivariate model. In this conditional
multivariate model, covariate effects on both the overall levels of symptoms (intercepts) as
well as on symptom change (slopes) were examined.

Results
In the following section, we present results from fitting the proposed LGC models to the
data separately for each of the three broad stages described above.

Unconditional latent growth curve models
Raw scores for motor symptoms, apathy, and depression at each time point are shown as
dashed lines with errors bars in Figure 1. A model that estimated quadratic change did not
significantly improve fit over a model that estimated both linear and quadratic change for
both motor symptoms (Δχ2(2)=-0.162, p>.05) and apathy (Δχ2(1)=-2.31, p>.05). Thus,
subsequent models included only linear slopes for these variables, which can be interpreted
as the constant rates of change over time.

For the depression variable, estimating quadratic change significantly improved fit over the
model that estimated only linear change (Δχ2(1)=-5.428, p<.05). However, the fixed effects
of the linear and quadratic slopes were not significant, suggesting that there were not
significant unique levels of linear and quadratic change in depression over time. A third
model estimating only quadratic change did not worsen model fit (Δχ2(1)=0.128, p>.05),
and the fixed effect of the quadratic slope in this model was significant (p=.02). For
parsimony, the final model estimated only quadratic change for depression, which can be
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interpreted as the change in the rate of change over time. Fit statistics for the three, best-
fitting univariate growth models are shown in Table 2.

In summary, the best-fitting, unconditional univariate growth models indicate that motor
symptoms and apathy both worsened linearly over the 18-month observation period. In
contrast, depressive symptoms improved and then worsened, suggesting quadratic change.

Unconditional multivariate latent growth curve model
The unconditional multivariate model, which estimated baseline levels and change in motor
symptoms, apathy and depression but did not include the exogenous variables of age, sex,
education and disease duration, is shown schematically in Figure 2. Model-estimated
trajectories for each symptom type are shown as solid lines in Figure 1. The unconditional
multivariate model provided the following fit statistics: χ2(27)=38.80 (p=.07); model
AIC=92.80 (saturated AIC=108.00, independence AIC=1079.34); CFI=.99; RMSEA=.05
(p>.05). Overall, these statistics indicate very good fit to the data. The model explained
between 71% and 74% of the variance in motor severity, between 62% and 63% of the
variance in measured apathy, but only 48% of the variance in measured depression across
the three occasions of measurement. Note that due to an identification error resulting from
an inability to estimate individual differences in depression trajectories (i.e., random effect
of the BDI quadratic slope), all reported values correspond to a subsequent model in which
this parameter was fixed to 0. Consequently, correlations between the BDI slope and the
other factors could not be estimated.

Mean initial scores (intercepts) on the UPDRS, AS and BDI were 28.7, 12.8, and 9.2,
respectively. There were significant individual differences in all three intercepts (p's<.001).
Correlations between these intercepts are shown in the upper panel of Table 3. Initial levels
of all symptoms were positively associated, indicating that higher levels of one symptom
were associated with higher levels of the other two.

The rates of change (slopes) in the UPDRS and AS were 1.5 and 0.7, respectively (p's<.
001). That these parameter estimates are positive and significant indicates that, on average,
patients experienced significant linear worsening of both motor symptoms and apathy over
the 18-month observation period. There were significant individual differences in the rate of
change in motor symptoms (p=.001), and there was a trend for individual differences in the
rate of change in apathy (p=.06). Thus, while change in these symptom types was linear on
average, there were differences in the individual trajectories experienced by different
patients.

The change in the rate of change in the BDI was 1.18 (p=.07). The positive effect of the
depression slope can be interpreted by examining the trajectory of BDI scores displayed in
Figure 1. Patients reported a slight decrease in depressive symptoms at the second
assessment and a gradual return to symptom levels similar to those reported at baseline.
Thus, while apathy and motor severity worsened linearly over the 18-month observation
period, depression improved and then worsened. As noted above, the multivariate model
was unable to estimate individual differences in the rate of change in depression, suggesting
that there was insufficient variability within the sample in depression trajectories.

As shown in Table 3 (upper panel), non-significant correlations between all three intercepts
and the UPDRS and AS slopes suggest that initial levels of any of the three symptoms were
not related to changes in motor or apathy symptoms over time. In other words, patients with
more motor symptoms or apathy were not more or less likely to experience more extreme
worsening over time. A medium-sized correlation between UPDRS and AS slopes suggests

Zahodne et al. Page 5

Neuropsychology. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



an association between motor severity and apathy over time; however, this correlation did
not reach significance (p=.16).

In summary, motor symptoms and apathy each worsened significantly and in a linear
fashion, even when controlling for the other two symptom types. There was a trend for
depressive symptoms to improve and then worsen when controlling for the other two
symptom types. A greater baseline level of any one symptom type was associated with
greater baseline levels in the other two, but baseline symptom levels were not associated
with the amount of change experienced in any of the symptoms over time. There was a trend
for an association between the rates of change in motor symptoms and apathy, suggesting
that not only are baseline levels of these symptoms correlated, but their trajectories may be
coupled.

Conditional multivariate latent growth curve model
Four predictors measured at baseline (i.e., age, sex, education in years, and disease duration
in years) were added to the multivariate model, as shown by the dashed lines in Figure 2.
Because unconditional (i.e., without predictors) and conditional models are not directly
comparable in overall measured variance, a transition model was built that did not allow the
four exogenous variables to predict the factors. In the transition model, all predictors were
allowed to correlate with one another. This model represents the poorest-fitting model that
includes variance related to the exogenous variables, to which the conditional model can be
statistically compared. Such a statistical comparison allows for a determination of whether
or not accounting for the covariates improves our understanding of the variables of interest
(motor symptoms, apathy, depression). The transition model provided the following fit
statistics: χ2(63)=126.38 (p<.001); model AIC=208.38 (saturated AIC=208.00,
independence AIC=1194.32); CFI=.94; and RMSEA=.07 (p<.05).

In the conditional multivariate model, the exogenous variables were permitted to predict the
factors, and these regression paths were estimated. The conditional model provided the
following fit criteria: χ2(43)=57.30 (p=.07); model AIC = 179.30 (saturated AIC = 208.00,
independence AIC = 1194.32); CFI=.99; and RMSEA=.04 (p=.65). Overall, these criteria
indicate excellent fit to the data, and a nested model comparison confirmed that allowing the
exogenous variables to predict the factors significantly improved the fit of the model
(Δχ2(20)=-69.08, p<.001).

Correlations between the factors in the unconditional model are shown in the lower panel of
Table 3. After controlling for the four covariates, levels of the three symptoms were still
positively correlated with one another. There was a large, positive correlation between
motor and apathy slopes that did not reach significance (p=.08).

Table 4 presents the regression path estimates separately for each of the three symptom
types. Note that all parameters were estimated within the single, multivariate model. As
shown, older age was significantly associated with worse baseline motor severity (p<.001),
and there was a trend for older age to be associated with worse baseline apathy (p=.09). Age
was not associated with baseline depressive symptoms or with the rates of change in motor
symptoms or apathy. Sex was not associated with baseline levels of any of the variables of
interest or with the rates of change in apathy. However, female sex was associated with
attenuation of the rate of change in motor symptoms (p=.02). Lower levels of education
were associated with higher levels of motor (p=.03), apathy (p<.001) and depressive (p<.
001) symptoms. Education was not associated with the rates of change in motor or apathy
symptoms. Longer disease duration was associated with greater baseline motor severity (p<.
01) but not with baseline levels of apathy or depression. There was a trend for longer disease
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duration to be associated with an attenuation of the rate of change in motor symptoms (p=.
07).

In the conditional multivariate model, the linear slopes of motor severity and apathy were no
longer significant, which suggests that the covariates explained an adequate amount of
variance in the rates of change in these variables, even though no single covariate was
independently associated with the apathy slope. There continued to be a trend for the
quadratic slope of depression similar to that in the unconditional model (p=.06), but it
should be noted that relationships between the covariates and changes in depression could
not be estimated due to the lack of significant individual differences in the depression slope
noted above.

The effect of antidepressant use was explored with a dichotomous time-varying covariate
indicating the use/non-use of antidepressants at each occasion. Because this variable was
centered at the first occasion, its values at the second and third occasions correspond to the
initiation, maintenance, or discontinuation of an antidepressant. These variables were
allowed to predict corresponding occasions of all three variables of interest (UPDRS, AS,
and BDI) and were allowed to correlate with all other predictors. Inclusion of antidepressant
use at each occasion yielded the following model fit statistics: χ2(62)=127.71 (p<.001);
model AIC=307.71 (saturated AIC=304.00, independence AIC=1383.83); CFI=.95; and
RMSEA=.08 (p<.05). Initiation of an antidepressant was associated with an increase in BDI
of approximately 1.61 points at time 2 (p<.05). No other regression paths were significant.
There was no longer a trend for a BDI slope, suggesting that inclusion of antidepressant
regime significantly explained the quadratic change in depressive symptoms.

In summary, accounting for covariates of age, sex, education and disease duration improved
the fit of the model. Controlling for these variables, baseline levels of all three symptom
types remained correlated. The trend for coupled changes in motor symptoms and apathy
also remained. Older age was associated with greater motor and apathy severity, and lower
education was associated with greater severity of all three symptom types. Female sex was
associated with attenuated motor worsening. Longer disease duration was associated with
greater motor severity but attenuated motor worsening. Accounting for antidepressant use
eliminated the trend for quadratic change in depressive symptoms, but antidepressant use
was unrelated to motor symptoms and apathy.

Discussion
The present study supports linear worsening of both motor and apathy symptoms over 1.5
years in moderate, medically-managed PD. In contrast, depressive symptoms evidenced both
improvement and worsening over the study period. The divergent trajectories for apathy and
depression, as well as the divergent relationships between these mood states and variables
such as antidepressant use and age, provide further evidence for the separability of these
neuropsychiatric states in PD. Baseline levels of mood and motor symptoms were highly
correlated, likely reflecting global disease severity.

In addition to similarity in the functional forms of motor and apathy progression, there was a
medium-sized correlation between their slopes. This finding suggests that motor severity
and apathy may increase together over time. While this relationship did not reach
significance, detecting correlated change in a multivariate latent growth curve model
framework is known to be extremely difficult. It has been suggested that studies using these
models often fail to detect correlated change because of low power rather than a lack of
relationship between variables (Hertzog, Lindenberger, Ghisletta & Oertzen 2006). Thus, it
remains a strong possibility that motor and apathy symptoms of PD travel together over
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time, perhaps due to analogous dopaminergic neuropathophysiologies involving the dorsal
and ventral striatum, respectively.

The observation that patients with PD endorse fewer symptoms of apathy when assessed on
versus off their normal dopaminergic medications suggests that apathy may be at least
partially dopamine-mediated (Czernecki, et al., 2002). In addition, several case series as well
as at least one randomized control trial have suggested that drugs with dopamine-stimulating
properties, such as methyphenidate (Hermann et al., 2008; Watanabe et al., 1995),
amantadine (Andersson et al., 1992), bupropion (Corcoran, Wong & O'Keane, 2004), and
bromocriptine (Powell, al-Adawai, Morgan & Greenword, 1996), improve apathy and
related disorders of motivation.

In contrast, the functional form of the depression slope was dissimilar to that of motor
severity, which may reflect differences in their underlying neuropathophysiologies. Indeed,
substantial evidence exists to suggest that the neuropathophysiology of depression in PD
involves non-dopaminergic systems. One hypothesis implicates reduced serotonergic
activity, which has been identified in the cerebrospinal fluid of PD patients (Mayeux, Stern,
Cote & Williams, 1984). Serotonergic reduction may represent a compensatory mechanism
for striatal dopamine depletion, as serotonin is known to inhibit the release of dopamine in
the striatum normally (Mayeux, 1990). In studies using transcranial sonography, depression
in PD has been associated with morphological alteration of serotonergic projections from the
superior central nucleus and the dorsal raphe nucleus, as well as of noradrenergic fibers from
the locus coeruleus (Becker et al., 1997; Walter, Skoloudik & Berg, 2009).

In this study, older age was associated with worse motor and apathy symptoms at baseline,
although the latter association was at trend. While apathy worsening may result from the
underlying neurodegenerative process, it may also reflect “normal” age-related changes in
the neural system. A recent longitudinal study reported that apathy worsens over time in
healthy older adults (Brodaty, Altendorf, Withall & Sachdev, 2010). The magnitude of
apathy worsening identified in that study is not directly comparable to the present results
due to different measurement instruments (AS vs. the Apathy Evaluation Scale), different
sampling procedures, and age differences. Patients in the present study were four years
younger at baseline, on average. Despite this younger age of the present sample, the rate of
apathy worsening appears to be somewhat greater than that reported for healthy older adults.
Specifically, Brodaty et al. (2010) reported an average yearly increase on the AES of .92
points (1.7% total score), while the 12-month change (time 2 to time 3) in the present study
was 1 point on the AS (2.4% total score).

A low level of education was associated with higher levels of all symptoms. Previous studies
have demonstrated a similar relationship between education and several non-motor aspects
of Parkinson's disease, including depression (Klepac & Trkulja, 2009), psychosis and sleep
disturbance (Cohen et al., 2007), as well as between education and health-related quality of
life (Carod-Artal, Vargas & Martinez-Martin, 2007; Cubo, et al., 2002). In this study, the
slope of motor changes was attenuated by female sex and longer disease duration. These
findings are in line with reports that the clinical progression of PD is more rapid during the
earlier stages of the disease and with the potential protective effect of estrogen (Schrag, et
al., 2007; Bourque, Dluzen & Di Paolo, 2009).

There was some evidence that the quadratic slope for depression related to changes in
depressive treatments during the period of observation. Specifically, the initiation of
antidepressants at six months was associated with higher BDI scores, and accounting for
antidepressant regime eliminated the quadratic effect of depressive symptoms. With the
current data, it cannot be ruled out that depressive symptoms would also have worsened
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linearly in the absence of antidepressants. However, the fact that depressive symptoms
exhibited different relationships with variables indexing age and antidepressant use than did
apathy argues against the possibility that apathy and depression reflect the same
neuropsychiatric state. The use of antidepressants was unrelated to apathy or motor
symptoms. The lack of relationship between antidepressant use and apathy seems to support
reports that symptoms of apathy may not respond to depression treatments in the same way
as do depressive symptoms. Rather, certain antidepressants (i.e., selective serotonin reuptake
inhibitors) may even worsen apathy (Barnhart, Makela & Latocha, 2004; Wongpakaran et
al., 2007). However, we did not find an association between antidepressant initiation and
apathy worsening during our 1.5 year study period.

While the changes in motor functioning and apathy observed over our relatively short study
period were small, their linear increases over this period were statistically significant. The
detection of significant changes over such a small time period highlights the potential
magnitude of physical and psychological alterations endured by patients who live with PD
for 10-20 years, on average. In this study, we found that 43% of patients reported
experiencing clinically-significant apathy at baseline. After only 18 months, an additional
10% of patients had transitioned to experiencing clinically-significant apathy. In contrast,
only 18% of patients reported experiencing clinically-significant depression at baseline, and
an additional 3% had transitioned after 18 months, perhaps as a result of increased use of
antidepressants in the sample. These statistics emphasize the need for empirically-supported
treatments for apathy in PD, for which there are none at present.

A limitation of the present study is its inability to estimate the effects of covariates on the
rates of change in the mood variables. Future studies should endeavor to obtain larger
samples in order to more fully explore the effects of patient characteristics and clinical
covariates on the trajectories of mood symptoms in PD. A prospective design in which
participants are followed and drop-out is accounted for would be a stronger methodology. In
addition, the present study did not account for cognitive dysfunction, which is relatively
common in PD and has been associated with mood disturbances and greater motor
impairment. In the future, longitudinal studies designed to assess mood, motor and cognitive
functioning over time would improve our understanding of the progression of a greater
constellation of symptoms. A major strength of this study was its use of sophisticated
statistical modeling based on three occasions of measurement, in which levels of the three
variables of interest are controlled for in the estimation of all effects.

In conclusion, the present study provides evidence for a tighter coupling of apathy and
motor symptoms than of depression and motor symptoms in medically-managed PD. Future
research is necessary to determine the relationship between the progression and underlying
neuropathophysiologies of these symptoms in PD.
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Appendix
In the present study, if Yit is assumed to represent the three repeated assessment measures of
a variable (e.g., apathy), where i represents each observed individual in the study and t
represents the time-ordered measurements, a simple longitudinal model equation for
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describing an individual's development over the repeated measurements (i.e., level 1 or
within-person model) is:

(1)

where αyi is the initial status measured at baseline (i.e., intercept) of an individual's change
trajectory, and βyi is the slope of the change trajectory. The parameter λt represents the
measured time points, and εit represents the model residual for each individual. Because αyi
and βyi are random variables, these model parameters can be represented by a group mean
intercept (μαy) and mean slope (μβy) plus the components of individual intercept (ζαyi) and
slope (ζβyi) variation, as shown in the following model equations for which sample-based
estimates are obtained:

(2)

(3)

When time-varying covariates are considered both as a separate model and incorporated into
the initial latent change model, the model is commonly referred to as a multivariate latent
growth curve model. The relationships between the three repeatedly- measured variables
(motor severity, apathy, and depression) are related to one another via the factors of each
measured variable and are based on the covariance structure of the level 2 models.
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Figure 1.
Change trajectories for motor symptoms, apathy, and depression. Dashed lines correspond to
mean raw scores at each time-point. Solid lines represent trajectories estimated by the
unconditional multivariate model. UPDRS=Unified Parkinson's Disease Rating Scale.
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Figure 2.
Schematic representation of the multivariate latent growth curve model. Dashed lines
represent paths included only in the conditional model. Relationships involving the BDI
slope were not estimated due to the model's inability to estimate random variance in the
factor. UPDRS=Unified Parkinson's Disease Rating Scale. AS=Apathy Scale. BDI=Beck
Depression Inventory.
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