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Abstract

Objective: Greater depressive symptoms are associated with worse cognitive functions in 

Parkinson’s disease (PD); however, it is unclear what underlying factors drive this association. 

Apathy commonly develops in PD and may be a pathway through which depressive symptoms 

negatively influence cognition. Prior research examining depressive symptoms, apathy, and 

cognition in PD is limited by being predominantly cross-sectional. This study examined the role 

of apathy as a within- and between-person mediator for the longitudinal relationships between 

depression severity and cognitive functioning in patients with early PD.

Methods: Participants included 487 individuals newly diagnosed with PD followed annually 

for up to 5 years by the Parkinson’s Progression Marker Initiative. At each visit, participants 

completed depressive symptom measures, apathy ratings, and cognitive tests. Multi-level structural 

equation models examined both the within- and between-person effects of depressive symptoms 

on cognition through apathy, controlling for demographics and motor severity.

Results: At the within-person level, apathy mediated the association between depressive 

symptoms and select cognitive functions (global cognition, attention/working memory, 

visuospatial functions, and immediate verbal memory; indirect effects, bootstrap p’s < 0.05). 

Significant between-person direct effects were found for depressive symptoms predicting apathy 
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(boostrap p < 0.001) and lower scores on most cognitive tests (bootstrap p’s < 0.05). However, the 

indirect effects did not reach significance, suggesting between-person mediation did not occur.

Conclusions: Findings suggest worsening of depressive symptoms over time in patients with PD 

may be a risk factor for increased apathy and subsequent decline in specific cognitive functions.
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Objective

Parkinson’s disease (PD) is a progressive neurodegenerative disorder resulting from the loss 

of dopamine neurons in the substantia nigra pars compacta1. While PD is best characterized 

by its motor symptoms, non-motor features (including psychiatric symptoms and cognitive 

dysfunction) are also prominent due to disruption of shared cortico-striatal-thalamo-cortical 

pathways2. Changes in mood (i.e., depression) may be one of the earlier symptoms heralding 

progression of PD3 and later risk of developing apathy4. Apathy, defined as a disturbance 

in motivation leading to reduced goal-directed behavior, typically presents slightly later in 

the disease course relative to other mood symptoms and tends to become more prominent 

as the disease progresses4 (but also see Martinez-Horta et al. [2013]5 and Funkiewiez et al. 

[2004]6, who show apathy in early and advanced PD, respectively, not being associated with 

depressive symptoms or cognitive decline).

PD is typically characterized by a pattern of executive dysfunction on neuropsychological 

testing7, though there is heterogeneity across affected cognitive domains and in rate of 

progression. Depression and apathy can independently occur in PD, but their overlap with 

one another and cognitive dysfunction is common8–10. Several cross-sectional studies show 

that depressive symptoms and apathy have unique relationships with cognition in PD, such 

that apathy is related to worse cognitive efficiency and executive functions, while depression 

is negatively associated with delayed recall11–13. When both depressive symptoms and 

apathy are present, they predict worse cognitive performance relative to either syndrome 

alone14. With respect to longitudinal findings, depression severity, but not apathy, is related 

to cognitive decline in PD15,16. Despite studies investigating the independent and combined 

effects of these mood symptoms on cognition, there is limited research investigating the 

underlying mechanisms of these relationships in PD.

In non-PD older adults, depression is associated with poor executive functions and 

greater executive dysfunction is reported in the context of prominent apathy17. These 

results parallel findings in PD and it is hypothesized that age- and depression-related 

changes to dopamine receptor functioning and dopamine depletion affecting fronto-striatal 

networks may drive these relationships18. In an attempt to better understand potential 

mechanisms underlying behavioral influences to depression-cognition relationships, Funes 

and colleagues19 investigated whether apathy mediated the association between depression 

severity and cognition in older adults with depression. They found that apathy significantly 

mediated cognitive control performance, but not delayed recall. Although cross-sectional, 
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this study highlights that the presence of apathy may be an important underlying factor 

in these relationships, particularly for frontally-mediated cognitive functions and perhaps 

indicative of greater fronto-subcortical structural and functional changes17.

While these cross-sectional and longitudinal studies show that depressive symptoms 

and apathy are linked to worse cognitive functions in PD and that apathy mediates 

the relationship between depressive symptoms and select cognitive functions in non-PD 

older adults, it is unclear whether apathy mediates the relationship between depressive 

symptoms and cognition over time in PD. As mood symptoms in PD may occur before 

cognitive dysfunction3 and apathy tends to develop with disease progression4, we examined 

both within- and between-person associations between depressive symptoms, apathy, and 

cognitive functions using a multilevel structural equation model approach in a de novo PD 

sample followed for up to 5 years. Specifically, we hypothesized that apathy would mediate 

relationships between depressive symptoms and attention/working memory, processing 

speed, and immediate verbal memory (and not other cognitive functions) at the within-

person and between-person levels, given shared fronto-subcortical neural circuitry. Our 

previous work has shown that depressive symptoms predict future cognitive decline in de 

novo PD, but not vice versa15, supporting the directionality of our models (but also see 

Petkus et al., [2019]20 for alternative findings).

Methods

Participants

Data were obtained from the Parkinson’s Progression Markers Initiative (PPMI; www.ppmi-

info.org/data), which is a longitudinal, multi-site observational clinical study across the 

United States and Europe of newly diagnosed (two years or less), untreated PD adults. The 

current sample included 487 de novo PD adults who were followed annually (at 1-year 

intervals) for up to 5 years (baseline, 1st, 2nd, 3rd, 4th, and 5th visits). Briefly, participants 

completed motor severity and apathy ratings, self-report measures, and cognitive tests at 

each visit. More comprehensive details of the study have been published elsewhere21. 

The Institutional Review Board at each site approved the study (in accordance with the 

Declaration of Helsinki) and participants provided informed consent prior to any study 

procedures. The parent study is registered at ClinicalTrials.gov (NCT01141023).

Measures

Depressive Symptoms—Depressive symptoms were assessed via the 15-item Geriatric 

Depression Scale (GDS-15)22, a self-report questionnaire whereby participants rate the 

presence of depressive symptoms over the previous week in a yes/no format. Total scores 

range from 0 to 15, with a score of 5 or more indicating clinically significant depressive 

symptoms. This cut-off has been validated in individuals with PD23 and is recommended for 

use to screen depressive symptoms in PD due to minimal overlap of individual items with 

motor symptoms24.

Apathy—A single-item (item 5) from the Movement Disorder Society – Unified 

Parkinson’s Disease Rating Scale (MDS-UPDRS)25 was used to assess apathy severity. 
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The MDS-UPDRS is a physician-rated scale, with scores ranging from 0 to 4 on the apathy 

item (higher scores equating to greater symptoms). While other studies have used the 3-item 

“apathy” subscale within the GDS-15 to assess apathy severity in older adults26,27 and in 

advanced PD28, we previously found that such items do not adequately assess apathy in de 

novo PD29. More specifically, these three items did not load on to their own “apathy” factor 

in the PPMI sample, but rather loaded on to two separate factors: one (‘dropped activities 

and interests’) with other items reflecting “dysphoria” and the other two (‘prefers to stay 

at home’ and ‘low energy’) into their own factor. As such, the assessment of apathy in the 

current study was limited to the MDS-UPDRS apathy item, which we have used in previous 

studies15 and is considered an appropriate apathy screening measure in PD by the Movement 

Disorder Society30.

Cognition—Participants underwent annual neuropsychological testing. The following 

cognitive domains were assessed21: attention/working memory (Letter Number Sequencing 

[LNS]), processing speed (Symbol Digit Modalities Test [SDMT]), category fluency 

(Animals), visuospatial functioning (Judgment of Line Orientation [JOLO]), immediate 

verbal memory (Trials 1–3 on Hopkins Verbal Learning Test-Revised [HVLT-R]), and 

delayed verbal memory (delayed recall on HVLT-R). Raw values for each measure were 

used in these analyses. A global cognition composite was also calculated by averaging the 

normative/demographically adjusted z-scores for the above-mentioned cognitive tests for 

each participant at each year.

Statistical Analyses

Given the nested structure of the data (time points within individuals), multi-level structural 

equation models (MSEM) were conducted using AMOS31 following the guidelines provided 

by Preacher et al.32. MSEM allows time-varying variables to be decomposed at both the 

within- and between-person levels, countering conflation of the within- and between-person 

variance. This allows for separate evaluation of longitudinal/linear changes over time 

(i.e., intraindividual variability; within-person effects) and differences between individual 

averages (i.e., individual differences; between-person effects). See Supplemental Figure 1 

for depiction. Specifically, analyses estimated the indirect effects of depressive symptoms 

on individual cognitive scores (i.e., attention/working memory, processing speed, category 

fluency, etc.) mediated by apathy, as well as the direct effects of depressive symptoms 

on individual cognitive scores. A separate model was conducted for each cognitive score, 

resulting in a total of seven models. For all models, the cognitive score was entered as the 

dependent variable, depressive symptoms were entered as the predictor, and apathy as the 

mediator. Age at baseline, education, gender, and motor severity (as measured by the MDS-

UPDRS – Part III, where higher scores reflect greater motor severity) were also included in 

the models as covariates, with only motor severity considered as a time-varying covariate. 

For the global cognition model, as global cognition was calculated from demographically-

corrected neuropsychological scores, demographics (i.e., age, education, and gender) were 

not included in the model. Given that all participants in PPMI are newly diagnosed, disease 

duration was not included as a covariate (as previous studies have reported average disease 

duration in the baseline PPMI sample to be 6.7 months33).
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As recommended by Hayes34 and Preacher et al.32, indirect effects were calculated through 

the computation of the products of a * b (a = coefficient estimate of the relationship between 

the independent and mediating variables, b = the coefficient estimate of the association 

between the mediating and outcome variables). As some of the intercepts and slopes of 

the variables were not normally distributed (i.e., skewed), 2,000 iterations of bootstrapped 

samples35–37 was implemented to obtain more stable and valid standard errors of the 

indirect effects. Bootstrapping uses a bias-corrected percentile method to calculate the 95% 

confidence intervals (resulting in an asymmetric confidence interval from the 2.5% and 

97.5% quantiles of the distribution). Effect sizes were determined via the standardized 

coefficients, with values > 0.6 considered as large effects38.

Results

Participant Characteristics

Demographics and clinical characteristics at baseline are presented in Table 1. Briefly, the 

sample had a mean age of 61.07 years (range 33 to 84 years) and some college education, 

with majority of the participants being male and Caucasian. On average, motor symptoms 

were mild and depressive and apathy symptoms were minimal at baseline.

Multi-level Structural Equation Models

Standardized coefficients for within- and between-person mediation pathways are depicted 

in Figures 1–4 for statistically significant cognitive variables. Supplemental Table 1 includes 

values for the other (non-significant) cognitive variables.

Within-Person Effects.—As shown in Figures 1–4, after accounting for covariates, 

apathy significantly mediated the relationship between depressive symptoms and global 

cognition (standardized estimate = 1.85, bootstrap SE = 1.80, bootstrap p = 0.001), 

attention/working memory (standardized estimate = 1.34, bootstrap SE = 1.86, bootstrap 

p = 0.002), visuospatial functions (standardized estimate = 0.67, bootstrap SE = 1.28, 

bootstrap p < 0.05), and immediate verbal memory (standardized estimate = 1.63, bootstrap 

SE = 2.06, bootstrap p = 0.003) at the within-person level (indirect effects), all with 

large to very large effect sizes (ranging from 0.67 to 1.85). Those who experienced 

higher depressive symptoms also experienced more severe apathy, which was associated 

with lower scores in select areas of cognition. The within-person direct effect between 

depressive symptoms and these cognitive functions did not reach statistical significance, 

suggesting apathy mediated these associations. For the other cognitive functions (i.e., 

processing speed, category fluency, and delayed verbal memory), the within-person indirect 

effects for apathy as a mediator between depressive symptoms and these tasks were not 

statistically significant (Supplemental Table 1). Overall, the within-person direct effect 

between depressive symptoms and apathy was significant, as were the main effects of motor 

severity for certain cognitive functions. As motor severity worsened, lower scores were 

evident on global cognition and tasks of attention/working memory and processing speed.

Between-Person Effects.—Apathy did not mediate the relationship between depressive 

symptoms and any cognitive functions at the between-person level (indirect effects; Figures 
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1–4 and Supplemental Table 1). On average, depressive symptoms were associated with 

higher apathy and lower scores across most cognitive tasks (except visuospatial functions 

and animal fluency). Apathy was not associated with any cognitive functions. Significant 

effects of age, education, gender, and motor severity were found. Older age was associated 

with lower scores on attention/working memory, visuospatial functions, and delayed 

verbal memory. Higher education was associated with better cognitive functions across all 

measures, with the exception of animal fluency (direction of the relationship was reversed). 

Females had lower scores on most cognitive tasks, with the exception of visuospatial 

functions (significantly better than males). Higher motor severity was associated with lower 

cognitive scores (with the exception of delayed verbal memory).

Conclusions

The current study revealed that apathy mediated within-person, longitudinal associations 

between depressive symptoms and multiple aspects of cognition (global cognition, attention/

working memory, visuospatial functions, and immediate verbal recall) over a 5-year period 

among adults with newly diagnosed PD, with large to very large effect sizes. Apathy did 

not mediate these associations at a between-person level, nor did apathy mediate within-

person associations between depressive symptoms and processing speed, category fluency, 

or delayed verbal recall. This study is the first to investigate apathy as a mediating factor 

between depressive symptoms and cognition over time in de novo PD and has implications 

for mood and cognitive intervention in patients with PD.

There is high comorbidity between non-motor neuropsychiatric symptoms in PD8. It has 

been difficult to disentangle the unique effects of depression and apathy on cognition in 

PD, in part due to previous studies investigating either depression or apathy alone. There 

are few longitudinal studies investigating these constructs simultaneously in PD and findings 

generally show stronger relationships between depressive symptoms (and not apathy) with 

cognitive functions15,16. In lagged models, Jones et al.15 found evidence of a unidirectional 

relationship (i.e., changes in depressive symptoms preceding changes in cognition). Our 

findings add to this literature, suggesting that changes in apathy at each occasion explains 

the within-person relationship between depressive symptoms and select cognitive functions. 

Some of the largest effects in this study involved attention/working memory and immediate 

verbal recall, which were consistent with our hypothesis, and may reflect the shared 

fronto-subcortical neural circuitry between depressive symptoms, apathy, and these cognitive 

functions.

Interestingly, our within-person results demonstrated a significant relationship (and large 

effect) with visuospatial functions. While PD is primarily thought to involve fronto-

subcortical processes (influencing both mood/apathy and cognition), a dual syndrome 

hypothesis has been proposed39, whereby the frontal lobe is related to executive functions 

(including working memory) and the posterior brain is related to visuospatial and memory 

functions. This delineation seems to map on to progression of cognitive symptoms in PD, 

with anterior deficits related to mild cognitive impairment (PD-MCI) and posterior deficits 

related to dementia (PDD) and presumed cholinergic involvement39. It may be that a subset 

of individuals in the current study will go on to develop dementia, given the current findings; 
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however, this remains to be seen. It is important to highlight that the visuospatial measure 

used in the current study was the JOLO, which shows relationships with both prefrontal and 

parietal-occipital brain activation40,41. In this context, difficulties on this task may actually 

be representative of attention or executive dysfunction and not visuospatial functions, per se. 

More research on this measure and hypothesis, as well as relationships with other non-motor 

symptoms in PD, is needed.

At the between-person level, the indirect effect of depressive symptoms on cognition 

through apathy was non-existent across all of the cognitive tasks. We did, however, find 

significant depressive symptom and apathy relationships (on average) and greater depressive 

symptoms were associated with worse scores across most cognitive tasks, on average 

(except for visuospatial functions and category fluency). Apathy was not associated with any 

cognitive tasks, nor was it a significant mediator. These findings are consistent with other 

research showing significant depression – cognition relationships in PD13. However, the 

non-significant apathy – cognition findings are in contrast with literature showing significant 

relationships between apathy and cognitive efficiency and executive functions11,12. While a 

cross-sectional study in non-PD older adults did find that apathy mediated the relationship 

between depression and cognitive control19, the current study did not show analogous 

findings. This may be reflective of our sample, which includes a relatively young, newly 

diagnosed PD cohort with fairly low baseline levels of depressive symptoms and apathy 

as a whole. Moreover, O’Laughlin and colleagues42 demonstrated that cross-sectional and 

longitudinal mediation models may lead to different estimates, as well as interpretation, 

particularly for processes thought to unfold over time (such as neuropsychiatric symptoms 

in the context of a neurodegenerative disorder). This may be particularly relevant for the 

current study, given that apathy tends to become more prominent with disease progression4. 

These findings may also be related to the apathy measure used in the current study (i.e., 

single apathy item rather than use of an apathy scale) and/or limited executive function tasks 

in the current cognitive battery. While speculative, it may also be the case that the between-

person terms (average scores) reflect longstanding apathy/depression/cognitive inefficiencies 

that pre-date the PD diagnosis and the within-person terms (longitudinal changes) may 

better reflect changes in apathy/depression/cognition secondary to the “new” PD pathology.

The present study has clinical significance at the individual level, whereby the increase 

in apathy explains the relationship between depressive symptoms and select cognitive 

functions. Given that apathy serves as a within-person mediator, early inventions aimed 

at reducing apathy and/or increasing behavioral activation and goal-setting may help to 

reduce the negative association between depressive symptoms and cognitive dysfunction. 

In a recent review by Goldman et al.43, exercise, cognitive and nutritional interventions, 

and caregiver support were all proposed as possible non-pharmacological treatments for 

cognitive decline in PD. These interventions may also reduce depressive symptoms and 

apathy, and thereby influence cognition. Other interventions aimed at targeting the cognitive 

control network (e.g., neuroplasticity-informed computerized cognitive remediation) shown 

to benefit non-PD adults with depression44 and non-invasive neuromodulation focusing on 

depressive and apathy symptoms45 may prove beneficial in this population.
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While outside the scope of the current study, the neural mechanisms underlying mood 

and cognitive symptoms in PD are complex, but may overlap. Dujardin and Sgambato46 

recently completed an in-depth review on the role of dopamine and non-dopamine systems 

in neuropsychiatric symptoms in PD. Depression in PD is likely due to multiple factors (e.g., 

genetic, inflammatory), including the loss of dopamine in mesocortical and mesolimbic 

pathways, along with noradrenaline and serotonin dysfunction, Apathy, on the other hand, 

seems to be the result of mesolimbic dopamine loss, though there is also evidence to 

suggest the role of serotonin in apathy in early PD. Cholinergic denervation may serve as 

a possible mechanism underlying both depression and apathy’s relationship with cognitive 

decline. Moreover, there appears to be separate neural signatures for depression and apathy 

in PD47, with depression predicting increased and apathy predicting decreased functional 

connectivity between frontal, subcortical, and temporal regions. There also appears to be a 

role for white matter architecture influencing depression – apathy – cognition relationships 

in PD48, which may contribute to the different motor and non-motor phenotypes.

Although the current study sheds light on a potential mediator of the relationship between 

depressive symptoms and cognition in PD, there are some limitations worth mentioning. 

The current sample is quite homogenous with respect to ethnicity and, to a lesser 

extent, gender. Thus, the generalizability of these findings to other ethnicities is limited. 

Future investigations may examine the mediational effects of apathy in more ethnically 

representative samples, as well as the effect of gender, as prior research in non-PD 

depressed older adults19 found depression-apathy-cognition relationships to be particularly 

salient in women. Further, formal diagnosis of depression was not made in the current 

study and thus results cannot be extrapolated to PD patients with psychiatric diagnosis 

of depression. Antidepressant use was purposefully not included in our models, as those 

with greater depressive symptoms are more likely to be on antidepressants, therefore 

removing much of the variance we were attempting to explain. Moreover, there is evidence 

to suggest that neither antidepressant use nor placebo are associated with improving or 

worsening of cognitive functions in PD over 8–24 weeks49, thus supporting our rationale 

for not controlling for antidepressant use, though this may be explored in future studies 

using the PPMI sample. Additionally, the apathy measure used in the current study 

came from a single item on the MDS-UPDRS and other studies have used specific 

apathy measures with a greater range of scores (i.e., Apathy Scale, Apathy Evaluation 

Scale), which may have influenced our current findings. Analyses were also limited in 

scope with respect to the neuropsychological measures, acknowledging that there were 

single to few measures to assess specific cognitive domains and the absence of certain 

components of executive functioning (e.g., task-switching, inhibition, problem-solving). 

More comprehensive cognitive assessment, including both neuropsychological measures and 

experimental paradigms, may improve model fits and the use of more experimental designs 

will increase the ability to draw conclusions about casual relationships. Finally, the current 

study did not investigate apathy as a transitional state between depressive symptoms and 

cognitive functioning, given the short interval between assessments, and future research 

using cross-lagged models with longer durations between assessments (e.g., baseline, year 5, 

and year 10) may be beneficial.
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In conclusion, our findings extend previous work by examining an indirect path of 

depressive symptoms to cognitive functioning through apathy. Depression-cognition 

relationships are complex and the current study delineated one possible pathway influencing 

these associations at the within-person level, but not at the between-person level (i.e., 

cross-sectionally). Results aim to inform development of clinical interventions for improving 

cognition in adults with PD, in the context of their heightened risk of developing depressive 

symptoms and apathy along their disease trajectory.

Supplementary Material
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Highlights

• What is the primary question addressed by this study? In Parkinson’s 

disease (PD), both depressive symptoms and apathy can negatively affect 

cognition; however, these relationships are complex and research on 

underlying mechanisms are limited.

• What is the main finding of this study? After covariate adjustment, 

we found an indirect, within-person path of depressive symptoms to 

cognition through apathy. Between-person mediation did not reach statistical 

significance.

• What is the meaning of the finding? Disentangling within-person 

longitudinal depression-apathy relationships on cognition is clinically 

relevant, as it has implications for mood and cognitive intervention in patients 

with PD.
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Figure 1. 
Multi-level structural equation mediation models of depressive symptoms on global 

cognition through apathy. Standardized coefficients are reported. Dep Sx = depressive 

symptoms; Global Cog = global cognition (assessed via normed composite of cognitive 

measures); Motor Sx = Motor symptoms. Model fit: chi-square = 739.53, df = 264, p < 

0.001; Root Mean Square Error of Approximation [RMSEA] = 0.61; Comparative Fit Index 

[CFI] = 0.95; Normed Fit Index [NFI] = 0.92.
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Figure 2. 
Multi-level structural equation mediation models of depressive symptoms on attention/

working memory through apathy. Standardized coefficients are reported. For simplicity, 

baseline age, gender, and education covariates are not depicted. Dep Sx = depressive 

symptoms; Attn / wm = attention/working memory (assessed via Letter-Number 

Sequencing); Motor Sx = Motor symptoms. Model fit: chi-square = 813.94, df = 333, p 
< 0.001; Root Mean Square Error of Approximation [RMSEA] = 0.06; Comparative Fit 

Index [CFI] = 0.94; Normed Fit Index [NFI] = 0.91.
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Figure 3. 
Multi-level structural equation mediation models of depressive symptoms on visuospatial 

functions through apathy. Standardized coefficients are reported. For simplicity, baseline 

age, gender, and education covariates are not depicted. Dep Sx = depressive symptoms; 

Visuospatial = visuospatial functions (assessed via Judgment of Line Orientation); Motor Sx 

= Motor symptoms. Model fit: chi-square = 800.31, df = 333, p < 0.001; Root Mean Square 

Error of Approximation [RMSEA] = 0.05; Comparative Fit Index [CFI] = 0.94; Normed Fit 

Index [NFI] = 0.90.
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Figure 4. 
Multi-level structural equation mediation models of depressive symptoms on immediate 

verbal memory through apathy. Standardized coefficients are reported. For simplicity, 

baseline age, gender, and education covariates are not depicted. Dep Sx = depressive 

symptoms; Immed. Mem = immediate verbal memory (assessed via total correct on trials 

1–3 of the Hopkins Verbal Learning Test – Revised); Motor Sx = Motor symptoms. Model 

fit: chi-square = 834.60, df = 333, p < 0.001; Root Mean Square Error of Approximation 

[RMSEA] = 0.56; Comparative Fit Index [CFI] = 0.93; Normed Fit Index [NFI] = 0.89.
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Table 1.

Baseline characteristics (n = 487).

Mean SD Range

Age 61.07 9.70 33 – 84

Education 15.48 3.10 5 – 26

% Male 65.10 -- --

% Caucasian 95.00 -- --

UPDRS-III Motor 20.03 9.20 2 – 51

GDS-15 2.46 2.60 0 – 14

Apathy 0.46 0.60 0 – 3

Global Cognition 0.01 0.60 −1.8 – 1.4

LNS 10.49 2.67 2 – 20

SDMT 41.19 10.02 7 – 82

Animal Fluency 20.75 5.46 8 – 41

JOLO 12.77 2.16 5 – 15

HVLT-R Immediate 24.42 4.90 9 – 36

HVLT-R Delay 8.34 2.55 0 – 12

Notes. Raw values are depicted, with the exception of the Global Cognition composite z-score. UPDRS = Unified Parkinson’s Disease Rating 
Scale; GDS-15 = 15-item Geriatric Depression Scale; LNS = Letter-Number Sequencing; SDMT = Symbol Digit Modalities Test; JOLO = 
Judgment of Line Orientation; HVLT-R = Hopkins Verbal Learning Test – Revised.
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