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Abstract

Introduction: Parkinson’s Disease (PD) is a neurodegenerative disorder caused by disruption 

of dopamine-producing cells. PD is associated with motor symptoms and non-motor symptoms 

including depression and cognitive impairment. Past research suggests an association between 

depression and cognitive impairment in PD. Physical activity may have a therapeutic effect on 

both depression and cognitive impairment. The present study investigates if physical activity 

mediates the association between depressive symptoms and cognition in a longitudinal sample of 

individuals with PD.

Methods: Participants include individuals newly diagnosed with PD (N = 487) enrolled 

in the Parkinson’s Progression Marker Initiative (PPMI). Participants completed an array of 

neuropsychological tests over the course of five years, as well as questionnaires of depression and 

physical activity. Between-person and within-person effects of depression and cognition mediated 

through physical activity were analyzed using structural equation modeling.

Results: A significant direct effect demonstrated depression was associated with worse 

global cognitive functioning. Furthermore, there was a significant indirect within-person effect, 

indicating that physical activity fully mediated the association between depression and cognition. 

Individuals who became more depressed over time became less physically active and subsequently 

experienced cognitive decline over the five-year period.

Discussion: Findings have implications for prognostic detection and/or the role of physical 

activity interventions to buffer effects of depression on cognitive impairment among individuals 

diagnosed with PD. Physical interventions may potentially be implemented among depressed 

persons to preserve cognitive functioning. Worsened depression early during PD may be a risk 

factor for inactivity and cognitive diminishment.
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Introduction

Parkinson’s disease (PD) is the second most widespread neurodegenerative disorder 

and affects 1% of individuals over the age of 60 (Tysnes & Storstein, 2017). PD 

is characterized by both motor (e.g. tremor, rigidity, akinesia, postural instability) and 

nonmotor symptoms. Common non-motor symptoms include changes in cognition, mood 

disorders, gastrointestinal symptoms, fatigue, loss of sense of smell, and sleep disorders.

Cognitive decline is a commonly reported symptom of PD. There is debate about the 

heterogeneity of cognitive symptoms. In general, executive functioning, attention, working 

memory, and visuospatial functioning difficulties are commonly affected in PD (Litvan et 

al., 2012). According to Muslimovic et al. (2005), 25% of individuals newly diagnosed with 

PD experience cognitive impairment on objective neuropsychological assessments.

Along with cognitive impairment, depression is commonly experienced among individuals 

with PD. Depression is associated with accelerated cognitive decline and increased risk of 

dementia among elderly individuals (Jorm, 2000; Sachs-Ericsson et al., 2005; Rapp et al., 

2011). Among PD individuals, persistent symptoms of mood disorders are associated with 

poorer immediate and delayed memory recall (Jones et al., 2019; Szymkowicz et al., 2018), 

executive functioning (Hurtado-González et al., 2018), and semantic verbal fluency tasks 

and task change (Hurtado-González et al., 2018). PD individuals with major depression 

experienced greater cognitive decline and progressed through stages of PD severity more 

rapidly than those with minor or no depression (Starkstein et al., 1992). A past paper by 

our group utilizing data from the Parkinson Progression Marker Initiative (PPMI) cohort, 

examined the bidirectional association between cognition and multiple mood/affective 

symptoms in PD (depression, anxiety, and apathy; Jones et al., 2019). Results suggested 

that severity of depressive symptoms, but not anxiety or apathy, is associated with 

longitudinal cognitive decline. Furthermore, we found that depressive symptoms predicted 

cognitive functioning in the subsequent year, but that cognitive functioning did not predict 

future changes in depression, providing evidence of a uni-directional relationship between 

cognition and depression.

In recent years, the therapeutic effect of physical activities on cognitive decline and 

depression among individuals with PD has been a topic of interest (Lauze et al., 2016). 

The contribution of physical activity to clinical outcomes may be especially relevant for 

individuals with PD. Individuals with PD tend to be physically inactive and this is likely 

due to both motor and non-motor complications (van Nimwegen et. al., 2011). Chastin 

et al. (2010) found that while there was no difference in total amount of sedentary time 

over a 7-day period, individuals with PD had longer bouts of sedentary behavior than 

healthy, age-matched controls. Randomized controlled trials/exercise interventions show 

that physical activity is associated with improvements in executive functioning (Altmann 

et al., 2016; Silveira et al., 2018), auditory memory and attention (Fiorelli et al., 2019), 

and language and episodic memory (Altmann et al., 2016) among individuals diagnosed 

with PD. Additionally, research utilizing self-report measures of participation in physical 

activities have shown that physical activity is associated with decreased depression and 

better cognitive performance among individuals diagnosed with PD (Amara et al., 2019). 
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Specifically, participating in physical activity is negatively correlated with depressive 

symptoms even when controlling for social support, demographic variables, and physical 

health among middle-aged adults (Lu, 2011). Additionally, Bak (2009) found that physical 

activity was negatively correlated with depression and positively correlated with perceived 

health and life satisfaction among healthy older adults. Physical activity also plays a role 

in minimizing depressive and anxiety symptoms in subclinical populations (Rebar et al., 

2015). Overall, the literature provides reasonable support for direct associations between 

1) physical activity and cognition, and 2) physical activity and depression. However, we 

are unaware of research examining both physical activity and depression and their temporal 

associations with cognitive function in individuals with PD.

Past research provides evidence for physical inactivity, to be a behavioral pathway linking 

anxiety to cognitive impairment in PD or linking depression to cognitive impairment in 

healthy older adults (Jones et al., 2021a; Sharifian et al., 2021). However, examining 

the associations between depression, physical activity and cognition in PD is particularly 

relevant because: 1) past research suggests that depression may be associated with future 

cognitive impairment above and beyond other mood symptoms (Jones et al., 2019), and 2) 

individuals with PD experience a variety of unique neurobiological (e.g. dopamine depletion 

and disruption of frontal-subcortical pathways important for both cognition and emotion) 

and psychosocial changes (e.g. embarrassment from motor symptoms, physical disability) 

that raise concerns about the extent that findings from healthy older adults generalize to the 

PD population. The current study expands upon our past finding of a directional association 

between depression and cognitive functioning by examining physical activity as a potential 

behavioral pathway linking the two constructs (Jones et al., 2019). Although past studies 

provide initial evidence of direct effects between these three constructs, we are unaware of 

any study examining the direct and indirect effects of depression and physical activity on 

cognition in individuals with PD.

Methods

Participants

Data was obtained via the Parkinson’s Progression Markers Initiative (PPMI), a longitudinal 

multisite observational study of the progression of PD. Data from 10 national or 

international sites from were utilized in the current sample (see https://www.ppmiinfo.org/

about-ppmi/ppmi-clinical-sites for a complete list of sites). The sample has 100% (Jones 

et al., 2021a; Jones et al., 2021b; Jones et al., 2021c), 88% (Jones et al., 2020a; Jones 

et al., 2020b) and 64% (Jones et al., 2019) overlap with our past work. For additional 

details please see Marek et al. (2011) and https://www.ppmi-info.org/. The institutional 

review board approved the study at each site, and all participants provided consent prior to 

participation. The current study consisted of 487 individuals newly diagnosed with PD (less 

than 1 year of clinical diagnosis). Data from each participant was collected over the course 

of 5 years (baseline, 1st, 2nd, 3rd, 4th, 5th). Inclusion/exclusion criteria for the parent study 

(PPMI) have been previously published (Marek, et al., 2011). Briefly, inclusion criteria for 

PD patients included diagnosis of PD based of presence of resting tremor, bradykinesia, or 

rigidity within two years, and being untreated for PD. For the current analyses, participants 
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were included if they completed at least one clinical visit where neuropsychological tests 

and questionnaires of depression and physical activity were completed.

Measures

Depression.—Depressive symptoms were measured with the Geriatric Depression Scale-

Short Form (GDS; Greenberg, 2012), a self-report measure of depression in older adults. 

Research has shown the GDS to be a valid measure of depression in individuals with PD 

(Schrag et al., 2007). The GDS was administered at each annual follow-up. Higher scores 

indicate more depressive symptoms.

Physical Activity.—The Physical Activity Scale for the Elderly (PASE; Washburn et al., 

1993) is a brief self-report measure that assesses physical activity and consists of two 

domains: leisure activities and household activities. Intensity, frequency, and duration of 

activities over a one-week period are measured, with higher scores representing higher levels 

of activity. The PASE was found to be a valid measure for use in studies on physical activity 

in older populations (Washburn et al., 1993). The PASE was not consistently administered 

in the study until year two, therefore only years 2–5 were used to model the within- and 

between-person effects.

Cognition.—Participants were given a battery of neuropsychological tests annually. The 

Hopkins Verbal Learning Test- Revised (HVLT-R; Brandt & Benedict, 2001) assessed 

learning (sum of trials 1–3) and delayed free recall/memory. PPMI uses HVLT-R versions 

1–5 in sequential order (version 1 administered at baseline, version 2 at the first annual 

follow-up, etc.). The Judgement of Line Orientation Test (JLO; Benton et al., 1983) assessed 

visuospatial functioning. The odd and even trials were administered at alternating years (odd 

trials administered as baseline, year 2 and 4; even trials administered at years 1, 3 and 

5). The Letter-Number Sequencing task (LNS; Wechsler, 2008) assessed attention/working 

memory. Language was assessed with the Animal Fluency test (Gladsjo, et al., 1999). The 

Symbol Digit Modalities Test (SDMT; Smith, 1982) assessed processing speed. Version 1 

and 2 were administered in alternating years. Lastly, to reduce the number of analyses, a 

composite score of global cognition was created by averaging the demographically corrected 

z-scores for each cognitive score. The majority of tests were normed based on age only 

(HVLT-R immediate and delayed memory, letter number sequencing, SDMT), with the 

exception of JLO (age & education) and Animal Fluency (age, education and ethnicity).

Severity of Motor Symptoms.—The Unified Parkinson’s Disease Rating Scale – 

Part III (UPDRS) assessed motor symptoms severity (Goetz et al., 2008). Higher scores 

indicate greater severity of motor symptoms (e.g., speech, facial expression, rigidity, hand 

movements, tremors, gait, postural stability, body bradykinesia).

Data and Data Analysis

Structural equation modeling (SEM) was conducted in SPSS AMOS (Preacher et al., 2011). 

The direct and indirect effects of depression on cognition through physical activity were 

examined. Missing data was estimated with maximum likelihood estimates. We utilized 

2000 iterations of bootstrapped samples to calculate the standard error of indirect effects 

Timblin et al. Page 4

Neuropsychology. Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(Gunzler et al., 2013). Within-person and between-person effects were separately modeled 

for depression, cognition, and the two physical activity domains (household activities 

and leisure activities; Figure 1). The within-person effects examined whether longitudinal 

changes in physical activity mediate the longitudinal relationship between depression and 

cognition. The within-person effects were modeled based on linear growth (Supplemental 

Figure 1; Preacher et al., 2011). The between-person effects examined if the average level 

of physical activity over the study period mediated the association between depression and 

cognitive functioning. Motor severity, age at baseline, and gender were also included as 

predictors of global cognition in statistical models.

Results

Demographic and clinical characteristics at baseline are reported in Table 1.

Direct effect model: Depression predicts cognition

SEM assessed the direct effect of depression on global cognition. Model fit was adequate 

(χ2 = 428.66, p < 0.001; RMSEA = 0.048; CFI = 0.946; NFI = 0.904). The analyses 

revealed a significant direct within-person effect (Table 2); individuals who became more 

depressed over the course of 5 years experienced greater longitudinal declines in global 

cognition. Additionally, there was a significant direct between-person effect. Individuals 

who on average reported more depressed symptoms across the 5 years also demonstrated 

worse cognitive performance on average over the study period. Worse cognitive performance 

was also significantly associated with older age and less severe motor symptoms.

Mediation Model

An additional SEM assessed the mediating effect of physical activity on the relationship 

between depression and global cognition. Model fit was adequate (χ2 = 821.63, p < 0.001; 

RMSEA = 0.047; CFI = 0.955; NFI = 0.918).

The model revealed a significant within-person indirect effect (Table 3); individuals who 

became more depressed over the 5-year period became less physically active in household 

activities and experienced declines in global cognition. The direct effect between depression 

and global cognition was not significant in this model, indicating the relationship between 

depression and global cognition was fully mediated by household physical activities. Worse 

within-person cognitive performance was also significantly associated with younger age and 

more severe motor symptoms.

No significant between-person indirect effect was revealed, indicating that mediation did 

not occur. However, there was a significant direct effect between depression and global 

cognition, meaning that individuals who were more depressed on average declined more 

cognitively on average. Furthermore, more severe depression on average was associated with 

less participation in household and leisure activities. Performance in global cognition on 

average was not associated with either household or leisure activities. Worse within-person 

cognitive performance was also significantly associated with fewer years of education, male 

gender and more severe motor symptoms.
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Discussion

Findings expand upon our 2019 finding of depression predicting cognitive decline by 

showing that longitudinal changes in physical activity mediate this association among 

individuals diagnosed with PD. Specifically, individuals who experienced a worsening of 

depression over time were less likely to be active in household physical activities, which was 

indirectly associated with declines in global cognition.

Past studies have also examined the direct association between physical activity and 

depression/cognition. For instance, Amara et al. (2019) found that physical activity early 

in PD is associated with less severe depression. Additionally, individuals who are more 

physically active experienced less severe cognitive decline than compared to their inactive 

counterparts, suggesting that physical activity preserves cognition in early PD (Mantri et 

al., 2019). Furthermore, Altmann et al. (2016) conducted a longitudinal study comparing 

individuals diagnosed with PD randomized to an aerobic exercise groups and a stretch-

balance control group. Individuals in the aerobic exercise group performed better on 

executive functioning and language tasks than individuals in the control group. Silveira et al. 

(2018) found similar results, with aerobic exercise halting declines in executive functioning 

over a 12-week period. Our findings, in conjunction with the previous literature, suggests 

that increasing physical activity may be an effective strategy for mitigating cognitive losses. 

Certainly, there are benefits to physical activity for individuals with PD. Past studies support 

a direct relationship between physical activity and mood, or physical activity and cognition, 

but our study expands upon the literature by integrating the separate direct effects.

The clinical implications of the study suggest that early implementation of physical activity 

interventions could potentially help prevent negative clinical outcomes associated with 

physical inactivity. Specifically, physical interventions could be valuable for PD patients 

with comorbid depression, who are at increased risk for cognitive decline. Furthermore, 

clinicians may consider assessing for sedentary behaviors or changes/decreases in physical 

activities in their clinical interviews. Findings suggest the combination of depression 

and decreased participation in physical activities should raise concerns that patients may 

be at risk for future cognitive decline. The importance of maintaining physical activity 

may be more relevant/important for PD patients, relative to non-PD older adults. Van 

Nimwegen et al. (2011) reported that PD patients become more physically inactive as the 

disease progresses. Moreover, individuals with PD are 24% less active compared to their 

healthy counterparts (van Nimwegen et al., 2011). PD patients with comorbid psychiatric 

complications, may be at elevated risk for physical inactivity and subsequent complications. 

Indeed, other psychiatric complications such as anxiety and apathy are common in PD and 

associated with physical inactivity, cognitive impairment, and quality of life (Jones et al., 

2021; Jones et al., 2015).

This study did not directly examine potential neurobiological mechanisms. Future studies 

could consider several biologic mechanisms that potentially underlie the associations 

between physical activity, depression and global cognition. The mediating effect of physical 

activity on the relationship between depression and cognition may also be explained by 

adult neurogenesis. Within animal studies, exercise has been shown to alleviate symptoms 

Timblin et al. Page 6

Neuropsychology. Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of depression due to hippocampal neurogenesis (Ernst et al., 2006). Exercise allows for the 

synthesis of new neurons within the hippocampus, thus leading to decreases in depressive 

symptoms (Ernst et al., 2006). The relationship between hippocampal neurogenesis and 

physical activity has also been associated with reduced cognitive impairment within 

chemotherapy treated rats (Winocur et al., 2014). Besides neurogenesis, Apolipoprotein 

E type 4 (APOE-E4) is a risk factor for dementia and cognitive decline seen in PD 

and Alzheimer’s Disease. Exercise has been hypothesized to reduce mood and cognitive 

symptoms among APOE-E4 carriers (Fenesi er al., 2017). Ku et al. (2017) measured 

differences in depressive symptoms among APOE-E4 carriers and non-carriers, and 

high/low physically active individuals. Differences were observed between high active 

APOE-E4 non-carriers and low-active APOE-e4 carriers; however, the benefits of exercise 

were only observed among APOE-E4 non-carriers. Regarding cognition, greater semantic 

memory activation was observed among highly active APOE-E4 carriers (Smith et al., 

2011). In an animal study, cognitive performance improved after six weeks of wheel running 

among APOE-E4 mice (Nichol et al., 2009). A recent PPMI study found that APOE 

genotype and physical activity interacted in predicting cognitive impairment. Specifically, 

higher physical activity was associated with slower APOE-E4 related cognitive decline (Kim 

et al., 2021). Studies commonly suggest the association between depression and cognition 

may reflect shared neural circuitry, such as disruption of the frontostriatal circuitry (Levin 

& Katzen, 1995; Zgaljardic et al., 2003). Indeed, depressive symptoms are associated with 

altered grey matter volume and white matter integrity in frontal-striatal regions among 

individual with PD (Li et al., 2020). Indeed, neuroimaging studies provide support that 

exercise may increase dopamine release and retain functional activation in striatal regions 

(Sacheli et al., 2018; Shih et al., 2019).

The current study is not without limitations. Physical activity was measured with a 

subjective self-report questionnaire. An objective measurement of physical activity may be 

used to strengthen future studies. Furthermore, the current study utilized a global metric of 

physical activity that assess frequency and intensity of activities. Future studies may benefit 

from examining individual dimensions of physical activity (e.g., intensity, complexity, 

frequency, and modality). Caution should be taken when interpreting causation among 

constructs. It is plausible that alternative directionalities may exist (physical inactivity may 

cause future depression, or cognitive impairment may cause future physical inactivity). 

Although indirect models can provide insight regarding potential mediators/behavioral 

mechanisms of associations, future studies utilizing an experimental approach can best 

determine directionality and causation. The severity of Parkinsonian motor symptoms may 

impact one’s ability to engage in physical activity. The present study consisted of individuals 

newly diagnosed with PD, and participants are generally cognitively intact; therefore, 

findings may have limited generalizability to PD samples with more severe motor symptoms 

and cognitive impairments. Similarly, participants predominantly consisted of Caucasians, 

which may limit generalizability.

Ultimately, results suggest that physical activity may be a mediator between depression 

and cognitive functioning among individuals diagnosed with PD. Greater depression is 

associated with inactivity in household activities, which is indirectly linked to cognitive 

Timblin et al. Page 7

Neuropsychology. Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



diminishment. Behavioral interventions promoting increased participation in physical 

activity could have implications for preserving cognition and mental health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

The present study investigated whether physical activity mediates the relationship 

between depression and cognition among individuals with Parkinson’s Disease (PD). 

Results revealed a significant within-person indirect effect; individuals who became more 

depressed over the course of 5 years became less physically active and experienced 

cognitive diminishment over time. Findings suggest that depression early following 

diagnosis may be a risk factor for cognitive decline. Future research should examine 

individual dimensions of physical activity (e.g., intensity, complexity, frequency, and 

modality) and its effects on cognition in PD.
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Figure 1. 
Depiction of Model.
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Table 1

Baseline Characteristics (n = 487).

Mean SD Range

Age 61.07 9.7 33 – 84

Education 15.48 3.1 5 – 26

% Male 65.1% -- --

% Caucasian 92.8% -- --

% African American/Black 1.4% -- --

% Asian 1.9% -- --

% Other 3.9% -- --

UPDRS-III Motor 20.03 9.2 2 – 51

GDS 2.46 2.6 0 – 14

Global Cognition (Z score) 0.01 0.6 −1.8 – 1.4

HVLT-II Trials 1–3 (Z score) −0.36 0.9 −2.7 – 3

HVLT-II Delayed Recall (Z score) −0.30 1.9 −2.9 – 3

Judgement of Line Orientation (Z score) 0.68 1.0 −2.3 – 3

Letter Number Sequencing (Z score) 0.45 0.7 −2.7 – 3

Animal Fluency (Z score) 0.038 1.0 −3.5 – 3.3

Symbol Digit Modalities Test (Z score) −0.48 0.9 −3 – 2.25

PASE Household Activities 256.55 43.7 171 – 342

PASE Leisure Activities 114.98 77.1 0 – 351

Note. UPDRS = Unified Parkinson’s Disease Rating Scale- part III; GDS = Geriatric Depression Scale; PASE = Physical Activity Scale for the 
Elderly.
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Table 2.

Direct Effects Standardized Estimates and Significance

Variable Standardized Estimate S.E. p

Within-Person Effects

 Depression -- > Global Cognition −0.308 0.092 <0.001**

 Age -- > Global Cognition −0.031 0.009 <0.001**

 Education -- > Global Cognition −0.007 0.010 0.492

 Gender -- > Global Cognition −0.004 0.009 0.617

 Motor Severity -- > Global Cognition −0.143 0.070 0.041*

Between-Person Effects

 Depression -- > Global Cognition −0.204 0.047 <0.001**

 Age -- > Global Cognition −0.023 0.036 0.525

 Education -- > Global Cognition 0.109 0.040 0.007*

 Gender -- > Global Cognition −0.070 0.035 0.043*

 Motor Severity --> Global Cognition −0.311 0.063 <0.001**

S.E. = Standard Error

*
< 0.05

**
< 0.001
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Table 3.

Mediation Model

Variable Standardized Estimate S.E. p

Within-Person Effects

 Depression -- > Global Cognition 0.302 1.567 0.847

 Depression -- > Household Activities −0.524 0.090 <0.001**

 Depression -- > Leisure Activities −0.156 0.077 0.043

 Household Activities -- > Global Cognition 1.198 2.928 0.682

 Leisure Activities -- > Global Cognition Unable to Estimate*

 Age -- > Global Cognition −0.028 0.007 <0.001**

 Education -- > Global Cognition −0.005 0.007 0.475

 Gender -- > Global Cognition −0.006 0.006 0.304

 Motor Severity -- > Global Cognition −0.142 0.060 0.018

 Indirect Effect: Depression -- > Global Cognition −0.628 0.742 0.017*

Between-Person Effects

 Depression -- > Global Cognition −0.227 0.046 <0.001**

 Depression -- > Household Activities −0.162 0.045 <0.001**

 Depression -- > Leisure Activities −0.264 0.043 <0.001**

 Household Activities -- > Global Cognition −0.003 0.056 0.951

 Leisure Activities -- > Global Cognition −0.085 0.055 0.124

 Age -- > Global Cognition −0.031 0.035 0.371

 Education -- > Global Cognition 0.111 0.039 0.004*

 Gender -- > Global Cognition −0.066 0.034 0.050*

 Motor Severity -- > Global Cognition −0.299 0.059 <0.001**

 Indirect Effect: Depression --> Global Cognition 0.022 0.018 0.223

S.E. = Standard Error; *Unable to estimate due to convergence/minimal within-person variability in leisure activities.

*
< 0.05

**
< 0.001
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