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Abstract

Objective—To investigate the relationship between time spent in non-exercise and exercise 

physical activity and severity of motor functions in Parkinson disease (PD).

Background—Increasing motor impairments of PD incline many patients to a sedentary 

lifestyle. We investigated the relationship between duration of both non-exercise and exercise 

physical activity over a 4-week period using the Community Health Activities Model Program for 

Seniors (CHAMPS) questionnaire and severity of clinical motor symptoms in PD. We accounted 

for the magnitude of nigrostriatal degeneration.

Methods—Cross-sectional study. PD subjects, n=48 (40M); 69.4±7.4 (56–84) years old; 8.4±4.2 

(2.5–20) years motor disease duration, mean UPDRS motor score 27.5 ± 10.3 (7–53) and mean 

MMSE score 28.4 ± 1.9 (22–30) underwent [11C]dihydrotetrabenazine (DTBZ) PET imaging to 

assess nigrostriatal denervation and completed the CHAMPS questionnaire and clinical 

assessment.

Results—Bivariate correlations showed an inverse relationship between motor UPDRS severity 

scores and duration of non-exercise physical activity (R= −0.37, P=0.0099) but not with duration 

of exercise physical activity (R= −0.05, P= 0.76) over 4 weeks. Multiple regression analysis using 

UPDRS motor score as outcome variable demonstrated a significant regressor effect for duration 

of non-exercise physical activity (F=6.15, P=0.017) while accounting for effects of nigrostriatal 

degeneration (F=4.93, P=0.032), levodopa-equivalent dose (LED; F=1.07, P=0.31), age (F=4.37, 

P=0.043) and duration of disease (F=1.46, P=0.23; total model (F=5.76, P=0.0004).
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Conclusions—Non-exercise physical activity is a correlate of motor symptom severity in PD 

independent of the magnitude of nigrostriatal degeneration. Non-exercise physical activity may 

have positive effects on functional performance in PD.
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Introduction

There is growing evidence of an association between physical inactivity and negative 

outcomes in patients with PD, including impaired activities of daily living and gait 

instability [1, 2]. Axial motor dysfunctions in Parkinson disease (PD) [3] – which are 

generally the least responsive to dopaminergic therapy - incline patients towards a sedentary 

lifestyle [4], with a resulting increased risk for the negative consequences of physical 

inactivity [5]. The Sydney Multicenter Study of PD, for example, found that dopamine non-

responsive problems dominate 15 years after initial assessments and include frequent falls, 

which occurs in 81% of the patients [6]. Patients with more severe postural and gait 

difficulties (PIGD) problems may also develop 'fear-of-falling,' and become even more 

sedentary [3]. This may contribute to decreases in muscle strength and 'deconditioned' 

postural reflexes, further exacerbating the motor decline caused by the disease process itself 

[7, 8]. A vicious cycle of worsening parkinsonism and increasingly sedentary behavior may 

explain decreasing physical activity in advanced PD. This vicious cycle raises a 'chicken and 

egg' mechanistic question where it is generally assumed that declining physical activity 

levels reflect the effects of increasingly severe nigrostriatal losses as an increasingly limiting 

factor in motor capacity and physical activity. It is also plausible that lack of physical 

activity worsens motor symptom severity in PD independent of the degree of nigrostriatal 

degeneration. The latter hypothesis is in keeping with an emerging body of literature in 

exercise physiology that both levels of general activity and levels of vigorous exercise have 

independent effects on health outcomes [5, 9]. A person meeting recommended weekly 

exercise guidelines may still be at risk of negative health effects if the remainder of the week 

consists of sedentary behavior [5].

Understanding to what degree physical activity (as determined by the hourly durations of 

vigorous exercise and non-exercise physical activity) is associated with motor symptom 

severity in PD independent of the degree of nigrostriatal degeneration requires objective 

assessment of the integrity of dopaminergic nerve terminals in the living brain of patient 

with PD. Positron emission tomography (PET) allows measurement of nigrostriatal 

dopaminergic nerve terminal density. PET imaging using vesicular monoamine transporter, 

type 2 (VMAT2) ligands quantifies nigrostriatal nerve terminal reductions in PD subjects 

reflecting neurodegeneration of dopaminergic neurons used to assess disease severity 

objectively [10, 11].

The aim of this cross-sectional study was to investigate the relationship between duration of 

time spent in vigorous exercise and non-exercise physical activity and severity of motor 

functions in PD while accounting for the degree of nigrostriatal degeneration using VMAT2 

Snider et al. Page 2

Parkinsonism Relat Disord. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



brain PET imaging. We performed a within-group analysis of PD subjects to test our 

hypothesis that the degree of physical activity (defined in our study as the combination of 

vigorous exercise and non-exercise physical activity) influences the expression of clinical 

motor symptom severity independent of the degree of nigrostriatal dopaminergic 

denervation. This study addresses a gap in our knowledge as it addresses the effects of 

physical activity and clinical expression of motor symptoms in PD while taking into account 

the quantitative relationship between parkinsonian motor symptoms and loss of 

dopaminergic nerve terminal using an objective in vivo biomarker of the defining 

neurodegeneration of PD.

Methods

Subjects and clinical test battery

This cross-sectional study involved 48 PD subjects (40 males, 8 females), mean age 

69.4±7.4 years (SD; range 56–84), mean Mini-Mental State Examination (MMSE) score of 

28.4±1.9 (22–30) and mean duration of disease of 8.4±4.2 years (7–53) who participated in 

an imaging biomarker study of mobility impairments in PD and who completed the 

CHAMPS physical activity questionnaire at the time of study enrollment and imaging 

procedures. Subjects met the UK PD Society Brain Bank clinical diagnostic criteria. 

Abnormal striatal [11C]DTBZ (DTBZ) PET findings were consistent with the diagnosis of 

PD in all subjects. No subjects had a history of a large artery stroke or other significant 

intracranial disease. Most subjects had moderate severity of disease: 1 patient in modified 

Hoehn & Yahr (HY) stage 1, 1 in stage 1.5, 6 in stage 2, 22 in stage 2.5, 14 in stage 3, 3 in 

stage 4 and 1 in stage 5. The mean HY stage was 2.7±0.7. All subjects were treated with 

dopaminergic agents. Thirty-four subjects with PD were taking a combination of dopamine 

agonist and carbidopa-levodopa medications, 13 were using carbidopa-levodopa alone, 1 

was taking dopamine agonist alone. All subjects completed the Unified PD Rating Scale 

(UPDRS). Mean LED was 973.0±491.5 mg. Subjects on dopaminergic drugs were examined 

in the morning after withholding dopaminergic drugs overnight. Mean motor UPDRS score 

was 27.7±10.3 (7–53). UPDRS motor scores were divided into sub-scores for tremor 

(UPDRS items 20 and 21), rigidity (item 22), distal appendicular bradykinesia (items 23–26 

and 31), and axial symptoms (items 27–30).

The CHAMPS physical activity questionnaire was completed to assess levels of non-

exercise and exercise physical activity levels [12]. The survey is designed specifically to be 

utilized by older adults, and has established reliability, sensitivity, and construct validity 

[12]. This questionnaire provides data on the duration, in hours per week, of various 

physical activities over a 4-week timeframe. Physical activity here comprises of a number of 

listed activities that older individuals and less active patients would be more likely to 

participate in, encompassing a combination of varying levels of vigorous physical activity 

(exercise), in addition to daily routine activities and recreational activities with physical 

components (non-exercise physical activity). Use of the CHAMPS questionnaire allows 

greater sensitivity to measure modest physical activity in this population that would be 

missed by physical activity scales focusing on more vigorous activities. Total physical 

activity levels were calculated, based on the standard scoring formula, as summed scores of 
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CHAMPS questionnaire items 7, 9, 10, 14–16, and 19–40. Exercise activities, defined as 

more vigorous physical activity levels, were summed from items 7, 14–16, 19, 21, 23–26, 

29–33, 36–38 and 40. Non-exercise physical activity levels were calculated by determining 

the difference between total and exercise physical activity scores. Non-exercise and exercise 

physical activity scores reflect total duration of physical activity in hours during a 4-week 

period. Supplemental table 1 provides a listing of the individual demographic, clinical and 

CHAMPS activity data in the subjects.

The study was approved by the Institutional Review Boards of the University of Michigan 

and Ann Arbor VAMC. Written informed consent was obtained from all subjects prior to 

any research procedures.

Imaging techniques

All subjects underwent brain MRI and [11C]DTBZ vesicular monoamine transporter type 2 

(VMAT2) PET except for a single subject where the PET scan failed because of technical 

reasons. [11C]DTBZ was prepared as described previously [13]. A bolus/infusion protocol 

was used for [11C]DTBZ (15 mCi) in 60 minutes [14]. [11C]DTBZ PET imaging was 

performed the morning after withholding dopaminergic medications overnight. The 

procedure was explained to the patients and the PET technologist ensured that they were 

laying properly and comfortably on the camera table to minimize movement. MRI was 

performed on a 3 Tesla Philips Achieva system (Philips, Best, The Netherlands) and PET 

imaging was performed in 3D imaging mode with an ECAT Exact HR+ tomograph 

(Siemens Molecular Imaging, Inc., Knoxville, TN) as reported previously [15].

Analysis

All image frames were spatially coregistered within subjects with a rigid-body 

transformation to reduce the effects of subject motion during the imaging session [16]. 

Interactive Data Language image analysis software (Research Systems, Inc., Boulder, CO) 

was used to manually trace volumes of interest (VOI) on MRI images to include caudate 

nucleus, and putamen of each hemisphere. Total neocortical VOI were defined using semi-

automated threshold delineation of the cortical gray matter signal on the MRI scan [15].

[11C]DTBZ distribution volume ratios were estimated using the Logan plot graphical 

analysis method - a non-invasive kinetic modeling technique to measure PET binding using 

a reference region [17] - with the striatal time activity curves as the input function and the 

total neocortex as reference tissue, a reference region overall low in VMAT2 binding sites 

[10, 18], with the assumption that the non-displaceable distribution is uniform across the 

brain at equilibrium [14], as reported previously [15]. [11C]DTBZ PET imaging estimates of 

striatal binding provide robust correlates of nigral neuronal counts in primates [11].

Data analysis was performed on a de-identified data set. Furthermore, the clinical 

assessment, administration of the CHAMPS clinical questionnaire and analysis of the PET 

imaging data were performed by different examiners or analysts. Furthermore, the data 

analyst performing the MRI VOI manual tracing was blinded to the study aims and 

hypotheses.
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Bivariate correlation coefficients were computed for the relationship between physical 

activity levels and UPDRS motor scores. Multiple regression was performed to determine 

the relationship between physical activity levels and UPDRS motor scores while controlling 

for nigrostriatal VMAT2, age and duration of disease covariates in the PD subjects. The 

VMAT2 regressor is a prerequisite for the specific testing of our primary hypotheses as 

detailed in the Introduction. Age and duration of disease covariates are standard covariates 

in this type of analysis as inclusion of age will be a proxy marker for general age-associated 

changes in the brain other than PD, and duration of disease will be a proxy marker for 

possible extra-nigral changes in the PD brain that become more prevalent with longer 

duration of disease. LED was included as a covariate in the model to account for possible 

dopaminergic medication effects. Shapiro-Wilk normality tests for the residuals of the 

variables were performed. Holm-Bonferrroni adjustment for multiple testing was performed. 

Analyses were performed using SAS version 9.2, SAS institute, Cary, North Carolina).

Results

PD subjects participated in non-exercise physical activities on average for 9.8±6.3 hours 

(range 0–26 hours) and in exercise physical activities for 8.5±7.2 hours (range 0–30 hr) 

during a 4 week period. Bivariate correlations showed that increased motor UPDRS severity 

scores were associated with decreased durations of non-exercise physical activity (R= −0.37, 

P=0.0099 within Holm-Bonferroni correction); however, there was no significant 

association of UPDRS motor score with duration of exercise physical activity (R= −0.05, 

ns). Multiple regression analysis using UPDRS motor score as the outcome variable 

demonstrated a significant regressor effect for duration of non-exercise physical activity 

(F=6.15, P=0.017, parameter estimate, PE=−0.51, standard error, SE=0.21) while 

accounting for effects of nigrostriatal degeneration (F=4.93, P=0.032; PE=−10.1, SE=4.6), 

levodopa-equivalent dose (LED; F=1.07, P=0.31; PE=0.00285, SE=0.00275), age (F=4.37, 

P=0.043; PE=0.38, SE=0.18) and duration of disease (F=1.46, P=0.23; PE=0.39, SE=0.33; 

total model: R2=0.41, adjusted R2=0.34, F(5,41)=5.76, P=0.0004).

Post hoc analysis

A post hoc analysis was performed to determine whether the inverse relationship between 

non-exercise physical activity and UPDRS motor scores was selectively associated with 

specific UPDRS motor subscores. Partial Pearson correlation coefficients (correcting for 

striatal VMAT2 binding) demonstrated significant inverse correlations between duration of 

non-exercise physical activity and distal appendicular bradykinesia (R=−0.47, P=0.0012, 

within Holm-Bonferroni correction) and axial (R=−0.39, P=0.0081, within Holm-Bonferroni 

correction) subscores, but not with rigidity (R=−0.27, ns) or tremor (R=0.01, ns) subscores. 

Figure 1 shows a scatter plot of the distribution of duration of non-exercise physical activity 

and covariate-adjusted distal appendicular bradykinesia scores.

Discussion

Our findings show that more severe parkinsonism is associated with lower non-exercise 

physical activity levels in PD. A plausible explanation is that declining physical activity 

levels reflect the effects of increasingly severe nigrostriatal losses as an increasingly limiting 
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factor in motor capacity and physical activity. Our data, however, indicate that lower levels 

of non-exercise physical activity are associated with more severe motor symptom ratings in 

PD even when nigrostriatal losses are taken into account. One possibility is that declining 

non-exercise physical activity levels are influenced, at least in part, by non-dopaminergic 

system pathologies. Another non-exclusive possibility is that increasingly sedentary 

behavior influences motor features of PD. This latter interpretation is consistent with prior 

studies showing significant benefits of exercise on motor features of PD [19, 20].

An unexpected finding was that, unlike our a priori hypothesis that more intense exercise 

activity would be the strongest inverse correlate to motor feature severity in our subjects, 

non-exercise physical activity was actually the best predictor of UPDRS motor scores. It is 

conceivable that this dissociation may reflect fundamental pathophysiologic features of PD. 

The basal ganglia are crucial for efficient performance of habitual motor sequences and it is 

a truism that many PD patients can temporarily correct motor deficits in PD by during 

conscious performance of motor acts. Exercise activity may involve volitional mechanisms 

of motor control that to some degree circumvent the basic motor deficits of basal ganglia 

dysfunction in PD. In this scenario, exercise performance functions would not necessarily be 

related to PD motor deficits.

Our data add to a growing body of literature indicating that both intense physical activity 

and general inactivity have independent and significant impacts on health outcomes [5, 9], in 

this case motor outcomes in PD. The independent negative effect of sedentariness may be a 

possible explanation why recent exercise trials in PD, despite improved test performance, 

did not ultimately demonstrate improvements in disability and quality of life in PD [19, 20]. 

In other words, a person who participates in an exercise program may still be at risk of 

negative health effects if the gross remainder of the time consists of sedentary behavior [5].

It is plausible that our assessment of non-exercise physical activity may be a reverse proxy 

measure of sedentary behavior. Longer duration of non-exercise physical activity may have 

led to a significant improvement in motor impairments, rather than more vigorous exercise 

activity having an ameliorating effect on PD motor impairments. Therefore, it is conceivable 

that the critical relationships between exercise and motor outcomes in other PD 

observational studies may actually reflect the protective effects of (unmeasured) non-

exercise physical activity rather than exercise itself.

It should be noted that there are many processes contributing to inactivity, such as poor peer 

support [21], lack of motivation, social stigma, suboptimal spousal support, and barriers to 

exercise [22]. It has also been suggested that muscle weakness may be a cardinal motor 

feature of PD [23] and weakness and lack of physical activity may possibly trigger 

manifestation of classic PD motor features [24].

One potential limitation of this study is its reliance on data obtained from a self-reported 

physical activity questionnaire. Subjective reporting of self-assessed physical activity 

through questionnaires may be not as reliable as objective sensor-based technology. It has 

been anecdotally (but frequently) reported that older subjects value being perceived as active 

people, and as a result may over-report vigorous physical activity. Older individuals with PD 
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also have higher rates of memory and cognitive problems, which could make accurate recall 

of activity less reliable. As this study does not allow for independent measuring of the 

accuracy of self-reported physical activity, one future direction could be more objective or 

sensor-based monitoring of activity, such as actigraphy [25]. It should also be noted that the 

CHAMPS questionnaire does not capture well seasonal variations in physical activities that 

are pertinent for subjects residing in four-season climates.

Another consideration is that the survey questions themselves, particularly those involving 

non-exercise physical activity, may not encompass the full range of activity subjects may 

participate in during the span of several weeks; in our study, subjects did not have the option 

to add in information on activities not covered by our questionnaire, and thus may 

underreport the overall amount of physical activities that they are involved in. Future studies 

may aim to sample a wider breath of non-exercise physical activities, allowing for both the 

quantification of time spent on each activity as well as level of intensity. This will need to be 

balanced with the risk of making a questionnaire overly complicated for an older population 

that must complete it without requiring assistance.

A limitation of the study is the cross-sectional study design and lack of prospective 

assessment how the degree or lack of physical activity may modify the clinical course of the 

disease. Another limitation of the study is that we did not assess the cardiovascular or 

physiological fitness level in the patients.

We found that non-exercise physical activity levels are associated with decreased typical 

dopamine-responsive symptoms (such as distal appendicular bradykinesia). 

Pathophysiologically, this notion is supported by a number of studies suggesting exercise 

optimizes dopaminergic signaling and dopamine efficiency [4, 26]. The improvement of 

dopamine-responsive motor symptoms is also supported by animal models of PD [27], 

which have shown some recovery of nigrostriatal nerve terminals following exercise [28].

Our results, however, also suggest that non-exercise physical activity improves axial motor 

impairments, such as gait and balance difficulties, that tend to be less dopamine-responsive. 

Mobility limitations may be due to either PD-specific pathophysiology (i.e., nigrostriatal 

degeneration) or to cumulative multifactorial age-related changes in cardiopulmonary, 

musculoskeletal and peripheral nervous systems changes. One explanation for the 

association between non-exercise physical activity levels and axial motor impairments may 

be that sedentary behavior contributes to a patient’s general deconditioning and frailty, as 

opposed to a specific augmentation of a PD-specific neuronal system. Alternatively, non-

exercise physical activity is by its nature focused on repetition of common tasks that patients 

experience in day-to-day life (separate from the unique demands of moderate or vigorous 

exercise) that may help maintain gait and balance skills through less strenuous daily 

activities. In this way, it is possible that non-exercise physical activity help to augment the 

postural reflexes whose gradual loss is invoked in PD patients who go on to develop PIGD 

symptoms. In this respect, non-exercise physical activities may improve habit-formation-

maintenance via recruitment of non-dopaminergic systems. These findings reinforce the 

potential benefit of non-exercise physical activity in PD, as it facilitates improvement of 

motor features that are otherwise relatively refractory to dopaminergic therapy. Our findings 
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did not show a selective association with ratings of tremor, suggesting the tremor expression 

may not be modulated by physical activity levels.

We conclude that non-exercise physical activity may influence motor symptom severity in 

PD, independent of nigrostriatal degeneration. It should also be noted that a lifestyle 

intervention program [29] increased the amount of weekly outdoor physical activity in PD 

[30]. However, our understanding of how to increase physical activity in PD remains 

incomplete. Active "Stand-up, sit-less, move-more" intervention strategies deserve further 

studies to reduce the sedentary lifestyle and improve patient functionality in PD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Non-exercise physical activity is associated with better motor scores in PD.

• This effect was independent from degree of nigrostriatal denervation.

• Inactivity and vigorous exercise appear to have independent effects on health 

outcomes in PD.
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Figure 1. 
Scatter plot of the distribution of duration of non-exercise physical activity and covariate-

adjusted distal appendicular bradykinesia scores.
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