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ABSTRACT

Introduction: Deficits in goal-directed behavior are common in individuals with Parkinson's disease (PD) and have been
ascribed to apathy. In addition to apathy, individuals' beliefs in their competence (self-efficacy) and capacity to regu-
late emotions, thoughts, and actions (self-regulation) are critical skills for goal-directed behavior. We investigated
these skills and their relationship to motor and non-motor symptoms in individuals with PD. We also examined the
neural correlates of these skills using functional magnetic resonance imaging (fMRI).
Methods: We enrolled 35 subjects with mild PD (Hoehn and Yahr stage <2.5) and used the new general self-efficacy
(NGSES) and self-regulation scales (SRS). We correlated the scores on these scales with measures of cognition, anxiety,
depression, apathy, fatigue, quality of life, and disease burden using stepwise regression analyses. We collected resting-
state fMRI data in a 3-Tesla scanner and computed the pairwise functional connectivity among nodes of major net-
works. We correlated the connectivity maps with the NGSES and SRS scores.
Results: Our PD cohort demonstrated intact NGSES and SRS scores compared with respective population data. These
scores showed significant negative correlation with apathy and disease burden. Stronger connectivity in the salience
network and decoupling from the default mode network supported self-efficacy and self-regulation.
Conclusions: Self-efficacy and self-regulation capacity seems preserved, but vulnerable to disease-related factors in in-
dividuals with mild PD. Educational programs cultivating this capacity could improve the coping skills of these indi-
viduals. Functional connectivity changes in salience and default mode networks may serve as neurobiological
markers to demonstrate the effectiveness of such interventions.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

executive dysfunction, and auto-activation deficits (i.e., inability to self-
activate mental processes) [1,2]. Each subdomain is associated with deficits

Parkinson's disease (PD) is a neurodegenerative disorder characterized
by motor and non-motor (e.g., anxiety, depression, fatigue) symptoms.
Like many chronic and progressive neurological conditions, PD has a nega-
tive impact not only on the physical, but also on the psychological and so-
cial wellbeing of individuals. A distinct feature of PD is its propensity to
impair goal-directed behavior, also known as apathy [1]. Apathy is a syn-
drome with subdomains including lack of motivation, emotional distress,
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in specific limbic, motor, and cognitive frontostriatal circuits and neuro-
transmitter systems, all of which can be affected in PD [2,3].

While this multi-domain approach to apathy in PD provides a useful
psycho-neurobiological framework, goal-directed behavior is complex
and cannot be reduced to emotional/motivational or cognitive factors.
It also requires a metacognitive capacity to reflect on one's capabilities,
thoughts, and actions; and to regulate oneself in the face of challenges.
This capacity has been conceptualized under two related psychological
constructs, namely, perceived self-efficacy (from here on, self-efficacy)
and self-regulation. In this study, we aimed to expand the scope of
investigation of deficits in goal-directed behavior in individuals with
PD beyond apathy and evaluated their capacity for self-efficacy and
self-regulation.
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Self-efficacy is a concept rooted in social cognitive theory. Accord-
ing to this theory, human beings are not just reactive organisms shaped
by external events, but active agents who can intentionally shape
events and courses their lives take [4]. Self-efficacy is defined as
one's perceived capacity to mobilize the motivation and cognitive re-
sources to exert control over events [5,6]. People of high self-efficacy
set motivating goals for themselves and figure out ways to overcome
obstacles. Self-efficacy is also a major determinant of health outcomes.
For example, in chronic neurological conditions including PD, specific
self-efficacy measures (e.g., managing daily activities) were found to
be better predictors of global health and quality of life than disease se-
verity or diagnosis [7].

Self-regulation refers to processes that enable people to guide their goal-
directed activities over time and across changing circumstances [8]. Suc-
cessful self-regulation requires motivation to achieve the goal, management
of stress and somatic factors (e.g., fatigue), and intact executive functioning
to maintain goal direction [9]. A specific form of self-regulation is attention
control, which is the ability to focus attention on a task and control external
and internal distractions [10].

In the context of goal-directed behavior, self-efficacy would facilitate
goal selection and commitment, and the belief that one has the capacity
to achieve the goal. Subsequently, self-regulatory processes would help to
direct motivational and cognitive resources toward the goal; control dis-
tractions, and maintain goal-directedness and adaptability in challenging
situations.

All of these regulatory processes involved in goal-directed behavior
clearly require intact emotional and interoceptive processes, and also cog-
nitive resources and top-down control, which are closely linked to funda-
mental executive functions subserved by the frontal executive brain
networks [9].

We aimed to explore the capacity of individuals with PD for self-efficacy
and self-regulation, examine the relationship between these skills and emo-
tional, motivational, and cognitive factors as well as disease burden; and fi-
nally, to investigate the neural correlates of self-regulation and self-efficacy
using resting-state functional MRI (fMIRI). We were particularly interested
in the interplay between the dorsal attention (goal-oriented behavior), de-
fault mode (internally-directed mental processes), and salience (“switch”
between the first two) networks. A comprehensive understanding of the
role of self-efficacy and self-regulation skills in goal-directed behavior in in-
dividuals with PD has clinical implications. These skills can be cultivated in
patient-oriented education programs to improve coping mechanisms and
health outcomes.

2. Material and methods
2.1. Subjects

All subjects participated in the study after giving written informed
consent in accordance with the procedures approved by the Human Re-
search Protection Office of the Yale School of Medicine. Subjects were
recruited primarily through the Movement Disorders Clinic at the Yale
School of Medicine and the Connecticut Advocates for Parkinson's
group. The study was conducted at the Yale Magnetic Resonance Re-
search Center. All subjects underwent an initial screening for medical
history and MRI safety.

We included 35 subjects with a diagnosis of idiopathic PD according to
the UK PD Brain Bank criteria [11] and on a stable PD medication regimen
for at least one month. We excluded subjects with PD who met any of the
following criteria: They were not fully independent (n = 1), had a neuro-
logical or psychiatric disorder (other than PD and comorbid depression or
anxiety), had a medical condition that might affect the central nervous sys-
tem, had a history of alcohol or illicit drug abuse, had a history of head in-
jury resulting in loss of consciousness (n = 1), had dementia (Montreal
Cognitive Assessment (MoCA) score < 21) [12], had contraindications
for MRL
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2.2. Clinical data collection and analysis

We assessed disease severity and stage using the Movement Disorders
Society Unified Parkinson's Disease Rating Scale (MDS-UPDRS) [13] and
the Hoehn and Yahr (H & Y) scale [14]. The cut-off for H & Y for inclusion
was < 2.5 (i.e., mild bilateral disease with some impairment in balance) to
ensure that subjects were fully independent and could tolerate being off
medication. We examined the subjects in the morning when they were off
dopaminergic medications for 12 h and collected the MRI scans after they
took the first dose of their dopaminergic medication (3.5 h * 1.0).

We administered the Spielberger Trait Anxiety Inventory (STAI-T) [15],
Beck Depression Inventory-II (BDI-II) [16], Starkstein Apathy Scale [17],
Parkinson's Fatigue Scale (PFS-16) [18], and PD Quality of Life Question-
naire (PDQ-39) [19].

We used the Self-Regulation Scale (SRS) [20], which evaluates individ-
uals' overall skills when employing attention control (Supplementary Mate-
rial). The psychometric properties of the SRS have been validated in young,
middle-aged, and older adults [10]. We used the New General Self-Efficacy
Scale (NGSES) [6], which is a measure of individuals' belief in their overall
competence to perform in a variety of situations (Supplementary Material).
The psychometric properties of NGSES have been validated in young adults
[6,21].

We assessed the normality of distribution of the scores using the
Shapiro-Wilk test. The mean values and standard deviations (SD) of the nor-
mally distributed, and median values and median absolute deviations of the
non-normally distributed scores were compared with population mean
scores of the respective tests, when applicable, using one-sample t-tests (p
< 0.05, two-tailed).

We also performed stepwise linear regression analyses to explore the re-
lationship between motor and non-motor features of PD and self-regulation
and self-efficacy. We created two separate models in which SRS and NGSES
scores were used as independent variables and age, disease duration,
MoCA, STAI-T, BDI-II, apathy, PFS-16, PD Summary Index (PDSI) based
on the PDQ-39 scores, and MDS-UPDRS total scores were entered as predic-
tor variables in a stepwise manner (p < 0.05, two-tailed).

We used the SPSS 26 software for statistical analyses.

2.3. MRI data collection and analysis

We collected the MRI data in a 3.0 Tesla Siemens Trio TIM human re-
search scanner using a 32-channel head coil.

We collected high-resolution T1-weighted MPRAGE anatomical images
(176 slices, slice thickness: 1 mm, in-plane resolution: 1 X 1 mm, FoV:
250 mm, Matrix: 256 x 256, TR: 1900 ms, TE: 2.52 ms, TI: 900 ms, flip
angle: 9 degrees) for an accurate localization of the fMRI data in the begin-
ning of each scan session. Then, we obtained axial T2-weighted, echo pla-
nar functional images at rest for 10 min and 8 s (36 slices, slice thickness:
4 mm, no spacing; in-plane resolution: 3.5 X 3.5 mm, FoV: 224 mm, Ma-
trix: 64 X 64, TR: 2000 ms, TE: 25 ms, flip angle: 90 degrees, number of ac-
quisitions: 304). We instructed the subjects to keep their eyes closed, avoid
any voluntary movement, and let their mind wander. We assessed wakeful-
ness at the end of the scan by subjects' report.

We used the Connectivity toolbox for the resting-state data analysis [22].
Preprocessing steps included the removal of the first four scans to reach mag-
netization steady state, motion correction, outlier detection, coregistration of
functional scans with the anatomical scan, normalization to the standard MNI
template, and smoothing with an 8-mm kernel to account for inter-individual
anatomical variability. De-noising steps included the elimination of signal
originating from the white matter and cerebrospinal fluid, regression of mo-
tion artifacts and outliers from the time series, scrubbing, and quadratic
detrending. Finally, we bandpass-filtered (0.008 < f < 0.1 Hz) the data to
capture the fluctuations of the blood oxygenation level-dependent (BOLD)
signal that typically occur within this frequency range at rest.

We used the functionally defined nodes of major networks (default
mode, dorsal attention, salience, sensorimotor, visual, language, and cere-
bellar) in the Connectivity toolbox for the functional connectivity analyses
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[22]. For each subject, we extracted the BOLD signal time courses from
these nodes and correlated them with each other using Pearson correla-
tions. The “r” values corresponded to the functional connectivity strength
between node pairs. We Fisher z-transformed the “r” values and obtained
group-level functional connectivity maps for statistical analyses. Finally,
we used the SRS and NGSES scores as the covariates of interest and age as
a covariate of no interest in separate models to be correlated with these
maps. We used the false discovery rate (FDR) method for correction for
multiple comparisons (p < 0.05). In an exploratory analysis, we used the
apathy scores alone as the covariate of interest for correlation with these
maps.

3. Results
3.1. Demographic and clinical

Table 1 summarizes the data. The detailed statistical results are shown
in the Supplementary Table 1. Briefly, compared to the respective popula-
tion means, our PD cohort did not have significant apathy, depression, anx-
iety, or fatigue, and reported good quality of life. The SRS and NGSES scores
were also not significantly different from those of the respective population
mean scores [6,10]. The SRS and NGSES scores showed significant positive
correlation (Spearman's rho = 0.62, p = 0.000). In the stepwise linear re-
gression analyses, only the MDS-UPDRS total and apathy scores showed sig-
nificant negative correlations with the SRS and NGSES scores (Table 2). The
total MDS-UPDRS and apathy scores together accounted for 65.6% and
60.3% of variance in the NGSES and SRS scores, respectively (NGSES: F
(2, 32) = 30.45, p = 0.000 and SRS: F (2, 32) = 24.34, p = 0.000).

3.2. Imaging

Table 3 shows the node pairs whose functional connectivity showed sig-
nificant correlations with the SRS and NGSES scores and Fig. 1 shows the
nodes. Of note, in the exploratory analysis, the apathy scores did not
show a significant correlation with any of the pairwise functional connec-
tivity values.

Table 1
Demographic and clinical data (N = 35).
Age (yr) 64.3 = 8.7
Gender 10F,25M
Handedness 33R,2L
Onset side 22R,13L
Disease duration (yr) 6.2 + 3.8
H&Y 2.0 = 0.0
MDS-UPDRS
Part I 8.5 * 4.1
Part II 11.2 £ 5.4
Part III 27.7 + 7.3
Part IV 19 +26
Total 49.4 = 14.3
LEDD (mg) 523.8 = 335.3
MoCA 279 +19
STAI-T 34.5 = 10.5
BDI-II 7.6 £7.2
Apathy 8.7 £5.2
PDSI 17.5 = 11.7
PFS 2.3 0.9
SRS 30.8 = 4.6
NGSES 41 + 0.6

The age range was 45-79 years. Disease duration was defined as the time since the
first motor symptom was noticeable to the subject. BDI-II: Beck Depression Inven-
tory-1I, H & Y: Hoehn & Yahr, LEDD: Levodopa Equivalent Daily Dose, MDS-
UPDRS: Movement Disorders Society Unified Parkinson's Disease Rating Scale,
MoCA: Montreal Cognitive Assessment battery, NGSES: New General Self-Efficacy
Scale, PDSI: Parkinson's Disease Summary Index based on the PD Quality of Life-
39 questionnaire, PFS: Parkinson's Fatigue Scale mean score, SRS: Self-Regulation
Scale, STAI-T: Spielberger Trait Anxiety Inventory, F/M: Female/Male, L/R: Left/
Right.
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Table 2
Stepwise linear regression results.
t P

NGSES scores:
MDS-UPDRS total —-3.75 0.001
Apathy —4.67 0.000
SRS scores:
MDS-UPDRS total -2.99 0.005
Apathy —4.49 0.000

Both NGSES and SRS scores showed significant negative correlations with the MDS-
UPDRS total (beta = —0.14 and —0.12, respectively) and apathy (beta = —0.49
and —0.49, respectively) scores. The beta coefficients are unstandardized. MDS-
UPDRS: Movement Disorders Society Unified Parkinson's Disease Rating Scale,
NGSES: New General Self-Efficacy Scale, SRS: Self-Regulation Scale.

4. Discussion

We did not find deficits in self-efficacy or self-regulation in our PD co-
hort compared with the respective population data [6,10]. The SRS and
NGSES scores showed a significant positive correlation with each other sug-
gesting that self-efficacy and self-regulation are related psychological con-
structs. Considering the characteristics of our PD cohort, we think that
our findings are in line with the results of previous studies. In a study
assessing self-efficacy for managing daily activities, the responses of a
large cohort with chronic medical and neurological conditions were highly
skewed to the “very confident” level. A possible explanation for this ceiling
effect provided by the authors was that the medical conditions of these in-
dividuals might be good enough to live in the community [23]. In another
recent study investigating self-efficacy measures in various chronic neuro-
logical conditions, lower self-efficacy for managing daily activities and
symptoms was found in disorders with progressive symptoms including
neuropathy and PD. Overall, low income and greater disease severity
were also found to be associated with lower self-efficacy [7]. Our PD cohort
comprised participants with mild bilateral disease who were high-
functioning and community-dwelling individuals with financial stability
and family support. All were followed by movement disorders specialists
and were well-informed about PD. Presumably, these factors are associated
with their preserved capacity for self-efficacy and self-regulation.

It is not surprising that the apathy and MDS-UPDRS total scores corre-
lated negatively with the NGSES and SRS scores. The motivation and ability
to work toward a goal are fundamental for optimal self-efficacy and self-
regulation capacity. This finding further indicates that the confidence of
our PD cohort in their self-efficacy and self-regulation capacity is grounded
in realistic insights regarding their affect and abilities. We did not find a sig-
nificant correlation between any of the other predictor variables and
NGSES and SRS scores. This is partly because our PD cohort reported
good quality of life, did not suffer from fatigue, and had no significant de-
pression or anxiety. We did not specifically assess executive functioning,
however, the mean MoCA score indicates that overall cognitive functioning
was also intact in our PD cohort. Another possible reason is that the scales
used here, except trait-anxiety, measure states in a relatively short

Table 3
Correlations of SRS and NGSES scores with nodal pairwise functional connectivity.
t P

SRS
Positive correlation:
dACC (SN) - rAI (SN) 3.19 0.049
Negative correlation:
dACC (SN) - ILatPar (DMN) —-3.69 0.025
NGSES
Positive correlation:
dACC (SN) - rAI (SN) 3.53 0.040

dACC: Dorsal anterior cingulate cortex, DMIN: Default mode network, 1LatPar: Left
lateral parietal, NGSES: New general self-efficacy scale, rAl: Right anterior insula,
SN: Salience network, SRS: Self-regulation scale. p values are FDR-corrected.
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Fig. 1. The pairwise functional connections that showed significant correlations with self-efficacy (NGSES) and self-regulation (SRS) scores (FDR-corrected, p <
0.05). The nodes and connections are displayed on sagittal Montreal Neurological Institute (MNI) brain templates. dACC: Dorsal anterior cingulate cortex, rAl:
Right anterior insula, ILatPar: Left lateral parietal. Blue: Negative correlation, red: Positive correlation. The MNI coordinates of the nodes: dACC: x = 0,y = 22,
z = 35; lLatPar: x = =39,y = =77,z = 33;rAl: x = 47,y = 14,z = 0. See Table 3 for statistics.

timeframe (up to one month) whereas the NGSES and SRS are measures of
trait-like features that are not specific to any situation or domain of life.
These scales conceptualize self-efficacy and self-regulation as relatively sta-
ble personality variables [10,21]. A trait-like approach to self-efficacy and
self-regulation has received criticism with the argument that the scales
should reflect situation-specific, state-like measures; not decontextualized,
generalized measures [4]. On the other hand, the trait-like dimension is
thought to be more resistant to short-lived influences and more influenced
by accumulated life experiences [6,10]. Our results suggest that the NGSES
and SRS captured the stable personality traits of our PD cohort and demon-
strated their vulnerability to specific factors in the context of a chronic neu-
rological condition.

The NGSES and SRS scores also demonstrated correlations with the
functional connectivity between the hubs of major resting-state networks
including the salience network (SN) and default mode network (DMN).
The DMN is also known as the task-negative network. The traditional
DMN functions include self-related, internally oriented mental processes
[24]. In contrast, the dorsal attention network (DAN), known as the task-
positive network, is involved in goal-oriented tasks [24]. Finally, the SN
is involved in detecting salient internal and external events [25] and acts
as a “switch” between the DMN and DAN. Its main constituents including
the right anterior insula (rAl) and dorsal anterior cingulate cortex (dACC)
play a critical role in disengaging from internally-oriented mental focus
(mediated by the DMN) and reallocating the attentional resources to goal-
directed processes (mediated by the DAN) [26].

The NGSES and SRS scores of our cohort showed significant positive
correlations with the functional connectivity between the dACC and rAL
The SRS scores also showed a significant negative correlation with the func-
tional connectivity between the dACC and left lateral parietal cortex, which
is a major node of the DMN. These results suggest that attentional self-
regulation and self-efficacy require a strong salience-detection mechanism
in order to switch efficiently from a self-referential to a goal-oriented men-
tal state. This mechanism seems to be subserved by the coupling among the
nodes of the SN and decoupling of the SN from the DMN. Furthermore, the
coordinated activity of the rAl and dACC is also crucial for generating ap-
propriate responses to internal and external events based on one's aware-
ness [27]. The successful integration of awareness with response is
fundamental for self-regulation and self-efficacy. More specifically, the
rAl integrates the physiological, affective, and cognitive states, thereby,
plays a critical role in creating body- and self-awareness [27]. This aware-
ness is thought to serve as the basis for the selection of and preparation
for context-specific responses facilitated by the dACC [28]. For example,
the sense of self-agency during voluntary movements [29] and making

intentional action decisions [30] have been found to engage the Al and
dACC. In line with these findings, our results suggest that successful self-
regulation and self-efficacy are also supported by the strong coupling of
the rAI-dACC.

Interestingly, the apathy scores did not show a significant correlation
with the functional connectivity between any node pair. Yet, altered metab-
olism in limbic regions including the ventral striatum, orbitofrontal cortex,
and ACC [3]; and reduced resting-state functional connectivity within these
limbic circuits have been shown in patients with PD and apathy [31]. The
fact that our PD cohort as a group was not apathetic might underlie the
lack of a relationship between apathy scores and functional connectivity.
More importantly, our findings indicate that self-efficacy and self-
regulation are sensitive measures for goal-directed behavior and map
onto specific neural correlates even in the absence of apathy.

This exploratory study has several limitations. The NGSES and SRS
are not validated tools for use in clinical populations including PD.
Moreover, the validity of generalized trait as opposed to situation-
dependent state measurements of self-efficacy and self-regulation is
still debated [4,6,10]. We performed our statistical analyses based on
the population data from middle-aged and older adults for the SRS,
but the population data were obtained from young adults and a small
group of older managers for the NGSES. Our cohort size is relatively
small and consists of individuals with mild disease limiting the general-
izability of our findings. Future studies should investigate self-efficacy
and self-regulation in larger cohorts of PD stratified based on disease
stage and use both trait and state measurements.

In conclusion, our findings suggest that self-efficacy and self-regulation
are valuable psychological constructs that provide a more holistic social-
psychological-neurobiological framework in understanding the individuals
with PD not only as patients, but also as agents with the capacity to control
and change their circumstances despite their disease-specific vulnerabil-
ities. These constructs also contribute to a more comprehensive real-life
evaluation of individuals' metacognitive skills beyond the standard
neurocognitive tests which are confined to controlled settings [32]. The
correlative nature of our study precludes causal inferences, but it is tempt-
ing to think that the high-functioning status of our PD cohort might be re-
lated to their self-efficacy and self-regulation capacity consistent with
previous reports demonstrating that these measures are strong predictors
of global health and quality of life [7]. Importantly, this capacity should
not be taken as a rigid personality trait, but rather as a plastic moderator fa-
cilitating adaptive behavior. Thus, educational programs for individuals
with PD to improve self-efficacy and self-regulation skills could be benefi-
cial in coping with various challenges [33]. Our imaging results may
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serve as neurobiological markers to demonstrate the effectiveness of such
interventions.
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