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Introduction: Chronic pain is prevalent in idiopathic Parkinson’s disease (PD) with many
individuals also experiencing cognitive deficits negatively impacting everyday life.
Methods: In this study, we examine differences in pain severity and interference between
113 nondemented individuals with idiopathic PD who were statistically classified as having
low executive function (n=24), low memory function (n=35), no cognitive deficits (n=54).
The individuals with PD were also compared to matched non-PD controls (n=64).

Results: PD participants with low executive function reported significantly higher pain
interference (p<0.05), despite reporting similar pain severity levels compared to other
phenotypes. These differences remained statistically significant, even after accounting for
important confounders such as anxiety and depression (p<0.05).

Discussion: Pain interference in those with lower executive function may represent a target
for psychosocial interventions for individuals with pain and PD.
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Introduction

Idiopathic Parkinson’s Disease (PD) affects at least 1.5 million people in the United
States leading to disabling motor and non-motor impairments. Cognitive deficits are
common in PD with patients experiencing problems across several domains.'™
Chronic pain is also commonly reported by this population compared to age-
matched non-PD peers®® with pain being a significant source of disability that
often precedes motor symptoms.'°

Pain is a multidimensional experience made up of interacting sensory, motor,
cognitive and emotional components. In regards to cognition, chronic pain sufferers
often present with executive function deficits (see'' for a meta-analysis) and acute
experimental pain reduces executive function abilities in healthy, pain-free
individuals.'*"* Pain inhibition and modulation is associated with prefrontal cor-
tical regions,'* while executive dysfunction in PD is caused in part by dysfunction
in cortico-striatal loops involving frontal regions.'> These similarities suggest that
individuals with PD and executive difficulties may also experience more interfer-
ence in their daily activities due to pain because of decreased function in prefrontal
brain regions needed for pain inhibition.

The aim of this brief report was to compare self-reported pain severity and
interference among individuals with PD shown in separate studies to have reduced
executive or episodic memory function relative to cognitively healthy individuals
with PD and non-PD peers.'®!” We compared pain severity and interference across
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three statistically derived clusters of PD cognitive pheno-
types (PD Executive, PD Memory, and PD Cognitively
Well). Based on known shared neural substrates of pain
modulation and PD pathophysiology, we hypothesized
individuals with PD and low performance in executive
function tasks would experience significantly greater pain
severity and pain interference compared to other patterns
of cognitive functioning after controlling for relevant PD
and pain-related variables.

Methods

Participants

This study was part of a federally funded investigation
focused on cognitive function and PD, in cooperation with
the University of Florida’s Center for Movement Disorder
and Neurorestoration, with approval of the University of
Florida’s Institutional Review Board, and in compliance
with the Declaration of Helsinki. Participants with PD
were recruited through movement disorder clinic referrals
and advertisements to local MDC support groups affiliated
with the movement disorder clinic. Idiopathic PD was con-
firmed by a fellowship-level movement disorder specialist,
using UK Parkinson’s Disease Society Brain Bank Clinical
Diagnostic Criteria.'® Individuals with early, mild to mod-
erate PD with a Hoehn and Yahr scale'® score between
1 and 3 were included. The predominant motor PD pheno-
type; ie, tremor dominant vs postural instability-gait diffi-
culty was assessed clinically based on the first presenting
symptom or predominant symptomatology on initial and
subsequent exams (and also of primary concern to the
patient). Non-PD participants were recruited through 1)
mailings to demographically similar individuals in two
counties, 2) community fliers, and 3) free community mem-
ory screenings. Exclusion criteria included other neurode-
generative disorders, significant disease that could limit
lifespan, major psychiatric disorder, or dementia deter-
mined from structured telephone interview and medical
record review. Depression and apathy were not exclusion
criteria due to high prevalence in PD.?*?! Participants in the
current study provided informed consent and are a subset of
participants also reported in a separate manuscript investi-
gating PD cognitive phenotypes and brain structure.'®

Clinical Measures

Measures were administered using standardized and vali-
dated methods as previously reported by our group and
others.>'® While on-medication, participants completed

neuropsychological testing, as well as measures of 1) PD
symptom severity (ie, Unified Parkinson’s Disease Rating
Scale (UPDRS?); 2) pain severity and interference (ie, the
Brief Pain Inventory (BPI)*®); 3) disease comorbidity (ie,
Charlson Comorbidity Scale®*); and 4) depression (ie, the
Geriatric Depression Scale; GDS?). Medications were
reverted to a common metric and compared for dopami-
nergic (Levodopa Equivalency Dose; LED*®), and antic-
holinergic levels.”” Raters blinded to diagnosis double
scored and double entered all data.

Cognitive Measures and Coghnitive
Phenotypes

The methods for deriving the cognitive phenotypes is
described elsewhere.'® Cognitive phenotypes were derived
from executive function and episodic memory measures
including WAIS-III Letter-Number Sequencing and Digit
Symbol tests,”® Stroop Color-Word Test color-word trial,*
Trail Making Test Part B,* Hopkins Verbal Learning Test,
Revised delay and recognition discrimination measures,*'
and WMS-III Logical Memory delay recall.*? The cluster
analysis yielded three distinct cognitive phenotypes: 1)
participants with the lowest performance across processing
speed and executive tasks (PD Executive); 2) participants
with the lowest performance in learning and memory tasks
(PD Memory); and 3) participants with relatively normal
performance across all measures (Cognitively Well). The
final cluster solution underwent internal and external vali-

dation procedures.'®!’

Statistical Analyses

The empirically derived clusters were reconfirmed relative
to a previous report'® and compared across demographic
and health-related measures using a one-way analysis of
variance (ANOVA) for normally distributed, Kruskal—
Wallis ANOVAs for non-normally distributed continuous
variables, and chi-square tests for nominal variables.
Demographic and disease-related characteristics signifi-
cantly different across clusters at a p<0.100 were included
as covariates in subsequent analyses. First, an ANCOVA
compared pain severity between cognitive phenotypes and
non-PD peers with age, sex, and years of education as
covariates. PD phenotypes were also considered for differ-
ences in disease duration and motor severity. A second
ANCOVA compared pain interference between cognitive
phenotypes and non-PD peers, but with pain severity added
as a covariate. Where the omnibus analysis was significant,
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post-hoc analyses compared the groups with a Bonferroni
correction for multiple comparisons. Finally, these analyses
were repeated with GDS as an additional covariate due to
the established association between depression and both
chronic pain®® and executive function.** A p<0.05 was
considered statistically significant.

Results

Cognitive Phenotypes

The final sample included 113 individuals with PD and 60
non-PD peers; of the original recruitment sample, eight
participants (3 PD, 5 non-PD) did not complete the BPI
and thus were not included here. The three cognitive phe-
notypes consisted of 1) participants with the lowest perfor-
mance across processing speed and executive tasks (PD
Executive, N=24); 2) participants with the lowest perfor-
mance in episodic memory tasks (PD Memory, N=35);
and 3) participants with normal performance across all
measures (PD Cognitively Well, N=54). Neuropsychology
scores are provided (Supplementary Table 1). Groups dif-

fered significantly in years of education (Executive < Non-
PD), disease duration (Memory < Executive), UPDRS Part
IT (Cognitively Well < Executive), depressive symptom
severity (Executive < Non-PD), and anticholinergic burden
(Non-PD < Cognitively Well; Supplementary Table 2).

Pain Differences - Cognitive Phenotypes

After controlling for age, sex, disease duration, and educa-
tion, there were no significant cluster differences in the
BPI pain severity subscale with participants across all
clusters reporting mild pain ratings. However, clusters
differed significantly in the BPI pain interference subscale
after controlling for these covariates. Post-hoc tests with
Bonferroni correction showed that the PD Executive clus-
ter reported significantly higher pain interference than
Cognitively Well phenotype (p=0.01) and non-PD peers
(p<0.01, Supplementary Tables 3 and 4, Figure 1).

Findings did not change significantly after controlling for
GDS score (Supplementary Table 5).

Discussion

Individuals with PD who showed more difficulty on work-
ing memory and inhibitory function tests reported higher
levels of pain interference than individuals with PD and no
cognitive difficulties, as well as higher interference than
non-PD peers. Yet, each PD group reported similar pain
severity even after accounting for important PD and pain-
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Figure | Brief Pain Inventory pain severity and pain interference across the
cognitive phenotypes. *Statistically significant differences across groups.

related covariates including depression. These findings are
consistent with the existing literature supporting an asso-
ciation between chronic pain and impaired executive func-
tion (see meta-analysis by Berryman et al, 2014'"), with
greater levels of pain usually associated with greater levels
of executive impairment. The association between pain
and cognition in PD was also reported by Okada and
colleagues (2016), who found decreased amplitudes of
pain-related somatosensory evoked potentials and
impaired attention and memory in individuals with PD.*
Some prior research, however, did not find an association
between executive functioning and pain. Engels and col-
leagues (2016) reported that mood, and not any measured
cognitive construct, was a significant predictor of pain in
individuals with PD. However, this study did not assess
pain interference directly,*® and this is consistent with the
similar pain severity across the clusters in the present
study.

Associations between executive function and pain inter-
ference are theoretically consistent with neurophysiology.
Prefrontal brain regions are crucial for both executive func-
tion and pain inhibition and modulation, and the prefrontal
cortex changes in persons with PD.'**"*® Individuals with
PD show more activity in cingulate and precuneus regions
during painful stimulation compared to age-matched non-

PD peers,*”*°

and individuals with PD and persistent pain
have thinner prefrontal and frontal cortex than individuals
with PD and no persistent pain.*' Alterations to frontal lobe
integrity (outside of atrophy alone) may account for our

observed differences in pain interference without significant
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differences in pain severity; there are known neuroanatomi-
cal differences in the processing of pain severity versus its
perception of interference.'***** Frontal regions are highly
interconnected with subcortical regions involved in pain
modulation'* and emotional regulation for appropriately
directing behavior.

Study limitations include the sample size, homogeneous
sample from a diversity and geographic standpoint and
reliance upon self-report measures of pain versus experi-
mental measures of pain response. Additionally, all testing
was conducted on-dopaminergic medication in order to
achieve the best test performance. We encourage future
research examining off-medication pain and cognitive pro-
files, as well as interactions between pain, cognition, and
motor presentation. Strengths include the well-characterized
cohort of individuals and considerations of two common
cognitive complaints (reduced attention and memory) in
relation to pain. Our study provides initial evidence for the
association between frontal function (working memory, inhi-
bition) cognitive symptoms in PD and the self-report of pain
interference. Pain interference is a core component of
health-related quality of life in assessing pain treatments,*
representing an important domain that should be targeted for
psychosocial interventions in persons with PD. Future long-
itudinal studies are needed to decipher the directionality of
these findings and the neurobiological substrates accounting
for the high pain interference in individuals with PD and
executive function. Such multifactorial approach may also
lead to development of evidence-based pain treatments that
are tailored to individuals’ cognitive profiles.
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