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Abstract. Non-pharmacological interventions, including cognitive-behavioral therapy (CBT), non-invasive brain stimulation
(NIBS), electroconvulsive therapy (ECT), light therapy (LT), and physical rehabilitation/exercise, have shown promise as
effective approaches to treat symptoms of depression and anxiety in individuals with Parkinson’s disease (PD). In this
narrative literature overview, we discuss the state-of-the-art regarding these treatment options and address future perspectives
for clinical practice and research. Non-pharmacological interventions hold promise to treat depression and anxiety in PD.
There is meta-analytic evidence for the efficacy of CBT, NIBS, ECT, LT, and exercise on improving depressive symptoms.
For the treatment of anxiety symptoms, CBT shows large effects but scientific evidence of other non-pharmacological
interventions is limited. Importantly, these treatments are safe interventions with no or mild side-effects. More research is
needed to tailor treatment to the individuals’ need and combined interventions may provide synergistic effects. We conclude
that non-pharmacological interventions should be considered as alternative or augmentative treatments to pharmacological
and neurosurgical approaches for the treatment of depression and anxiety in individuals with PD.
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Practical take home messages

Non-pharmacological interventions hold promise to treat depression and anxiety in PD however, for anxiety the scientific
evidence is limited

The neural correlates for these intervention effects are still largely unknown.

Cognitive Behavioral Therapy (CBT)

CBT is probably effective for the treatment of anxiety and depression in PD, but disease-specific treatment protocols are
needed for it to better fit PD-specific anxiety and depression symptoms

Internet-based CBT may improve the feasibility of intensive treatment and CBT may be combined with other treatment

modalities to improve its efficacy

Electroconvulsive Therapy (ECT)

ECT is indicated for treatment resistant depression in PD

Non-Invasive Brain Stimulation (NIBS, e.g., repetitive Transcranial Magnetic Stimulation, transcranial Direct

Current Stimulation)

NIBS can be considered as a possible non-invasive intervention for depression in PD, the evidence for anxiety is less clear.

Light Therapy

LT it is an interesting treatment option for depression in PD as it can be performed at home and has minimal adverse effects,

no evidence for anxiety is currently available.

o

Physical Rehabilitation / Exercise

V3
Any type of exercise (mild, moderate, or high intensity) is likely to have a positive effect on mood iansulting from

possible neuroplasticity mechanisms.

INTRODUCTION

People living with Parkinson’s disease (PD) typ-
ically present with motor symptoms, but depressive
and anxiety disorders are common and highly dis-
abling neuropsychiatric symptoms in PD, with a
estimated prevalence of up to 50% [1]. These sy

toms are cited among the most troubling for geopl

with PD and are associated with significant cﬁsj
quality of life [1]. Also, depression, With@out
comorbid anxiety symptoms, is a pr aMharker
of PD [2], manifesting often as fi tom of PD
many years before motor sym t%ear. The rel-
atively larger prevalence of tWand depression
in PD may be explaine elated aberrations
in brain circuits that afg dependent on dopamine,
serotonin and noradrenalific; specifically related to
the limbic cortico-striato-thalamo-cortical circuit and
the ‘fear’ circuit (with a major role of the amyg-
dala) [3, 4]. Management of depression and anxiety
by optimizing dopaminergic treatment can be effec-
tive in case the affective dysregulation is related
to suboptimal dopaminergic supplementation. The
use of selective serotonin reuptake inhibitors can
be considered, as it has shown effectiveness [5].
However, pharmacological options are not always
well tolerated, may have suboptimal efficacy and
undesirable side effects, and can be complex to
implement due to polypharmacy [6]. Therefore, it
is important to consider non-pharmacological treat-
ments that may provide an alternative for or augment
current pharmacological and neurosurgical treatment
options. The objective of this paper is to provide

-/

cliniciangagh] réSearchers with an up-to-date com-
preh cqeview of the current state-of-the-art in
key -pharmacological interventions. We focus

ognitive-behavioral therapy, non-invasive brain

lation, electroconvulsive therapy, light ther-

, and use of physical rehabilitation/exercise for

reatment of depression and anxiety in PD. We high-

light promising results, hypothesized mechanisms of
action, and future directions.

COGNITIVE-BEHAVIORAL THERAPIES

Psychological therapy options are regarded as the
gold standard for the treatment depressive and anx-
iety disorders. Cognitive behavioral therapy (CBT)
is an umbrella term for the set of therapeutic meth-
ods that finds its roots in the conditioning theories.
It focuses on improving psychological well-being
by challenging negative thoughts and related dys-
functional behavior (such as avoidance). Recently,
acceptance and commitment therapy (ACT), a ‘third-
generation’ CBT method, has specifically received
attention for the treatment of depressive and anx-
iety disorders in individuals with chronic illness.
ACT, based on the relational frame theory, aims
to strengthen two axes of psychological flexibility:
mindfulness and acceptance processes, and behav-
ioral change and committed action to personal values
(see, e.g., [7]).

The neural correlates of CBT for the treatment of
anxiety and depression are still largely unknown, in
PD but also in the general population. A hypoth-
esized mechanism of action of CBT is that CBT
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may strengthen brain circuits that are, for example,
involved in cognitive control (frontoparietal net-
work), emotion regulation and response inhibition
(cortico-striato-thalamo-cortical circuits). One study
in PD found evidence for normalization of disrupted
connectivity in the limbic and fear circuits, in addition
to improved cognitive control by enhanced connec-
tivity within and between the central executive and
salience resting-state networks, following CBT for
the treatment of anxiety symptoms [8]. More research
is needed to gain a better understanding of the effect
of CBT on brain circuitry.

In the general adult population, CBT is regarded
an evidence-based intervention for depressive disor-
ders and anxiety disorders including panic disorder,
generalized anxiety disorder and social anxiety dis-
order [9]. The effect sizes of CBT for the treatment
of depression and anxiety disorders in the general
population are small to moderate (as compared with
usual care) [10]. Moreover, the effects are durable
[11] and, for most disorders, equal to those of taking
antidepressant medication [12]. While psychologi-
cal interventions for elderly individuals were long
thought to be ineffective, nowadays this belief has
been refuted [13, 14]. Also, cognitive impairment i
often viewed by clinicians as a contra—indication&
the use of CBT, but there is meta-analytic eit
uncertain—evidence that with adaptations

viduals [15].
In PD, the use of CBT for the t

in clinical practice. In gener:
positive effects for the tr anxiety symptoms
(Standardized mean di@e (SMD) -0.85, 95%
Confidence Interval (CI) =T.12 to —0.58, p<0.001,
I =0%), and large but heterogeneous effects for the
treatment of depression compared with waiting-list or
treatment as usual control groups (SMD -0.83, 95%
CI -1.26 to —0.40, p<0.001, I>=55%) [16]. CBT,
including mindfulness-based methods like ACT, can
additionally improve psychological distress in per-
sons living with neurologic diseases including PD
[17]. There are individual studies suggesting durabil-
ity of CBT effects in PD [18, 19] but more evidence
from randomized clinical trials (RCTs) is needed,
specifically given the progressive neurodegenerative
nature of the disease. Remission rates of depressive
and anxiety disorders after CBT have rarely been
studied in PD to date.

There is room for improvement in the psycho-
logical treatment of depression and anxiety in PD.

First, disease-specific treatment protocols are impor-
tant to account for PD-specific anxiety and depression
symptoms, that can be related to, e.g., fear of falling,
wearing-off related stress responses, and feelings of
shame. In PD, depression and anxiety symptoms
do not seem to fit the classification system of the
DSM-5. Anxiety roughly can consist of episodes
without comorbid depressive symptoms, or more per-
sistently with comorbid depression [20]. PD-specific
symptoms of anxiety are reportedly related to psycho-
logical distress due to the diagnosis or (general and
wearing-off related) symptoms of PD, but also social
anxiety due to PD-related symptoms, fear of losing
control, persistent worrying, feelings of inner unrest,
panic episodes and fearf falling [21]. Depression, in
turn, can present in g ous-depressive subtype, or

in patients hjor depressive disorder (MDD)
[23].
In nigns should be adapted to optimize

effica® for example by constructing specific inte-
ptive and imaginal exposure interventions to
pg with anxiety related to wearing-off. Some
all studies have already shown efficacy of such
disease-specific CBT protocols [18, 24]. However,
PD-specific consensus protocols are needed to work
towards best-practice methods. Second, internet-
based CBT may enhance the feasibility of intensive
psychological treatment, as it may not always be
feasible for individuals with PD to have weekly
face-to-face therapy sessions due to mobility issues.
Studies have already shown promising results of
internet-based interventions (see, e.g., [25]). Third,
combination interventions may prove more effica-
cious than use of psychological therapy alone. For
example, CBT may be combined with physical ther-
apy for the treatment of wearing-off related affective
symptoms [24] or non-invasive brain stimulation may
add to the effects of CBT [26]. More knowledge about
the neural correlates of CBT in PD will addition-
ally improve the efficacy of combining CBT with
non-invasive brain stimulation.

NON-INVASIVE BRAIN STIMULATION

In recent years, non-invasive brain stimulation
(NIBS) techniques, such as repetitive transcranial
magnetic stimulation (rTMS) and transcranial direct
current stimulation (tDCS), have emerged as poten-
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tial non-pharmacological interventions for managing
motor and non-motor symptoms in PD [26, 27],
including cognitive decline and affective symptoms
such as depression and anxiety. By targeting specific
cortical areas that act as an ‘entry point’ to relevant
brain circuits, rTMS and tDCS may normalize corti-
cal excitability, modulate activity in inter-connected
brain regions, improve brain network connectivity
and promote neuroplasticity [28, 29]. The mecha-
nisms underlying its therapeutic effects in depression
and anxiety relate to the modulation of specifi-
cally those dysfunctional neural circuits associated
with mood and anxiety regulation, and cognitive
control.

Repetitive transcranial magnetic stimulation

rTMS involves the application of electromagnetic
pulses to specific regions of the brain to modulate
brain circuit function. In the context of PD, ini-
tial studies focused on improving motor functioning,
targeting the primary motor cortex (M1), result-
ing in enhanced dopamine release in striatal areas
[30, 31]. rTMS has also shown promise as a treat-

such as depression and anxiety [32, 33]. Various
gets (primary motor cortex, pre- supplementar

area, and left or right dorsolateral prefr

tex (DLPFC)) and stimulation protocol@een
used, with high-frequency (5-10 tar-
geting the left DLPFC most recent
meta-analysis by Chen et al. % the effects
of rTMS for depression in dies, includ-
ing 511 patients) show S (mainly 5Hz
rTMS to the left DLPF@CS a significant reduc-
tion in severity of depreSSion when compared to
sham stimulation (SMD -0.621, CI -0.964 -0.278),
with effect sizes similar to use of antidepressant
medication. An accelerated form of magnetic stim-
ulation concerns theta-burst stimulation (TBS). A
recent meta-analysis by Cheng et al. [35] on the
effects of TBS in PD (both targeting M1, aimed to
improve motor function; and the DLPFC, aimed to
treat depression) included only 2 RCTs on DLPFC
intermittent TBS stimulation with severity of depres-
sive symptoms as primary outcome measure [36, 37]
and showed an antidepressant effect in one [36] but
not the other trial. The evidence regarding the effi-
cacy of rTMS for anxiety in individuals with PD is
relatively limited compared to depression. A more

recent meta-analysis by Zheng et al. [26], based on
29 randomized controlled trials on rTMS in both

depression and anxiety in PD (including only 5 stud-
ies reporting on the effects on anxiety), showed
a significant (and clinically relevant) rTMS effect
on depressive symptoms (SMD -0.75, CI -0.99 to
—0.50), but not anxiety (SMD -0.29, CI — 0.76 to
0.17,) or apathy (SMD -0.05, CI -0.39 to 0.50),
when compared to sham stimulation. When rTMS
was used as adjuvant to other pharmacological or
non-pharmacological treatments, rTMS showed a
significant added value on both depressive symptoms
and anxiety as compared to these other treatments
alone.

Transcranial direct CMQ stimulation

e NIBS technique, tDCS,
low-intensity direct cur-
nJelectrodes to modulate cortical
s technique can either increase
lation) or decrease (cathodal stimula-

(ano 1
tion) ironal activity in targeted brain regions. tDCS

rent throu
excitabild

sidered safe, well-tolerated, and relatively inex-
ve, making it an attractive treatment option for
ment for cognitive decline and affective sympto & jpdividuals with PD and comorbid psychiatric symp-

toms [38, 39]. Based on a meta-analysis in healthy
adults, tDCS results in significant reduction in symp-
toms of depression and anxiety [40]. In PD, tDCS
has been mainly studied in the context of motor func-
tion and cognitive rehabilitation [39]. Regarding its
application for the treatment of depression and anxi-
ety in PD, anodal stimulation of the left DLPFC (in an
open-labeled feasibility study) was associated with
improvements in depressive symptoms [41]. How-
ever, further research is needed to establish its efficacy
and optimal stimulation parameters for depression
and anxiety treatment in PD.

In summary, while rTMS and tDCS hold promise
as non-invasive, non-pharmacological treatments for
depression and anxiety in PD, several limitations
should be considered. First, the studies on the efficacy
of tDCS in the treatment of depression and anxiety are
scarce. Second, the optimal stimulation parameters of
NIBS, such as target, intensity, frequency, and dura-
tion, have not been definitively established. Third, the
long-term effects and the potential for relapse after
discontinuation of treatment require further inves-
tigation. Fourth, large-scale randomized controlled
trials are needed to provide cost-effectiveness and
safety. Fifth, the field will profit from the current inno-
vations towards personalized stimulation protocols
and home-based treatments.
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ELECTROCONVULSIVE THERAPY

Electroconvulsive therapy (ECT) is the most effec-
tive treatment for severe and treatment-resistant
depression, by the induction of seizures through
electrical brain stimulation under short-term anes-
thesia [42]. The working mechanism of ECT
remains unclear, but recent studies suggest neu-
roplastic changes induced by ECT. Schurgers and
colleagues showed that ECT-induced reduction in
depression severity is found to be related to increased
mRNA expression of brain-derived neurotrophic fac-
tor (BDNF) and related genes, which correlated with
changes in DNA methylation of these genes and
increased serum BDNF protein levels after treatment
[43]. The dentate gyrus of the hippocampus is espe-
cially relevant for the neuroplastic effects of ECT and
shows a very region-specific volume increased after
ECT [44].

Although ECT has been employed for decades in
adult and geriatric populations [45], including PD
patients with depression, its effectiveness in indi-
viduals with PD is still under-researched [46]. A
systematic review on the effects of ECT in PD

encompassing one retrospective case study, two
rospective chart reviews, 27 single case repory;

13 case series. This overview showed tN\no
than 93% of patients experienced an i epnent
in their depression symptoms and a se for
whom motor function was asses & % reported
an improvement in motor sympt g with their
depression. Although the oftg & c®negative effects
on cognition were limitedse Agall subgroup, higher
occurrence of adverse effectsfpccurred, mainly delir-
ium and transient confusSt®n, probably related to
anesthesia, which sometimes led to treatment discon-
tinuation. Considering that autonomic dysregulation
and falls are common in PD, ECT may potentially
exacerbate issues like urine retention and fall rates
[47].

A more recent meta-analysis aimed to assess the
impact of ECT on motor and non-motor symptoms in
PD [46]. Among a total of 14 studies (n=129), there
was one randomized controlled trial, nine prospective
observational studies, and four retrospective stud-
ies. ECT had a significant positive impact on motor
manifestations in a subpopulation of PD without psy-
chiatric symptoms (SMD 1.18, CI 0.87-1.49). ECT
significantly improved depression (SMD 1.33, CI
0.42-2.24) and psychosis (SMD 1.64, CI 0.90-2.38)
and was found to be effective in relieving the wearing-

off phenomenon (SMD 0.71, CI 0.28-1.14) without
causing any worsening of cognitive function (even
small improvement, probably related to improved
mood).

In summary, despite the scarce literature on con-
trolled studies on the efficacy, durability, and side
effects of ECT in PD, ECT can be considered a safe
and fast-acting treatment for severe depression in PD
when other methods do not sufficiently reduce the
burden of depression. However, strategies to deal with
transient post-ECT delirium/confusion and risk of
relapse after treatment discontinuation warrant fur-
ther research.

LIGHT THERA@Q
In indivj @\h PD, the circadian rhythm can
become due to various factors, contribut-

ing t sive symptoms and sleep disorders [48,
49]. circadian rhythm is generated by the ‘cir-

rained to the 24-hour day-night cycle by “zeitge-

rs”, of which light is the most important one for
humans. Light excites specialized melanopsin con-
taining ganglion cells in the retina (melanocytes), that
project a “daytime” signal towards the SCN via the
retino-hypothalamic tract.

Individuals with PD show decreased neuroplastic-
ity and altered neurophysiology of the SCN neuronal
network as well as neurodegeneration of dopaminer-
gic cells in the SCN [50], making individuals with
PD more prone to circadian rhythm disturbances.
Moreover, treatment with levodopa or dopaminer-
gic agonists can alter the rhythmic expression of
CLOCK genes (genes involved in the temporal regu-
lation of the transcriptome), inducing changes in the
circadian rhythm [50]. Finally, various PD-related
symptoms, like excessive daytimes sleepiness and
sleep-disrupting motor and non-motor symptoms,
can negatively impact the sleep-wake cycle, lead-
ing to further perturbation of the circadian rhythm
[48]. Wrist-worn actigraphy shows a phase advance
of the sleep—wake cycle in later stage PD and a
decrease in the amplitude of the circadian rhythm,
due to the presence of greater nocturnal activity and
lower daytime activity [51]. A disturbed circadian
rhythm in individuals with PD is also expressed in
the timing of core body temperature rhythms and
secretion patterns of melatonin, the ‘sleep hormone’

Man pacemaker’, located in the suprachiasmatic
tus (SCN) of the hypothalamus. Its rhythm is
e

by Borisovskaya et al. [47] included 43 studies
AN
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[52-55]. As serotonin, noradrenalin and dopamine all
have a circadian rhythm in their release, synthesis-
related enzymes and the expression and activity of
their receptors, it is conceivable that a disturbed
circadian rhythm can have a negative impact on
both PD-related motor and non-motor symptoms [49,
55].

Light therapy (LT) involves the daily rhyth-
mic exposure to light-emitting devices, restoring
the circadian rhythm by stimulating the SCN via
melanocytes in the retina. As LT has few contraindi-
cations and side-effects, it is an attractive treatment
option. LT has been used to treat mood and cir-
cadian rhythm sleep disorders for many years, and
has received increasing scientific attention in PD
research over the past decade. A recent meta-analysis
by Sun et al [56] on the efficacy and safety of LT for
both motor and non-motor symptoms of PD shows
positive effects on depression in PD [56]. This meta-
analysis included four RCTs with a total of 234
participants with PD. The included studies compared
different phototherapy devices, including light boxes,
portable head-mounted devices and fluorescent tubes,
to placebo devices with the same appearance. All tri-
als assessed the effect on depressive symptoms, usin
the Beck Depression Inventory (BDI) and Hami
Depression Rating Scale [57-60]. The meta-a Si
demonstrated a significant improvement i m
sion in the LT group as compared to the ¢ oup
(SMD -0.27,CI-0.52t0-0.02, P=0 ioMfuality
of evidence; [56]). Moreover, tw s evaluated
the effectiveness of LT in sleep i 122 partici-
pants [57, 60], demonstrated ally significant
improvement of sleep ( Nifference 3.45,CI10.12
to 6.78, P=0.04, highl\@ of evidence; n=122,
[56]). The three trials asS€ssing anxiety (n=141)
found no significant improvement in the LT group
[56-58, 60]. None of the reviewed studies reported
any significant adverse effects, only mild and tran-
sient adverse effects like minor eye discomfort and
headache. Limitations of the meta-analysis include
the limited number of RCTs, some of them with small
sample sizes, and the use of different light devices and
treatment regimens.

In conclusion, LT can restore the disrupted circa-
dian rhythm in individuals with PD, resulting in a
decrease in depressive symptoms and positive effect
on sleep. However, there is no evidence, to date, for
the efficacy of LT for the treatment of anxiety symp-
toms. As LT has minimal adverse effects and can
be performed at home, it is an interesting treatment
option for depression in PD.

PHYSICAL REHABILITATION/EXERCISE

Physical rehabilitation/exercise is expected to
affect neurostructural and chemical processes in PD.
Studies suggest co-morbid depression or anxiety
in PD correlates with abnormalities in expres-
sion of inflammatory cytokines, receptor availability,
neurotrophin level, brain volume and connectivity,
dopamine, norepinephrine, and serotonin availabil-
ity [61]. It has been hypothesized that exercise may
exert influence on each of these structural and neu-
rochemical processes [61, 62]. Preliminary evidence
from human studies in people with PD without
depression or anxiety suggests physical rehabilita-
tion/exercise might incggse D2/3 dopamine receptor
availability [63, 64 'se endogenous release of
anti-inflammatory s (including interleukin-
10, a valid i

alter neurotrophin levels (including BDNF)

EM an
’lqb 70-72]. Only two studies reported on exercise-
@uced changes in BDNF in patients with PD

with co-morbid depression or anxiety. Sajatovich
and colleagues [73] studied group aerobic/resistance
exercise in PD with co-morbid depression, and
showed improved Montgomery-Asberg Depression
Rating Scale (p<0.001) associated with a 3-fold
increase in plasma BDNF (p <0.001). Anxiety did
not change. Landers and colleagues showed in their
trial, comparing “high-intensity exercise boot camp”
and usual care, that plasma BDNF and interleukin
10/tumor necrosis factor-a ratio improved; however,
BDI scores did not [74].

In the adult healthy population, physical exercise
(defined as “subcategory of physical activity that
is planned, structured, and repetitive with the pri-
mary purpose of improvement or maintenance of
physical fitness, physical performance, or health”) is
moderately effective in improving depression (SMD
—0.62, CI-0.81 to —0.42, 35 studies, N= 1353, [75]).
In individuals with PD, a large range of physi-
cal rehabilitation and exercise interventions (e.g.,
aqua-based training, gait/balance/functional training,
multi-domain physical training, dance, mind-body
training (e.g., tai chi or yoga), endurance train-
ing, strength/resistance training have shown positive
effects on both motor symptoms and quality of life as
shown in a recent Cochrane network meta-analysis
(156 studies, 7,939 participants [76]). More inten-
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sive exercise is suggested to be more effective, as
shown by a large RCT on treadmill training in
PD [77].

Regarding its effects on anxiety and depression, a
regular exercise regimen is associated with reduced
prevalence of depression in PD [78]. However, a lim-
ited amount of studies have specifically focused on
depression and/or anxiety as main target for exercise
interventions in PD. A review by Feller et al. [79]
reported significant overall effects of exercise train-
ing compared with usual care on depression (SMD
—0.49, CI -0.74 to —0.24; 14 RCTs; N=961). This
corresponds to a 2.47-point change in BDI score,
which is clinically relevant. General exercise was
used in 18 of the included studies (51%) as their
experimental intervention. Of the remainder, 7 (21%)
used a form of aerobic exercise, 4 (12%) dance, 4
(12%) a combination of yoga and gigong, 1 (2%)
Lee Silverman Voice Treatment therapy, and 1 (2%)
Ai Chi in water. Subgroup analysis showed that only
general exercise (SMD -0.61, CI -0.99 to -0.23, 8
RCTs, N=573) and dance (SMD -1.22, CI -2.29
to —-0.15, 2 RCTs, N=41) significantly improved
depression, which is consistent with an earlier sys-

was judged as low, so future high-quality studies
needed.
The evidence regarding exercise for the jte

()
of anxiety in PD is much less convincing?

al. [81] recently reviewed 5 RCTs (, d con-
cluded that there is not enough hi ity evidence
in favor of a positive effect of e@ﬁn anxiety in
PD. They identified only tw led studies [82,
83] that compared exercjse thgs#al care. One study
found significantly redu@eck Anxiety Inventory
scores after clinic-based effdurance training (n=35,
24 weeks, 2 times a week, 40 minutes): The exer-
cise group reduced anxiety by 32.8%, while usual
care reduced anxiety by only 6.6% [83]. Lower dose
home-based exercise (n =98, 8 weeks, 3 times a week,
30-50 minutes) was not effective for reducing anxi-
ety [82]. There is a need for high quality RCTs with
anxiety as primary outcome, as well as large sam-
ple sizes across the spectrum of disease stages, with
longer periods of follow-up.

Overall, the current state-of-the-art scientific evi-
dence suggests that exercise interventions, possibly
combined with other non-pharmacologic interven-
tions, can be effective in reducing depression
symptoms in individuals with PD, who do not display
contraindications to exercise. The effect of exercise
on anxiety has been less studied.

ECT l NIBS
\

LT Exercise

anxiety in PD. CognitiWg Behgvioral Therapy (CBT), Electrocon-
¥h-Invasive Brain Stimulation (NIBS,
ight Therapy (LT); Exercise (Physical

Fig. 1. Non-pharmacerventions for depression and

vulsive Therapy
e.g., (NTMS,_t

Activity). inc¥™at least moderate evidence for an associa-
tion, roygh ed Tines (LT/NIBS/Exercise — anxiety): limited or
no evi@leng®, dashed line (ECT/LT — anxiety): not studied/not

indicaté

%UTURE DIRECTIONS

tematic review [80]. However, the quality of evideK

Evidence for non-pharmacological interventions
for PD with co-morbid depression is promising;
however, for anxiety in PD the evidence is limited
(due to lack of proper RCTs, Fig. 1). Thus, current
application of treatment modalities for depression
and anxiety in PD in daily clinical practice is
predominantly based on knowledge from the gen-
eral population and expert opinion. Further research
with adequately powered, well controlled, longer
follow-up term RCTs is needed to determine the
optimal dose, modality, type, duration, intensity,
and frequency for interventions targeting affective
symptoms in individuals with PD, and to eluci-
date the underlying mechanisms. Standardization of
mood scales may help reduce heterogeneity in out-
come measurement. In addition, there have been
rapid ongoing developments in artificial intelligence
(AI) technology and wearable technology (e.g., body
worn sensors) for health care and clinical use. Such
wearable Al offers numerous advantages for indi-
vidualizing diagnoses, treatment and monitoring for
management of depression and anxiety in individuals
with PD [84, 85].

There is a need for PD-specific treatment pro-
tocols (e.g., for the use of CBT, ECT NIBS, LT,
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exercise), and knowledge on what type of non-
pharmacological treatment is most effective. It is
also noteworthy that more emphasis is needed on
the interplay between gender, exercise, depression
and anxiety in the rehabilitation of patients with
PD and on studies in which people with PD are
engaged as true partners or colleagues in their care
and research on depression or anxiety [86, 87],
in which people living with PD administer non-
pharmacological treatments or are even involved in
the research as patient-scientists, rather than merely
as “subjects” or “objects of the research” [87]. It is
plausible that non-pharmacological shared decision
making or participatory research approaches may
favorably affect anxiety in PD [88]; however, research
has rarely examined this. This knowledge may in
the end be used to develop evidence-based guide-
lines for treating anxiety and depressive disorders in
PD.

Although research demonstrates that female sex
is associated with a higher risk of depression in PD
[23], there is a lack of literature on sex-associated
differential effects of non-pharmacological interven-
tions in PD. In the general population, a meta-analysis

CBT for the treatment of depression [13]. In
trast, TMSS may show larger antidepressant effgCts i
females with MDD [89]. Research on PD, e@
to exercise rarely fully considers sex tsy (for
review, see Subramanian [90]).While spe-

cific recommendations for exercigemin XD have been
proposed, these are not related%d outcomes
[91]. Overall, knowledge a ible differential
sex response in PD is stillsm y infancy. Robust,
longitudinal and controlfgd trials are needed to scien-
tifically evaluate possible s€x differences in response
to non-pharmacological interventions for anxiety and
depression in PD.

Besides the mentioned main intervention
approaches, novel treatment approaches may offer
further benefits for individuals with PD experi-
encing depression or anxiety symptomatology. For
example, there may be potential synergistic effects
of NIBS and behavioral interventions (e.g., NIBS
combined with cognitive training [92]; or exercise
[93]). Also, multimodal body awareness training
combining physical therapy/exercise, ACT, and
CBT components has shown benefit on emotional
wellbeing [17, 24]. Other promising approaches may
be high intensity interval training [94], acupuncture
[95], and vagal nerve stimulation [96], but this needs
further study.

showed no association between sex and the effeiK

CONCLUSION
Overall, it can be concluded that non-
pharmacological, non-invasive interventions

offer promising avenues for treating anxiety and
depression in individuals with PD and may be safe
and potentially effective alternative or augmentative
treatments to pharmacological and neurosurgical
approaches. Effective treatment options for depres-
sive and anxiety disorders in the general population
seem to translate well to PD, regarding, e.g., side-
effects (BLT, NIBS, ECT) and feasibility (CBT,
physical exercise), but more research is needed to
tailor these treatment options towards PD-specific
affective symptoms.
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