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31.1 Historical Notes

Parkinson’s disease (PD) is a progressive systemic neurodegenerative disease.

The eponym refers to the English physician James Parkinson (1755-1824) who,
in 1817, published the first description of the disease. He called it “shaking palsy”
(paralysis agitans) and spoke of a neurological syndrome characterized by:

“involuntary tremulous motion, with lessened muscular power (...) with a propensity to
bend the trunk forward, and to pass from a walking to a running pace” [1] (Chap. 1, p. 1)

About nutrition in this disease, Parkinson especially noted the difficulties in
chewing and swallowing solid food with possible results in undernutrition. One
patient fed very little and almost only milk:

Nazario Melchionda was deceased at the time of publication.

The chapter is dedicated to the memory of Nazario Melchionda (1939-2020), dear colleague
and friend.
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“he is not only no longer able to feed himself, but when the food is conveyed to the mouth,
so much are the actions of the muscles of the tongue, pharynx, &c. impeded by impaired
action and perpetual agitation, that the food is with difficulty retained in the mouth until
masticated; and then as difficultly swallowed.” [1] (Chap. 1, p. 8)

“He took very little nourishment, could chew and swallow no solids, and even found great
pain in getting down liquids. Milk was almost his only food” [1] (Chap. IV, p. 40)

The first drugs used in PD were anticholinergic agents active in the central ner-
vous system, starting with belladonna alkaloids. They have been the basic therapy
for almost a century.

In the 1960s, studies by Arvid Carlsson and collaborators have linked PD to a
dopamine neurotransmitter deficit due to the gradual loss of dopaminergic neurons,
mainly within the nigrostriatal pathway [2].

Following that discovery, for over half a century, 1-dopa (levodopa or 1-3,4-
dihydroxyphenylalanine, COH11NO4) has become the leading pharmacological
remedy for Parkinson’s motor symptoms [3]. L-dopa is a molecule capable of over-
coming the blood-brain barrier and being converted to dopamine (C8H11NO2) by
the dopa-decarboxylase enzyme.

At the end of the twentieth century, another important step was discovering
alpha-synuclein, a presynaptic neuronal protein present in PD and other neurologi-
cal diseases called synucleinopathies [4, 5].

As far as genetics is concerned, numerous genetic factors have been identified
that increase the risk of developing the disease, as well as some rare monogenic
forms of parkinsonism caused by a mutation in a gene, either dominant or reces-
sive [6].

These monogenic forms are held collectively responsible for 5%—10% of cases
of PD [7]. For example, mutations in the LRRK2 gene (also called Park8) are a
cause of autosomal dominant PD, a genetic form responsible, in Italy, for 1-2% of
sporadic cases of PD and 4-5% of family cases [8].

In recent decades, increasing attention has been paid to PD non-motor symptoms
and dopaminergic treatment’s side effects.

This line includes studies on impulse control disorders (ICDs) and, in particular,
those on feeding and eating disorders and body weight abnormalities in people with
PD. It has been seen that, compared to James Parkinson’s observations on undernu-
trition, after the introduction of dopaminergic therapy, the onset of eating disorders,
overweight, and obesity has become much more frequent. We have recently written:

“The study of ICDs in PD patients offers a heuristic opportunity to explore the role of dif-
ferent dopaminergic projections and dopamine receptors in impulse control difficulties and,
in particular, in binge eating, food craving, and food addiction that are still controversial
concepts with uncertain implications for etiology and treatment. Many clinical questions
arise. Is binge eating disorder (BED) different in PD? Could BED-oriented cognitive-
behavioral therapy be useful also in BED with PD? How could we prevent disordered eat-
ing behaviors and weight gain in PD?” [9] (p. 384)
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31.2 Epidemiology, Course, and Survival

The number of PD patients is continuously growing due to the increased world
population and life expectancy. In 1990-2016 the raw prevalence rates increased by
74.3%, those standardized by age by 21.7% [10].

The maximum prevalence is between 85 and 89 years old [10].

The incidence increases with age, and the highest falls in the 70-79 age group
[11]. However, there are middle-onset PD (50-69 years) and young-onset PD
(before 50 years).

PD affects both sexes, with a slight male prevalence increasing after age 60. The
male-to-female ratio is 1.4:1 [10].

The increase in prevalence is due to the increase in older adults, longer illness
duration, and probably environmental factors such as pesticides, solvents, metals,
and air pollution [10, 12, 13].

The relationship between diet, microbiota, and PD is controversial [14]. For a
long time, several studies argue that a healthy diet—for example, the Mediterranean
diet—can be a protective factor [15—17]. Perhaps abnormalities in gut microbiota
may contribute to the pathogenesis of PD [18, 19].

Some reports support a possible protective effect of physical activity, smoking,
coffee, and black tea consumption [13, 20, 21].

Plasma caffeine levels were lower in PD subjects versus unaffected controls.
Levels were even lower in PD patients carrying the LRRK?2 gene mutation predis-
posing to the disease [22].

Nevertheless, this cross-sectional study is not enough to prove that caffeine con-
sumption decreases the risk of developing PD. Besides, the results may also indicate
that people predisposed to PD tend to drink less coffee.

Regarding the prognosis, a subdivision into three subtypes has been proposed
[23]. The tripartition is based on the time lapse between diagnosis, worsening of
symptoms and disabilities (first milestones: continuous falls, wheelchair depen-
dence, dementia, accommodation in a residential/nursing home), and death.
Table 31.1 sums up the division into three possible phenotypes.

This proposal is still under discussion, but it is crucial to keep in mind that PD
phenotypic presentation and prognosis are very variable and a mild, slowly pro-
gressing course is frequent [24].

Death can be due to disease-related causes such as pneumonia ab ingestis and
falls. However, for the most part, people with PD die from the same causes as
their peers.

Table 31.1 Parkinson’s disease: years from diagnosis

Subtype First milestone Survival
Mild motor-predominant (49%) 143 +5.7 20.2+7.8
Intermediate (35%) 8.23+53 13.2+6.7
Diffuse malignant (16%) 35+32 8.1x54
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31.3 Motor and Non-motor Symptoms

The typical representation of a PD patient has long been the picture drawn in the
nineteenth century by James Parkinson [1] and then by William Richard Gowers
[25]: a man, elderly, bent forward, trembling, debilitated, and substantially disabled.

This image must be corrected. It does not consider the numerous female cases,
those that begin before the age of 50-60 years, the initial manifestations, and non-
motor symptoms. Moreover, this stereotype does not recognize the significant vari-
ability in the course of PD and contributes to social stigma and internalized stigma
(self-fulfilled prophecies) with increased damage to the quality of life [24].

The main motor symptoms are resting tremor, reduction of facial mimicry, rigid-
ity, bradykinesia, foot dystonia, gait issues, and postural instability.

Non-motor symptoms are hyposmia, hypophonia, fatigue, sleep-wake cycle dis-
turbances with daytime sleepiness and nighttime insomnia, orthostatic hypotension
and blood pressure instability, sialorrhea, swallowing disorders, delayed gastric
emptying, constipation, frequent and urgent urination, erectile dysfunction, cogni-
tive disorders, and psychopathological symptoms (see Sect. 31.4).

Non-motor symptoms mostly appear as disease and treatment progress.
Sometimes, however, they precede the appearance of motor disorders. In all cases,
they contribute heavily to the deterioration of quality of life, disability, and disease
burden for patients and caregivers.

PD and other neurodegenerative diseases can be associated with REM (rapid eye
movement) sleep behavior disorder. REM sleep is normally associated with motor
atony. Instead, there are very vivid and unpleasant dreams in REM sleep behavior
disorder accompanied by vocal sounds and sudden and violent arm and leg move-
ments. REM sleep behavior disorder can be, together with hyposmia, a prodromal
symptom. Late-onset (over 50 years of age) leg restlessness can be an early mani-
festation of PD, as well [26].

It is unclear which non-motor symptoms depend on dopaminergic deficits, other
neurotransmitter systems, or dopamine replacement therapy [27].

In the more advanced stages and malignant and rapidly progressing PD forms,
both motor and non-motor symptoms are more severe and disabling, with or with-
out tremor.

31.4 Psychiatric Comorbidity

Cognitive disorders may initially affect attention and executive and visual-spatial
functions. They may be mild impairments, but in several cases, dementia is progres-
sively established.

The cumulative probability of dementia after 10 years of PD was 46% [28].

In cases treated with subthalamic nucleus deep brain stimulation (DBS), inci-
dence and prevalence of dementia were not higher than the rates reported in the
general PD population [29].
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Anxious and depressive symptoms are frequent, especially with advancing age.
A study reported anxiety disorders in two-thirds of PD cases and depression in one-
third [30].

The presence of obsessive-compulsive symptoms (in particular, hoarding) was
also more frequent in elderly patients with PD (31%) than in a control group
(21%) [31].

Personality changes and psychotic symptoms, especially visual hallucinations
and delusions, can occur. Hallucinations often accompany cognitive decline [32],
particularly that of executive functions [33].

Treatment with levodopa and dopamine agonists is implicated in the develop-
ment of psychotic symptoms in people with PD. However, the interaction between
the neurotransmitter dysfunction intrinsic to the disease and drugs is still
unknown [34].

For several years, it has been reported that in people with PD taking antiparkin-
son drugs (dopamine replacement therapy), impulsive-compulsive spectrum disor-
ders (ICSDs) and behavioral addictions (BA) are also often observed [35-39].

ICSDs appear in 40% of people with PD and dopamine replacement therapy
[40]. Early-onset of PD seems to be associated with an increased risk of ICSDs and
BA [41].

A list of the main ones in alphabetical order is as follows:

— Binge eating

— Compulsive buying

— Compulsive overeating

— Food addiction

— Medication abuse (in particular, overuse of dopamine agents or “dopamine dys-
regulation syndrome™)

— Obsessive hobby

— Pathological gambling

— Punding (the term was coined to describe purposeless, stereotyped behaviors
such as repetitive examining and handling objects or compelling attraction for
activities such as cleaning) [42]

— Selective and non-selective food cravings

— Sex addiction

— Walkabout (need to wander aimlessly)

The neuro-anatomic circuits involved in ICSDs can be altered by Parkinson’s
disease itself and by exogenous influences, including drugs active on the central
nervous system.

Treatment with dopaminergic drugs is believed to weaken the ability to control
the compulsive repetition of rewarding behaviors.

In PD patients, long-term dopaminergic treatment over-stimulates, in particular,
dopamine D2/D3 receptors and induces downregulation [43]. Not only L-DOPA but
even more dopamine agonists—such as bromocriptine, pramipexole, rotigotine, and
ropinirole—are linked to the development of ICSDs [44].
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Many data support the hypothesis that addiction-like behaviors, ICSDs, and
compulsive overeating are due to dopamine replacement therapy rather than PD
alone [43].

However, not all patients with PD in dopaminergic treatment develop ICSDs.

Predisposition [45] and, in particular, personality play an essential role [46].

Weintraub and collaborators found that about 20% of patients diagnosed with PD
but not yet in therapy reported some ICSDs [47]. The percentage was not higher
than that found in a control group. Therefore, PD itself does not seem to increase the
risk of developing ICSDs significantly.

It is necessary to wonder whether those who have some premorbid impulse con-
trol disorders are at greater risk of developing others or worsening when starting
dopaminergic therapy.

Some authors have noted in PD patients that dopaminergic therapy increases
motivation for artistic activities and creativity. Related behaviors may look like
compulsive, but the quality of life appears to have improved [48-51].

In conclusion, ICSDs in PD patients should be considered multifactorial phe-
nomena involving drug-, patient-, and disease-related factors [52].

31.5 Eating and Weight Disorders

Is obesity a risk factor for the development of PD? The data are discordant.

A Finnish cohort study said yes [53]. However, more recently, a Swedish survey
found the opposite [54]. In the same year, South Korean research published data
according to which the metabolic syndrome—usually associated with abdominal
obesity—increases the risk of developing PD [55].

As for the course, obesity has been associated with a faster progression of motor
symptoms and disability, especially in patients with early-onset PD [56].

A balanced diet and healthy body weight are necessary to maintain PD people’s
overall health and muscle strength. Cognitive functions are also likely to benefit
from a proper diet (e.g., Mediterranean diet), adopted from the early stages of the
disease [57].

Eating disorders are frequent in PD patients and body weight tends to vary dur-
ing the disease.

Decreases in caloric intake and unintentional weight loss have been observed
frequently. As James Parkinson had already observed [1], dysphagia and tremor in
the upper extremities contribute to undernutrition [58, 59].

A multicenter case-control study found that the mean BMI was significantly
lower in PD patients ((22.0 + 3.4 kg/m? vs. 25.4 + 4.3 kg/m?). Visual hallucinations
and motor complications (dyskinesia) were associated with low BMI [60].

It has been reported, understandably, the risk of sarcopenia, related to the wors-
ening of functional capacity and nutritional status [61].

On the other hand, many other PD patients develop obesity. The improvement of
motor symptoms obtained with surgical and pharmacological therapies plays a role.
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After surgery (subthalamic nucleus deep brain stimulation), many patients (men
and women) present an increase in fat mass and become overweight/obese [62, 63].

As for dopaminergic drugs, they contribute to obesity by improving motor symp-
toms and promoting disinhibition of eating behavior [9, 37].

Disordered eating behaviors are common in PD, but little studied and little
known [37].

They are mostly classified as impulse control disorders and occur as compulsive
grazing, overeating, selective or non-selective food cravings, and binge eating dis-
order (BED).

In 2007, a review article reported compulsive eating among the frequent reward-
based behaviors observed in PD patients treated with dopaminergic drugs [64].

A few years later, a large multicenter study found that compulsive eating was
present in 3.4% of cases, but there was no dose-response relationship between
L-dopa or dopamine agonist dose and odds ratio for the onset of the symp-
tom [65].

In a sample of 3090 PD patients, Weintraub et al. found BED in 4.3% of cases
[44]. Some researchers found a much higher prevalence for impulse control disor-
ders less strictly defined than BED and called “compulsive eating” (14.3%) [66] and
“eating behavior disorder” (7.2%) [36].

Ingrid de Chazeron and collaborators recently studied a sample of PD patients in
dopaminergic therapy (age 68 + 10 years; males 53%) who reported changes in their
dietary habits following PD diagnosis [37]. The main results are the following:

¢ Anorexia nervosa (AN): no cases
¢ Bulimia nervosa (BN): no cases
e BED full criteria: 4%
* NES: 6%
e Addictive-like eating behaviors without BED: 39%
e Food cravings (sweets) more than once a week: 43%
e The habit of eating outside meal times and/or during the night: 69%
e Inappropriate compensatory behaviors:
— Fasting or excessive exercise (> 2 times/week): 10%
— Laxatives: 6%
— Self-induced vomiting: 2%
— Appetite suppressants: 2%

Eating disorders began within the first 2 years after the diagnosis of PD in 65%
of cases.

In this research—apart from AN, BN, and BED—the other frequencies suffer,
of course, from the uncertainty related to the lack of shared diagnostic
definitions.

However, more robust studies are lacking and this recent survey is useful because
it indicates that disordered eating and weight control behaviors can occur in many
patients with PD under dopaminergic treatment.
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31.6 Diagnosis and Treatment

Diagnostic evaluation is based on anamnestic data, physical examination, and the
possible use of instrumental and psychometric tests.

The doctor looks for prodromal symptoms (hyposmia, REM sleep behavior dis-
orders, etc.), motor symptoms (stiffness, rest tremor, etc.), cognitive decline, and
psychiatric symptoms.

In uncertain cases, magnetic resonance imaging can distinguish PD from other
parkinsonisms, while dopamine transporter single-photon emission computed
tomography permits to distinguish PD from essential tremor [40].

Some psychometric tools can help in the assessment of ICSDs and, in particular,
of disordered eating behaviors:

— Addiction-like Eating Behavior Scale, AEBS [67]. AEBS investigates the pres-
ence of addictive-like eating behaviors (according to the food addiction behav-
ioral approach).

— Ardouin Scale of Behavior in Parkinson’s Disease [68]. The scale is designed for
quantifying changes of mood and behavior related to PD and dopaminergic
therapy.

— Barratt Impulsiveness Scale, BIS-11 [69], BIS-R-21 [70]. The questionnaire is
the most used measure of self-reported impulsivity.

— Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease,
QUIP [38]. QUIP researches the presence of both overeating and binge eating
episodes in PD patients.

— Questionnaire on Eating and Weight Patterns-5, QEWP-5 [71, 72]. QEWP espe-
cially rates the symptoms of BED and night eating syndrome (NES).

— Yale Food Addiction Scale, version 2.0, YFAS 2.0 [73]. YFAS evaluates eating
behaviors related to the current construct of food addiction (according to the
food addiction substance approach).

At present, there is no cure capable of resolving the disease or significantly halt-
ing its progression: the treatment is symptomatic [5, 40].

The improvement of motor symptoms is entrusted mainly to levodopa-carbidopa,
monoamine oxidase-B inhibitors, and dopamine agonists. Typically, combinations
of different drugs are used to achieve complementary benefits, reduce doses, and
limit dose-dependent side effects. Over time, however, the effect of each dose lasts
less and less, and when it runs out, symptoms reappear (wearing off periods). More
and more frequent adjustments and administration are necessary, even every
2-3 h [40].

In more severe and advanced cases, surgical approaches can be used:

— Deep brain stimulation (DBS), with the surgical placement of unilateral or bilat-
eral electrodes in the subthalamic nucleus or the globus pallidus

— Levodopa-carbidopa enteral suspension (CLES). CLES is delivered into the jeju-
num via a PEG-J (percutaneous endoscopic gastrostomy jejunal extension) tube
implanted surgically.
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These severe, advanced, or drug-resistant cases are usually characterized by
wearing off (the effect of each dose fades faster and faster) and dyskinesias (invol-
untary dance-like choreoathetoid movements that generally coincide with the
moment of maximum brain concentration of levodopa). In this regard, it should be
remembered that, as the disease progresses, the therapeutic window within which
dopaminergic drugs improve motor symptoms without causing dyskinesia becomes
narrower and narrower.

Subthalamic nucleus DBS relieves motor symptoms but can cause neuropsy-
chiatric disorders and, in particular, loss of motivation. Apathy is probably the
most disabling side effect induced by DBS. Apathetic behaviors can be alleviated
by D2 and D3 dopaminergic receptor agonists. However, apathy appears to be a
direct effect of DBS, not due to post-surgical reduction of dopaminergic treat-
ments [74].

The improvement of motor symptoms with dopaminergic therapy has made non-
motor symptoms and their weight on patients’ quality of life more evident: pain,
autonomic nervous system disorders, psychiatric disorders including ICSDs, and
decline in cognitive abilities.

There is still a lack of high-quality studies that provide robust evidence for the
treatment of many non-motor symptoms of PD [40].

For psychotic symptoms—particularly hallucinatory ones—clozapine is helpful
but requires careful attention to its side effects.

Cholinesterase inhibitors are used for cognitive deficits.

For anxious and depressive symptoms, mainly selective serotonin reuptake
inhibitors are used as drugs along with therapeutic education, counseling, and
psychotherapy.

Motor and cognitive rehabilitation programs are helpful.

Exercise and a well-balanced diet are beneficial [75]. Physical activity is consid-
ered useful both in the prevention and treatment of PD [20].

A randomized clinical trial recently compared outpatient palliative care with cur-
rent care standards in patients with PD and related disorders [76]. A neurologist and
a primary care practitioner provided standard care. A team composed of a neurolo-
gist, social worker, nurse, and chaplain administered integrated palliative care. A
palliative medicine specialist offered guidance and selective involvement. Integrated
palliative care was associated with greater improvements in patient and/or caregiver
outcomes.

Perhaps the team should include a dietician, and the program should also address
frequent eating and weight problems.

31.7 Concluding Remarks

Dopaminergic agonists directly activate post-synaptic receptors and resolve the
deficit of functioning presynaptic terminals. Motor symptoms improve, but, in sev-
eral cases, ICSDs occur that complicate and worsen patients’ health and quality
of life.
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Among the non-motor symptoms and ICSDs are frequent disorders of feeding,

eating, and body weight.

People with PD usually do not ask for help with their diet and weight problems,

and neurologists, for their part, tend to underestimate them.
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