Movement
Disorders

REVIEW

CLINICAL PRACTICE

Movement Disorders and the Gut: A Review

Lauren S. Talman, MD* and Ronald F. Pfeiffer, MD

Abstract: There is a close link between multiple movement disorders and gastrointestinal dysfunction.
Gastrointestinal symptoms may precede the development of the neurologic syndrome or may arise following
the neurologic presentation. This review will provide an overview of gastrointestinal accompaniments to several
well-known as well as lesser known movement disorders. It will also highlight several disorders which may not
be considered primary movement disorders but have an overlapping presentation of both gastrointestinal and

movement abnormalities.

Movement disorders often manifest in conjunction with systemic
symptoms, including those affecting the gastrointestinal (GI) tract. A
bidirectional link between the development of certain movement
disorders and their GI accompaniments has also been proposed, due
to the intimate relationship between the enteric nervous system
(ENS) and central nervous system (CNS). GI dysfunction may arise
as a prodromal feature of certain diseases or may occur years after the
onset of the movement disorder. This review will focus on primary
movement disorders that have accompanying GI signs or symptoms.
The clinical features of these GI symptoms will be highlighted and a
full description of treatments is not within the scope of this review.
Several disorders that have closely overlapping presentations of both
movement and GI abnormalities will also be discussed. Methods are
outlined in supplementary material Appendix S1.

Primary Movement
Disorders with Associated
Gl Symptoms

Parkinsonism
Parkinson’s Disease

There has long been a recognition of an intimate link between
the CNS and the gut and this relationship is exemplified by the
evolving understanding of Parkinson’s disease (PD). The GI tract
has not only been implicated in the pathogenesis of PD but also

is the site of myriad non-motor symptoms of the disease.

Pathogenesis. PD 1s characterized by the deposition of misfolded
alpha-synuclein protein in formations called Lewy bodies. Lewy
body pathology in the CNS, particularly within the substantia
nigra, leads to the well-recognized motor features of PD. In
1984, the same pathology was identified in the ENS' with later
studies demonstrating that the highest rates of alpha-synuclein
deposition occur within the submandibular glands and distal
esophagus, with lower rates in the colon and rectum.”

Pathologic alpha-synuclein has been identified within the GI
tract of individuals with prodromal PD up to 20 years prior to
diagnosis.” Cell-to-cell transmission of alpha-synuclein has been
linked with development of PD motor features in nontransgenic
mice.* This lends support to the proposal that alpha-synuclein
pathology may spread up the vagus nerve to the dorsal motor
nucleus of the vagus nerve in the CNS via a prion-like mecha-
nism with misfolded alpha-synuclein protein causing neighboring
protein to similarly misfold. Prior epidemiological studies have
demonstrated a lower risk of developing PD following complete
truncal vagotomy (performed for treatment of gastric ulcers)
whereas superselective vagotomy (in which only nerves supply-
ing the fundus and body of the stomach are resected, with spar-
ing of vagal innervation to the liver, pancreas, and small
intestine) did not have the same protective effect.”

Beach and colleagues have challenged this “body-first” theory
by demonstrating that alpha-synuclein is not found in the stom-
ach or vagus nerve without also being found in the brain.
Autopsy samples from 111 normal elderly subjects, 53 individuals
with PD, and 33 with incidental Lewy body disease (ILBD) were
stained for alpha-synuclein. Vagus nerve alpha-synuclein was
present in 46% and 89% of subjects with ILBD and PD respec-

tively, but was absent in all normal subjects. Similarly, alpha-
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synuclein was found in stomach samples of 17% of subjects with
ILBD and 81% of those with PD, but none of those from normal
subjects.’

Although the specific trigger for the cascade of pathologic
changes occurring in sporadic PD has not been established, sig-
nificant attention has been drawn to the gut microbiome as a
possible contributing factor. Dysbiosis describes the dispropor-
tionate representation of particular strains of bacteria within the
gut. A 2015 study demonstrated that patients with PD were
more likely to have significantly decreased levels of Prevotella
compared with control subjects.” Prevotella is involved in mucin
synthesis and therefore decreased levels of this bacterial subtype
may increase intestinal wall permeability. This allows for translo-
cation of bacteria and bacterial secretory products, including
endotoxins, thereby increasing local inflammation in the ENS.
Although this finding is not specific to patients with PD, it may
help to support the theory that alpha-synuclein deposition occurs
as a result of an inflammatory environment, whether by bacterial
colonization or sterile inflammation. Increased intestinal perme-
ability has previously been demonstrated in individuals with PD
with higher rates of alpha-synuclein deposition in the intestinal
wall.® Alpha-synuclein deposition also occurs in the appendix of
healthy individuals and those with PD. The appendix helps to
regulate gut immunity and bacterial composition, thus raising the
question of whether the appendix is involved in the pathogenesis
of PD; however, studies exploring the risk of developing PD
after appendectomy have had conflicting results.”

Another study demonstrated that the composition of a per-
son’s microbiome correlated with motor phenotype, with those
having a higher representation of Enterobacteriaceae more likely
to fall within the postural instability and gait disorder (PIGD)
subtype.” Further research will be required to determine whether
the microbiome may serve as a biomarker of disease.

Dysfunction. Gl dysfunction in PD manifests as myriad non-
motor symptoms, with every segment of the GI tract affected.

Drooling

* Drooling describes excessive accumulation or overflow of
saliva and occurs in 10-81% of patients with PD.'” Male sex
and more advanced disease are associated with higher fre-
quency of drooling'’ and this non-motor symptom is often
more pronounced when a person is in the OFF state. The fre-
quent occurrence of drooling in PD likely is multifactorial,
related to a combination of altered salivary secretion, difficulty
containing saliva in the oral cavity, and impaired clearance of
saliva.'? Although studies have demonstrated that persons with
PD have overall decreased salivary production compared with
controls, they do have increased speed of salivary excretion.'?
More severe hypomimia, which manifests with mouth open-
ing, in addition to forward flexed posture, lead to salivary
overflow while tongue akinesia, oropharyngeal dysphagia and
upper esophageal dysmotility contribute to poor clearance.
Patients with PD and drooling have a greater frequency of
swallowing,'' but when cognitive tasks are imposed,

. . 14
swallowing frequency decreases and drooling worsens.

Dysphagia

* Dysphagia, or impaired swallowing, may arise at any time
throughout the course of PD, and may be evident at the time
of diagnosis."> A meta-analysis exploring the prevalence of
dysphagia in PD demonstrated that objective evidence of dys-
phagia may occur in up to 82% of patients, although the
symptom s significantly under-reported.'® Both oropharyn-
geal and esophageal phases of swallowing are impaired in
PD. Triggering of the swallowing reflex is delayed and
bradykinesia/akinesia of the oropharyngeal muscles leads to
incoordination and slowing of this motor task."”"'® Manome-
try studies have demonstrated impaired esophageal motility
manifesting as slowed or absent peristalsis, esophageal spasm,
or delayed transit from the esophagus to the stomach due to
impaired sphincter relaxation. '’ Dysphagia is an important

symptom to identify, as it may have serious consequences

including aspiration, malnutrition and weight loss.

Gastroparesis
* Gastroparesis, or delayed gastric emptying, occurs in 70-100%
of patients with PD,'” with greater impairment in emptying
of solid food. This manifests as early satiety, post-prandial
abdominal fullness or pain, bloating, belching, or nausea/
vomiting. Other individuals with gastroparesis may be asymp-
tomatic, with diagnosis documented only via formal testing.”’
Because the proximal small intestine is the primary site for
levodopa absorption, delayed transit of the medication from
the stomach may lead to delayed onset of action or dose fail-
ure®'; gastroparesis, therefore, may contribute to motor fluctu-
ations in the more advanced stages of PD. Over the long
term, individuals with gastroparesis may develop food aversion
and weight loss may arise. The underlying cause of
gastroparesis in PD is not well understood. The interstitial cells
of Cajal, the pacemaker cells of the stomach, are preserved in
PD, which suggests that pathology may arise via abnormal vagal
nerve signaling to the myenteric plexus within the stomach.?
In keeping with this, vagotomy in mouse models of PD pre-
vents development of gastroparesis.”> There also is evidence to
suggest that individuals with PD have decreased postprandial
release of ghrelin, a neuropeptide that acts peripherally to pro-
mote gastric motility but also increases dopamine release in the
striatum of mouse models of PD.** This has fueled research into
whether ghrelin may serve as a potential biomarker of disease or

as a therapeutic target for neuroprotection.

Helicobacter Pylori

* Helicobacter pylori (H. pylori) is a gram-negative bacterium that
has long been associated with increased risk of gastric ulcer
formation and gastric cancer. Though the prevalence of
H. pylori is equivalent in the general population and the PD
population,® there are studies suggesting that gastritis from
H. pylori increases the risk of developing PD.?° There is insuf-
ficient evidence at this time to implicate H. pylori infection in
the pathophysiology of PD, although the presence of H. pylori
may play a role in malabsorption and response to medica-

10

tion. H. pylori exerts negative effects on ghrelin expression,
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leading to gastric hypomotility and delayed transit of levodopa
to the small intestine.?” In addition, direct binding of levodopa
by bacterial surface adhesin molecules, production of reactive
oxygen species, decreased stomach acidity, and disruption of
the GI mucosa in the presence of H. pylori all may contribute
to impaired absorption of levodopa.”® Although the pharma-
cokinetics of levodopa in patients with motor fluctuations are
unchanged in the presence or absence of H. pylori,®® several
groups have shown that eradication of H. pylori decreases
motor fluctuations in PD.*® More recent data from a placebo-
controlled trial challenge these prior results and suggest that
routine screening for and treatment of H. pylori do not lead to

. . 31
improved motor or non-motor function.

Small Intestinal Bacterial Overgrowth

* Small intestinal bacterial overgrowth (SIBO) describes an abnor-
mal accumulation of bacteria within the small intestine, particu-
larly those bacteria typically isolated to the colon. Decreased
acidity in the stomach, slowed intestinal motility, and disruption
of the protective intestinal mucosal layer may contribute to devel-
opment of SIBO.* SIBO is often intimately tied to the presence
or treatment of H. pylori, with acid blocking medications (particu-
larly proton pump inhibitors) decreasing the clearance of bacteria
in the stomach and small intestine.'” Clinically, persons with
SIBO may develop diarrhea, abdominal pain, or bloating.*
Patients with PD have a significantly higher rate of SIBO com-
pared with healthy controls and, in addition to the typical clinical
symptoms of SIBO, the presence of SIBO also contributes to
motor fluctuations.” Eradication of SIBO in tum improves
motor fluctuations, although the recurrence rate is high.

Constipation

» Constipation is now considered a prodromal feature of PD
due to evidence that it may arise up to 20 years prior to the
appearance of motor symptoms.® There also is evidence to
suggest that the degree of prodromal constipation is correlated
with the risk of developing PD.** Constipation is the most
frequently reported GI symptom and colonic transit time is
objectively delayed in up to 80% of individuals with PD.*® In
addition to decreased frequency of bowel movements, indi-
viduals with PD also may experience functional impairment of
defecation due to abnormal coordination of the anorectal
musculature. Impaired relaxation or paradoxical contraction of
the anal sphincter muscles may be a dystonic phenomenon,
particularly as these symptoms may be amplified during the
OFF period.”® Although literature specifically exploring the
effect of constipation on motor fluctuations in PD is lacking,
impaired colonic motility may increase the risk of SIBO,
which has been linked to impaired absorption of levodopa.

Weight Loss

* Greater than half of patients with PD experience weight loss
and studies have demonstrated a greater degree of weight loss in
patients with PD compared with age-matched controls.>’=®

Weight loss contributes to reduced overall quality of life for

affected individuals. Some studies suggest that women with PD
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tend to lose more weight than men® while other studies have
challenged this notion.”® Greater motor impairment, presence
of visual hallucinations, dementia, and advanced age also corre-
late with greater degree of weight loss.®® The cause of weight
loss in PD is not well understood, although the combination of
decreased energy intake and excess energy expenditure may
play a role. Multiple factors may contribute to decreased caloric
intake. Impaired olfaction is a well-established prodromal fea-
ture of PD and leads to impaired taste with consequent
decreased motivation to eat. The presence of mood disturbances
such as depression or apathy can have the same effect. Symp-
toms related to gastroparesis or medication-induced nausea may
lead to food aversion, while other individuals may avoid eating
in order to increase ON time. Patients may be functionally lim-
ited by dysphagia. Malnutrition may develop in up to 24% of
individuals with PD,* perhaps due to the aforementioned fac-
tors or malabsorption. Both SIBO and the presence of H. pylori

19 Dyskinesia contributes to

may impact absorption of nutrients.
increased energy expenditure and possibly to weight loss,
although some studies have challenged this by concluding that
weight gain following deep brain stimulation surgery does not

correlate with the degree of dyskinesia suppression.*!

Atypical Parkinsonism
Dementia with Lewy Bodies

Dementia with Lewy bodies (DLB) is characterized by the onset
of cognitive impairment prior to or concurrent with the onset of
motor parkinsonism and often is accompanied by visual halluci-
nations and episodic alteration in awareness. DLB shares many
pathologic and clinical features with PD dementia (PDD) and
some suggest that these entities exist on a spectrum.”” The distri-
bution of Lewy bodies in the CNS is more prominent in the
cortex and limbic system of patients with DLB; the co-
occurrence of Alzheimer’s pathology also is more prominent in
DLB compared with PDD.** Autonomic symptoms in DLB,
including constipation, may help to differentiate DLB from
Alzheimer’s disease clinically and these autonomic symptoms are
associated with increased risk of mortality.*

Similar to pathologic studies in PD, peripheral deposition of
alpha-synuclein has also been demonstrated in DLB with Lewy
pathology observed in the stomach, small intestine, and colon.**
The GI symptoms described in PD presumably occur for similar
reasons in DLB, although less attention has been given to the latter.

In a combined group of patients with DLB or PDD, nearly all
patients who subjectively reported dysphagia were found to have
objective dysfunction on videofluoroscopic swallowing examina-
tion, with the pharyngeal phase of swallowing most affected.*

Multiple System Atrophy

Multiple system atrophy (MSA) is characterized either by a pro-
gressive cerebellar or parkinsonian syndrome in combination
with early and severe autonomic dysfunction. On a pathologic
level, alpha-synuclein is deposited in the cytoplasm of
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oligodendrocytes rather than in neurons. Though less frequently
observed in MSA as compared to PD, alpha-synuclein deposition
also may be found in peripheral tissue samples, including the
colon, in this patient population.*® Several studies have shown
that patients with MSA have bacterial dysbiosis, although the sig-
nificance of this is unclear.*’ The GI symptoms that arise in
MSA mirror those seen in PD. Dysphagia arises eatlier in patients
with MSA as compared to those with PD, with one study dem-
onstrating the need for diet modification an average of 6 years
after symptom onset and the need for tube feeding 7 years after
symptom onset.*® Additional upper GI tract dysfunction is eluci-
dated by studies showing that esophageal peristalsis and distal
esophageal contraction are decreased in patients with MSA.*
The degree of delayed gastric emptying is comparable between
populations of patients with MSA and PD.>® Within the lower
GI tract, both constipation and fecal incontinence may arise.
Colonic transit time is prolonged in patients with MSA, particu-
larly in the rectosigmoid segment of the colon.®! Patients with
MSA have lower anal squeeze pressure and denervation changes
in the external sphincter, both of which likely contribute to fecal

- . 51
incontinence.

Progressive Supranuclear Palsy

Progressive supranuclear palsy (PSP) is an atypical parkinsonian
syndrome manifesting in its classic form with parkinsonism com-
bined with severe postural instability and impaired extraocular
movements. PSP is differentiated from the aforementioned syn-
ucleinopathies by the pathologic finding of tau inclusions in
astrocytes, oligodendrocytes and neurons.” Literature outlining
GI symptoms in PSP is somewhat limited despite a survey-based
study suggesting a high rate of GI dysfunction in this popula-
tion.>® Furthermore, studies suggest that carly autonomic dys-
function, including constipation, is associated with a faster rate of
highlight

swallowing dysfunction as a common occurrence in PSP with

disease  progression.”®  Existing literature ~ does
earlier onset in the disease course as compared to PD.”> More
severe impairments in the oral phase of swallowing do distinguish
patients with PSP from those with PD, perhaps due to neck
hyperextension and a greater degree of cognitive impairment in
PSP.>**" Interestingly, when compared to patients with PD or
MSA, patients with PSP were more akin to healthy controls in

measures of esophageal motility.*”

Chorea
Huntington’s Disease

Huntington’s disease (HD) is a neurodegenerative disorder char-
acterized by progressive impairment in motor, cognitive and psy-
chiatric domains. Although chorea is the most widely recognized
movement disorder associated with HD and helps to define the
clinical onset of disease, individuals with HD also experience par-
kinsonism, dystonia, postural instability, and impaired voluntary
motor control. HD is an autosomal dominant trinucleotide

repeat disorder caused by expansion of the CAG repeat portion

in the huntingtin (htt) gene and downstream formation of
mutant huntingtin protein. Normal huntingtin is expressed ubig-
uitously throughout the body. Although the deposition of
mutant huntingtin protein is selectively toxic to CNS neurons,
particularly in the striatum and cortex, abnormal huntingtin
deposition has also been noted in peripheral tissues of HD mouse
models and human subjects.®® This may help to explain the
under-recognized systemic symptoms that can accompany the
neurologic manifestations of HD. Survey-based studies suggest a
high rate of subjective GI dysfunction in individuals with HD;
symptoms include swallowing dysfunction, sialorrhea, straining,

early abdominal fullness, and fecal incontinence.>

Upper GI Tract. Dysphagia is common in HD and pneumonia,
likely in part due to aspiration, is one of the leading causes of
death in this patient population.®” Dysphagia and silent aspiration
may arise even in the early stages of the disease.®' Multiple dis-
ease characteristics may contribute to the development of
swallowing dysfunction. Although advancing motor dysfunction
correlates with worsened dysphagia in some studies, others sug-
gest that impaired swallowing may be primarily related to
impaired sensory/sensorimotor processing and cognitive dysfunc-
tion. This conclusion is extracted from voxel-based imaging in
patients with impaired swallowing showing atrophy in
parietothalamocerebellar networks with sparing of the striatum.®®
Individuals with HD also have a higher rate of gastritis or esoph-
agitis compared with control populations, although they may be

less likely to express subjective symptoms.®®

Lower GI Tract. Studies in mouse models and in patients with
HD have revealed alterations in the gut microbiome, although
the implications of this are not well understood.®*>

Anorectal dysfunction, manifesting as incontinence or consti-
pation, is significantly more prevalent in individuals with HD
compared with healthy controls and may even arise in the pre-

® Several studies have shown no evidence of

manifest stage.
degeneration in Onuf’s nucleus, although anal sphincter EMG
studies do demonstrate decreased tonic sphincter activity and

o 67
impaired voluntary activation.’

Liver Dysfunction. Using the'>C-methionine breath test as a sur-
rogate for liver mitochondrial function, researchers have demon-
strated subclinical liver dysfunction in both manifest and
premanifest populations of HD.®® Furthermore, the decline in
mitochondrial function correlated with disease severity in partici-
pants with manifest HD.

Pancreatic Dysfunction. Studies have demonstrated a higher preva-
lence of diabetes mellitus in individuals with HD and impaired
glucose tolerance has been noted in both HD mouse models and
patients with HD.>® Although islet cell volume is reduced in

69

mouse models,”” there is no evidence of this in human sub-

jects.”” CAG repeat length plays a role in the degree of insulin
release, with more highly expanded repeat lengths leading to a

. L 71
reduction of insulin release.
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Weight Loss. Weight loss is a common phenomenon in HD,
starting in the premanifest stage and increasing throughout the
disease course, with advanced HD often associated with cachexia.
Studies have demonstrated that the degree of weight loss may
correlate with an individual’s CAG repeat length, with longer
expansions associated with more profound weight loss.”?
Although a person’s BMI does not appear to predict age of onset
of manifest HD,”” it may dictate the speed of progression, with
lower BMI at disease onset portending more rapid decline in
function.”*

The actual cause for weight loss in HD is not entirely under-
stood. A hypermetabolic state related to hyperkinetic movements
and increased energy expenditure could be surmised, but often
the greatest degree of weight loss occurs in advanced stages,
when individuals no longer experience chorea and are more
often severely bradykinetic and bed-bound. One study did dem-
onstrate that increased CAG length is associated with increased
production of leptin, a hormone involved in decreased appetite
and increased metabolism.”

Studies in HD mouse models demonstrate structural changes
throughout the GI tract including decreased mucosal thickness
in the stomach and large intestine, decreased villus length in
the duodenum, and decreased total length of the large intestine;
these animals have impaired absorption of nutrients and water.
Although malabsorption is present even prior to onset of
weight loss in animal models and therefore is not thought to be
the initial trigger, the degree of malabsorption does correlate
with the rate of weight loss.”® Similar studies in humans are
lacking.

Chorea-Acanthocytosis

Chorea-acanthocytosis (ChAc) is one of a number of neuro-
acanthocytosis syndromes, caused by autosomal recessive
inheritance of mutated VPS13A gene, which encodes the pro-
tein chorein. Several motor features of the disease help to for-
mulate a clinical diagnosis, which may be supported by the
presence of acanthocytes on blood smear, reduced level of
chorein on Western blot, or genetic testing. ChAc manifests
with a variety of abnormal movements including chorea, par-
kinsonism, and dystonia but is most well-recognized for its
orofaciolingual features. Individuals with ChAc have a high
rate of dysphagia, oral dyskinesias, and oral ulceration as a
result of involuntary tongue and cheek biting. Feeding dysto-
nia, a characteristic feature of the disease, occurs in roughly
13% and leads to tongue protrusion when food enters the
mouth.”” Due to difficulty maintaining oral intake, weight
loss is common and patients may require gastrostomy tube
placement.

Ataxia
Cerebrotendinous Xanthomatosis

Cerebrotendinous xanthomatosis (CTX) is an autosomal reces-
sive disorder caused by deficiency in the enzyme sterol
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27-hydroxylase leading to abnormal chenodeoxycholic acid syn-
thesis. There is subsequent excess production of cholestanol and
cholesterol with deposition of these sterols in the CNS and in
peripheral tissues. CNS manifestations of CTX are progressive
and include cerebellar ataxia, pyramidal tract signs, poly-
neuropathy, dystonia, parkinsonism, cognitive impairment and
seizures. Peripheral manifestations of CTX include premature
cataract formation, tendon xanthomas, and chronic diarrhea.
Although the neurologic symptoms typically trigger consider-
ation of CTX, intractable diarrhea may be the earliest feature of
the disease, often presenting in early childhood.”® The cause of
intractable diarrhea in CTX is not well understood and patients
often undergo extensive GI evaluation prior to formal diagnosis.
Despite impaired bile acid synthesis, there is no evidence that fat
absorption is impaired in CTX’® and therefore some have
suggested that bile alcohols present in the gut lumen may inter-
fere with gut motility or lead to electrolyte/ fluid disequilibrium
or bacterial dysbiosis. Early recognition of CTX as a syndrome is
important because supplementation with chenodeoxycholic acid
may alleviate, and in some cases resolve GI symptoms and stabi-

. . 79,80,81
lize neurologic symptoms.

Ataxia Telangiectasia

Ataxia telangiectasia (A-T) is an autosomal recessive disorder
caused by mutations in the ATM gene. A-T is characterized by
a constellation of neurologic and non-neurologic symptoms.
The phenotypic presentation varies widely between individuals,
although the classic form presents in early childhood. A-T pre-
sents as a progressive ataxic syndrome; however, other hyperki-
netic or hypokinetic movement abnormalities also may

con 82,83
arise.

Systemically, A-T is associated with cutaneous and
ocular telangiectasias, sensitivity to radiation, immunoglobin
deficiency with increased susceptibility to sinopulmonary infec-
tions, and endocrine abnormalities such as insulin-resistant dia-
betes.** Due to the involvement of the ATM gene in DNA
repair, individuals with A-T also have higher rate of malig-
nancy. GI complications of A-T include dysphagia and diffi-
culty gaining weight, which may lead to failure to thrive. It is
not uncommon for individuals with A-T to require insertion of
a gastrostomy tube. A-T associated liver pathology also has
been described.®

Fragile X-Associated Tremor/Ataxia
Syndrome

Fragile X-associated tremor/ataxia syndrome (FXTAS) is a
degenerative disorder caused by inheritance of an expanded
CGG repeat in the FMR1 gene. Whereas individuals with Frag-
ile X syndrome (described later) inherit a repeat length of >200,
those with FXTAS inherit a repeat length in the premutation
range of 50—-200. FXTAS presents clinically with progressive cer-
ebellar ataxia, intention tremor, and/or parkinsonism, typically in
the 7th decade of life, with men disproportionately affected.®
Individuals may experience cognitive and behavioral changes as
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the disease progresses. Data on GI manifestations of FXTAS are
sparse, though survey-based studies do suggest that individuals
report irritable bowel symptoms, constipation, and reflux.?” With
disease progression, individuals may experience dysphagia along
with bowel and bladder incontinence.® Intranuclear inclusions
have been noted in several systemic tissues including, but not
limited to, the myenteric plexus of the esophagus and colon.®®

Myoclonus
Anti-DPPX Encephalitis

Antibodies targeting the dipeptidyl peptidase-like protein
6 (DPPX) are implicated in a relatively recently described auto-
immune encephalitis. DPPX is a subunit of the voltage-gated A-
type Kv4.2 potassium channel, which is distributed throughout
the CNS. The spectrum of clinical disease is variable with the
largest review of cases suggesting that encephalopathy and CNS
hyperexcitability (defined as myoclonus, hyperekplexia, tremor,
or seizures) are common features and occur in 92% and 77% of
individuals respectively. A smaller subset of patients developed a
syndrome which shares features with PERM (progressive
encephalomyelitis, rigidity, and myoclonus).* In a small study of
20 seropositive patients, autonomic dysfunction was common
with various features of GI dysmotility (diarrhea, gastroparesis,
constipation) occurring in nearly half of individuals, often with
prodromal weight loss.”” Studies suggest that DPPX antibodies
may elicit hyperexcitability in enteric neurons themselves, which
may in part explain the prodromal diarrhea experienced by some

g . 91
individuals.

Triple A Syndrome

Triple A syndrome, also known as Allgrove syndrome (AS), is
an inherited disorder that is so named due to its triad of associ-
ated symptoms: adrenal insufficiency, achalasia, and alacrima
(decreased or absent tear production). Progressive neurologic
and autonomic dysfunction may arise; histopathologic studies
have revealed reduction in the cardia myenteric ganglia of
patients with AS. A 2004 case report describes a patient with
prominent myoclonus and a constellation of GI symptoms
including esophageal dyskinesia, abdominal pain with diarrhea

92
and recurrent gallstones.

Stereotypy

While it is not within the scope of this paper to address the GI
manifestations of autism spectrum disorder as a whole, several
neurodevelopmental disorders associated with abnormal move-
ments are important to highlight.

Rett Syndrome

Rett syndrome (RS), predominantly seen in girls, is caused by
mutations in the MECP2 gene on the X chromosome and char-
acterized by developmental regression after 6—18 months. Hand

stereotypies are the hallmark of this disorder, but numerous other
abnormal movements have been described including dystonia,
tremor, myoclonus, chorea, ataxia, and rigidity.‘)3 The GI
accompaniments to RS are varied. In a large survey-based study,
parents of patients with RS reported that feeding problems and
GI symptoms are common, occurring in 81% and 92% of
patients with RS respectively. Poorly coordinated chewing and
swallowing contributed to prolonged feeding time in 62% and
up to 80% of individuals with RS displayed constipation.”* Bili-
ary tract disease is much less common, occurring in roughly 4%
of individuals with RS.”

Fragile X Syndrome

Fragile X syndrome (FXS) is a trinucleotide repeat disorder cau-
sed by expansion of CGG repeats in the FMR1 gene. It is the
most common genetic cause of intellectual disability and is asso-
ciated with stereotyped hand flapping and motor tics. Data on
GI symptoms in FXS are sparse, with diarrhea and reflux esti-
mated to occur in roughly 11% of individuals; connective tissue
abnormalities and hypotonia are thought to play a role in the

development of reflux in individuals with FXS.”

Angelman Syndrome

Angelman syndrome (AS) is a genetically heterogeneous disor-
der with the most common subtype caused by deletion of the
portion of maternal chromosome 15 containing the UBE3A
gene.”’ Individuals with AS have a characteristic happy
demeanor and experience seizures, intellectual disability,
expressive language impairment, and movement abnormalities,
including ataxic gait, tremulousness, hand-flapping, and
impaired coordination of mouth movements.” Difficulty with
sucking or swallowing contributes to poor feeding in roughly
half of infants with AS. A large retrospective chart review
demonstrated that 87% of the individuals with AS experienced
GI symptoms with constipation and gastroesophageal reflux
reported most frequently.”’

Other
Anti-IgLON5 Disease

Anti-IgLON5 disease is a more recently recognized autoimmune
disorder with heterogeneous manifestations, although most often
characterized by significant disturbances in sleep and movement.
The associated abnormal movements are varied, but impairments
in gait and balance are most frequent, with other individuals dis-
playing chorea, dystonia, or other hyperkinetic movements. The
described sleep disturbances include obstructive sleep apnea, stri-
dor, and parasomnias in both REM and non-REM sleep.”” Data
from a small group of patients demonstrated that nearly half
experienced autonomic dysfunction, with impairments in urinary
function most frequent, followed by impairment in GI motility
(constipation or diarrhea) and thermoregulation.'” Larger studies
will be needed to reproduce this data.
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Restless Legs Syndrome

Restless legs syndrome (RLS), a sleep-related movement disorder, is
characterized by an irresistible urge to move the legs in response to
an often poorly described discomfort. Although the pathophysiology
of RLS is not definitively known, abnormalities in iron homeostasis,
dopamine regulation, and sensorimotor processing have been impli-
cated, with peripheral neuropathy also thought to contribute.'"
Surveys of individuals with RLS suggest that there is a high rate of
autonomic dysfunction compared with controls, affecting multiple
domains.'">'” In one study, GI symptoms including dysphagia,
drooling, constipation, abdominal fullness, straining for defecation,
or fecal incontinence occurred in up to 86% of individuals with
RLS not on treatment.'” There is growing data to support a link
between RLS and irritable bowel syndrome (IBS) with one small
study showing a 28% prevalence of IBS in the RLS cohort, com-
pared with 4% in controls.'”" A higher rate of SIBO also was noted
in the RLS group. The role of intestinal inflammation in the patho-
physiology of RLS requires further study.

Disorders with
Gl/Movement Overlap

The entities discussed above are all disorders that, for the most
part, are considered to be neurological disorders in origin, with
GI aspects that are secondary. However, there are other disorders
that do not fit so neatly into that category, yet afflicted individ-
uals are likely to display both GI and movement disorder symp-
toms during the course of their illness. Several such disorders will
be briefly addressed here, although a more complete description

is beyond the scope of this review.

Wilson’s Disease

Wilson’s disease (WD) is an autosomal recessive disorder that is the
result of mutation within the ATP7B gene on chromosome 13.
Over 700 mutations, most often missense, have been identified
and most affected individuals are compound heterozygotes.
Because defective function of ATP7B protein results in impaired
biliary excretion of copper, individuals with WD experience grad-
ual accumulation of copper, initially within the liver, but eventu-
ally also in other tissues, including the brain. WD can present
clinically in several guises: hepatic dysfunction, neurologic dysfunc-
tion, psychiatric dysfunction, and still other manifestations. Neuro-
logical dysfunction classically includes tremor that may be resting,
postural, or action/intention in character. Parkinsonism, dystonia,
chorea, and myoclonus also may occur. A more detailed descrip-
tion of the hepatic, neurologic, and other manifestations of WD
can be found in other reviews.'">'%°

Separate from hepatic dysfunction, a number of other aspects of
GI dysfunction have been described in the setting of WD. In one
small study, abnormalities on the Videofluoroscopic Swallow Study
were evident in 42.9% of the 21 WD patients studied."”” Both oral
and pharyngeal dysfunction were documented, but esophageal
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body dysfunction was the most frequent abnormality. Another
study investigating gastric abnormalities utilizing gastroscopy docu-
mented gastropathy in 65.2% of the 115 patients studied.'® Gastric
or duodenal ulcers were present in 9.6% of patients and esophageal
varices were noted in 29.6%. Patients being treated with zinc sulfate
had a higher risk for developing gastric injury. Gut microbial
dysbiosis also has been reported in WD.'” The significance of this
finding will require further study.

Whipple’s Disease

Whipple’s disease (WhD) is a rare multisystem disorder caused
by infection with the gram-positive bacterium, Tropheryma whip-
plei. Tt affects males more than females and the average age of
onset of symptoms is around age 55. Because of its protean
symptomatology, WhD can be devilishly difficult to diagnose. A
prodromal stage, often involving joint pain, typically is followed
by the development of the classic GI features of WhD, which
include diarrhea, abdominal pain, and progressive weight loss.''
Mesenteric panniculitis, consisting of an inflammatory reaction
involving the adipose tissue of the mesentery and characterized
by abdominal pain, bloating, constipation, nausea, and vomiting
also has been described in WhD."'! Neurologic involvement in
WhD typically is a later development, although it may be the
initial feature in approximately 5% of individuals.''? Neuropsy-
chiatric symptoms eventually become evident in many WhD
patients and may be cognitive, psychiatric, or behavioral in
nature. Various neurologic features, including cerebellar ataxia
and disordered sleep, may appear in WhD but the classic feature
of CNS labeled
oculomasticatory myorhythmia, which is considered by some to

involvement is abnormal movement
be pathognomonic of the disorder. Oculomasticatory myo-
rhythmia consists of pendular convergence nystagmus with con-
current slow, rhythmic, synchronous contractions of the
masticatory muscles, invariably accompanied by a supranuclear
gaze paresis.112 Prompt diagnosis is important because prolonged
antibiotic therapy can produce sustained clinical remission in
over 90% of patients. Unfortunately, diagnosis often is delayed
for years because of the protean nature of the symptoms and the
rarity of the disease itself.

Celiac Disease

The nomenclature and classification of what are now termed
gluten-related disorders has become more complicated and detailed
in recent years."'? This brief description will be limited to the auto-
immune gluten-related disorders, of which celiac disease (CD) is the
prototype. CD is characterized by the presence of gliadin-related
IgA antibodies along with the development of small intestinal
mucosal injury with villous atrophy, crypt hyperplasia, and increased
presence of epithelial lymphocytes. The mucosal damage leads to
the appearance of the classic GI symptoms of CD, such as diarrhea,
malabsorption, gassy distension, and weight loss. Extraintestinal man-
ifestations of CD also occur, including neurologic features that
may become evident in 6-39% of individuals with CD and
involve both the central and the peripheral nervous
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systems.''? Among the CNS-related neurologic features, a
variety of movement disorder manifestations have been
described, including chorea, paroxysmal nonkinesigenic dys-
tonia, and restless legs syndrome. The controversial entity,
gluten ataxia, also falls under the umbrella of gluten-related
disorders, but further elaboration is beyond the scope of this
review.''" The mainstay of treatment of CD is a gluten-

free diet.

Abetalipoproteinemia

Abetalipoproteinemia (ABL) is a rare autosomal recessive disorder
caused by a mutation in the microsomal triglyceride transfer pro-
tein (MTTP) gene.'" The consequent deficiency of MTTP
results in low levels of total cholesterol, very-low-density lipo-
(VLDL), and (LDL).
Apolipoprotein B, triglycerides, and chylomicrons are virtually

protein low-density  lipoprotein
absent and affected individuals are unable to absorb dietary fat
and the fat-soluble vitamins E, A, D, and K35 Gr dysfunc-
tion, including steatorrhea, diarrhea, vomiting, and failure to
thrive typically develops during infancy. Neurological symptoms,
such as ataxia, peripheral neuropathy, and myopathy, often do
not appear until the teenage years or beyond and are largely
attributable to the impaired absorption and resulting deficiency
of vitamin E. Movement disorder features in the form of resting
and postural tremor also have been described in ABL. High dose
oral vitamin E supplementation, along with supplementation of
vitamins A, D, and K, and oral essential fatty acids, with restric-

tion of dietary fat intake, are lifelong management strategies.' ">

Conclusion

It is uncommon for movement disorders to occur in isolation.
Often, underlying systemic symptoms go hand-in-hand with
neurologic disturbances. This is highlighted by the numerous
movement disorders with associated GI dysfunction. An interac-
tive relationship between the gut and the brain has been pro-
posed for several of these disorders. Further studies exploring this
relationship may lead to discovery of biomarkers to track disease.
In addition, recognition and management of these GI symptoms
are important, since effective treatment often greatly contributes

to the overall quality of life of affected individuals.
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