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Abstract

Purpose of review During the past 25 years, there has been an explosion of information
regarding the occurrence of gastrointestinal dysfunction in Parkinson’s disease. In this
review, the clinical features of gastrointestinal dysfunction in Parkinson’s disease will be
described and information regarding the potential role of the enteric nervous system and
the gut microbiome in the genesis of Parkinson’s disease will be addressed.
Recent findings Recognition is growing regarding the role that gastroparesis and small
intestinal dysfunction may play in Parkinson’s disease, especially with regard to erratic
responses to anti-Parkinson medication. The presence of enteric nervous system involve-
ment in Parkinson’s disease is now well established, but whether the enteric nervous
system is the starting point for Parkinson’s disease pathology remains a source of debate.
The potential role of the gut microbiome also is beginning to emerge.
Summary Gastrointestinal dysfunction is a prominent nonmotor feature of Parkinson’s
disease and dysfunction can be found along the entire length of the gastrointestinal tract.
The enteric nervous system is clearly involved in Parkinson’s disease. Whether it is the
initial source of pathology is still a source of controversy. There also is growing recogni-
tion of the role that the gut microbiome may play in Parkinson’s disease, but much more
research is needed to fully assess this aspect of the disorder.

Introduction

In writing his 1817 treatise, James Parkinson was clearly
aware that gastrointestinal (GI) dysfunction was part of
the clinical spectrum of what we now know as
Parkinson’s disease (PD). He described dysphagia:
“….somuch are the actions of themuscles 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•] He was aware of the tendency for
individuals with PD to have increased saliva with
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drooling: “the saliva fails of being directed to the back
part of the fauces, and hence is continually draining
from the mouth.” [1•] He even had the perspicacity to
not simply mention bowel dysfunction but to actually
describe two distinct aspects of bowel dysfunction in PD
in the forms of reduced bowel movement frequency and
difficulty with the act of defecation itself: “the bowels,
which had been all along torpid, now, in most cases,
demand stimulating medicines of very considerable
power: the expulsion of faeces from the rectum some-
times requiring mechanical aid.” [1•]

Curiously, following Dr. Parkinson’s publica-
tion, next to nothing was written about GI dysfunc-
tion in PD for almost 150 years. Eadie and Tyrer
published a report in 1965 that described aspects
of GI dysfunction in PD [2], but subsequently little
more was written for another quarter century. That
drought finally came to an end, and in the past
25 years, there has been a veritable flood of
reporting and writing about not only the clinical

features of GI dysfunction in PD but also their
pathophysiological basis, and currently attention
has focused on the possible role that changes in
the gut may play in the genesis of the disease itself.

In light of this, it is both fitting and remarkable that
James Parkinson himself, in that 1817 treatise, also
speculated about the possibility that PD might have its
roots within the GI system and spread from there to the
central nervous system, when he wrote: “Although un-
able to trace the connection by which a disordered state
of the stomach and bowels may induce a morbid action
in a part of the medulla spinalis, yet taught by the
instruction of Mr. Abernethy, little hesitation need be
employed before we determine on the probability of
such occurrence.” [1•]

In this review, the clinical features of GI dysfunction
in PDwill be discussed, the pathophysiological basis for
these clinical features will be addressed, and the evolving
topic of the gut microbiome and its potential role in the
genesis of PD will broached.

GI features of PD

A resurgence of interest in the GI manifestations of PD was heralded by the
report of Edwards and colleagues in 1991 delineating five GI features—excess
saliva, dysphagia, nausea, decreased bowel movement frequency, and difficulty
with the act of defecation itself—as occurring more frequently in PD patients
than in comparably aged controls [3]. It was suggested that, beyond the obvious
medication-induced nausea, impaired gastric emptyingmight also be a cause of
nausea and other symptoms in PD [4]. Subsequent studies involving larger
numbers and using validated questionnaires [5] confirmed these initial findings
and more recent studies have documented the presence of these and some
additional abnormalities of GI function in the setting of PD, which will be
addressed in this review.

Excess saliva
The reported presence of excess saliva in the mouth of individuals with PD is
10–81% [6]. It is surprising to learn, then, that saliva production actually is
decreased in PD, rather than increased [7]. The reason for the drooling is that
individuals with PD no longer swallow as frequently or as efficiently as normal,
which allows the saliva to accumulate in the mouth. The predilection for
stooped posture and for the jaw to drop slightly, leaving the mouth open, then
leads to the drooling. Initially, itmay be sufficient to have the PDpatient simply
chew gum or suck on hard candy in social situations, which turns the impaired
automatic swallowing into a more conscious maneuver. If more extended relief
is needed, approaches that reduce saliva production are necessary. Systemic
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anticholinergic drugs that cross the blood-brain barrier are perhaps best
avoided, but ones that do not, such as glycopyrrolate, may be useful. An
alternative to systemic anticholinergics is the sublingual administration of a
drop of atropine 1% ophthalmic solution once or twice a day [8]. If such simple
measures are ineffective, botulinum toxin injections into the salivary glands
typically produce improvement that lasts for 3–4 months [9].

Dysphagia
Subjective survey studies report the presence of dysphagia in 9–82% of
individuals with PD, but objective studies, such as modified barium
swallow studies (MBSS), demonstrate at least some abnormality in 75–
97% of individuals [6, 10, 11]. A recent controlled, cross-sectional study
of 119 PD patients, utilizing flexible endoscopic evaluation of
swallowing (FEES), was able to demonstrate a completely normal ex-
amination in only 5% of PD patients [12]. Thus, clinically asymptomatic
abnormalities of swallowing may be present in a significant number of
persons with PD. Any phase of swallowing—oral, pharyngeal, or
esophageal—may be affected. Rigidity and bradykinesia of the 30 pairs
of striated muscles involved in the oral and pharyngeal phases of
swallowing, along with dysmotility involving both the striated and
smooth musculature of the esophagus, are likely responsible, although it
also has been suggested that impaired pharyngeal sensation may play a
role [13]. A variety of abnormalities of oropharyngeal and esophageal
dysfunction have been identified, including abnormalities of tongue
function resulting in abnormal bolus formation and transfer, pharyngeal
dyscoordination, and esophageal dysmotility. It is important to remem-
ber that other processes, which may or may not occur more frequently
in PD, may also be responsible for dysphagia in individuals with PD.
Examples of this include the presence of anterior cervical osteophytes
impinging on the esophagus, Zenker’s diverticulum, cricopharyngeal bar,
achalasia, and even severe gastroesophageal reflux [14, 15].

Aspiration is an important risk for individuals with PD and dysphagia. Some
studies suggest that over 50% of persons with PD will display at least some
radiographic evidence of aspiration, although the aspiration may be clinically
silent in a significant percentage of those affected [16, 17].

Treatment of dysphagia in PD depends upon the cause. If anMBSS identifies
disordered oropharyngeal or upper esophageal swallowing indicative of PD,
referral to a speech/swallowing therapist for training is appropriate. Whether
adjustment of PDmedication can be helpful is still a subject of debate [18–20].
If the MBSS demonstrates a specific abnormality, such as a Zenker’s diverticu-
lum or cricopharyngeal bar, appropriate surgical or other therapy can be uti-
lized [15]. If the MBSS does not demonstrate an abnormality that accounts for
the dysphagia, more thorough visualization of the distal portion of the esoph-
agus by esophagram should be considered.

Gastroparesis
Impaired or delayed gastric emptying (gastroparesis) is characterized not only
by nausea, but also by reduced appetite, early satiety, bloating, vomiting, and
weight loss [21]. Impaired antral contractions or failure of the pyloric sphincter
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to relax may be responsible. Gastroparesis already may be evident in early and
untreated PD, but its presence and severity tends to become more prominent
with disease progression [22–24]. Scintigraphic gastric emptying studies (solid,
liquid, or both) have been the standard means by which to confirm the
presence of gastroparesis. However, the recent availability of the wireless mo-
tility capsule testing system may prove to be a more advantageous method to
obtain information about not only gastric emptying but also other aspects of GI
motility [25, 26].

It is important to remember that, in addition to producing the GI symptoms
mentioned above, gastroparesis can also be responsible for inconsistent re-
sponses to levodopa, including both delayed response and complete dose
failure, since levodopa must reach the small intestine in order to be absorbed.
Other processes, such as competition with protein for absorption in the small
intestine, levodopa tablet sequestration in the epiglottic valleculae,
Helicobacter pylori infection, and small intestinal bacterial overgrowth may
also produce erratic responses to levodopa [27, 28]. Recently, impaired gastric
emptying secondary to an enormous hiatal hernia also was reported to produce
levodopa dose failure [29].

Treatment of gastroparesis in PD can be problematic. The standard method
for treating gastroparesis in other situations, metoclopramide, cannot be used
in PD patients because it crosses the blood-brain barrier and will block dopa-
mine receptors within the central nervous system. Domperidone does not cross
the blood-brain barrier but has never been approved for use in the USA. The
motilin agonist, erythromycin, is not appropriate for extended use. Serotonin 5-
HT4 agonists, which act by increasing acetylcholine release, have either been
withdrawn from use (cisapride, tegaserod) or have never been approved for use
in the USA (prucalopride, mosapride, renzapride). One small pilot study has
reported the effectiveness of the histamine H2 receptor blocker, nizatidine, in
improving gastroparesis in PD, but further confirmation is lacking [30]. Ghrelin
agonists, such as relamorelin, appear to be potentially useful prokinetic agents,
but are still experimental [31]. Several non-pharmacological treatment ap-
proaches are worth mentioning. If gastroparesis is due to failure of the pyloric
sphincter to relax, which has been suggested to be the case in at least some
individuals with PD, botulinum toxin injections into the pyloric sphincter may
alleviate gastroparesis. The effectiveness of this approach has been described by
several groups of investigators [32, 33]. Gastric pacemaker implantation has
been utilized in individuals with severe, treatment-resistant gastroparesis
caused by diabetes, but there is no published experience in PD [34].

Small intestinal dysfunction
The small intestine has received very little research attention in the setting of PD,
probably as a consequence of its relative inaccessibility. However, small intes-
tinal bacterial overgrowth (SIBO) has been reported to be present in 54% of PD
patients in one recent study, with the presumption that impaired small intes-
tinal motility may be responsible [35]. SIBO is characterized by increased
bacterial density in the small intestine, including the presence of bacterial
species originating in the colon. It may be characterized by flatulence and a
sense of bloating [35]. If sufficiently severe, SIBO may cause malabsorption,
which could conceivably explain the weight loss so frequently evident in PD.
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In another interesting study, Fasano and colleagues reported that
individuals with PD and SIBO were more likely to experience erratic
responses to levodopa, such as increased “off” time, delayed responses,
and dose failures, than were those without SIBO [27]. Moreover, anti-
biotic treatment of the SIBO resulted in improvement in these parame-
ters, at least for a period of time.

In a more recent and larger study involving 103 individuals with PD, Tan
and colleagues identified SIBO in 25.3% of the patients [36]. The presence of
SIBO was not associated with more prominent GI symptoms, but its presence
did predict increased motor dysfunction.

Delayed colon transit constipation
Slowed colon transit time has been documented in PD by numerous
investigators, with transit times often about twice as long as in control
individuals [37–40]. At least two studies have indicated that slowed
colon transit is evident in approximately 80% of individuals with PD
[37, 40] and the slowed transit presumably is responsible for less
frequent bowel movements. As with dysphagia, objective impairment of
colon transit is present in a greater percentage of PD patients than are
subjective symptoms [40]. Recent experience suggests that PD constipa-
tion may differ from idiopathic constipation in some other ways. In a
study evaluating the possible efficacy of the ghrelin agonist, relamorelin,
in treating constipation in PD, investigators suggested that PD patients
may have bowel movements on fewer days than normal, but may
experience multiple small, incomplete bowel movements on those days,
a phenomenon referred to by the investigators as bowel movements by
the installment plan [41]. How common this is or whether it is specific
for PD is unknown.

The treatment of slow transit constipation in PD involves a stepwise
approach. The first line of treatment is to increase dietary fiber and fluid
consumption. For many, perhaps with some additional fiber supple-
ments or bulking agents such as psyllium or methylcellulose and stool
softeners such as docusate, that is sufficient [39]. If it is not, the use of
laxatives becomes necessary. Chronic daily use of stimulant or irritant
laxatives, such as sennosides or bisacodyl, is probably best avoided.
Osmotic laxatives, such as polyethylene glycol 3350 and lactulose, which
draw fluid into the colon, can be quite effective and seem to be
tolerated well even when it is necessary to take them on a daily basis
[42]. For individuals in whom these initial treatment approaches have
been unsatisfactory, several newer agents with unique mechanisms of
action have become available. Lubiprostone, which is a chloride channel
activator, was evaluated in one double-blinded, placebo-controlled clin-
ical trial with PD patients and found to be effective [43]. The guanylate
cyclase agonist, linaclotide, also can be used, although it has not been
specifically studied in PD. The search for more effective agents also
continues. Relamorelin, a ghrelin agonist, was evaluated in a multicenter
clinical trial but the trial was terminated because of difficulty encoun-
tered with enrollment [41]. Novel treatment approaches, such as a
vibrating capsule that is swallowed and then activated in the colon to
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trigger peristalsis, have been successfully utilized in early clinical trials in
individuals with chronic constipation but not in the setting of PD [44].

Defecatory dysfunction
Difficulty with the act of defecation itself is the second manifestation of bowel
dysfunction in PD. It is characterized by increased straining, incomplete emp-
tying, and painful defecation and is present, at least to some degree, in ap-
proximately two-thirds of individuals with PD [10, 45]. For normal defecation
to take place, both contraction and relaxation of certain muscles need to occur.
The internal and external anal sphincters need to relax, as does the puborectalis
muscle, which wraps around the rectum and by tonic contraction produces a
kinking in the rectum, similar to a curtain sash, that impedes egress of material
and that, with relaxation of the muscle, produces a straightening of the rectum
and widening of the anorectal angle that allows easier evacuation [46]. At the
same time that thesemuscles are relaxing, othermuscles, such as the abdominal
wall muscles, the diaphragm, and even the glottic muscles, need to contract in
order to increase intra-abdominal pressure [46]. In PD, this finely
choreographed combination of muscle contraction and muscle relaxation be-
comes uncoordinated and ineffective, resulting in inadequate sphincter relaxa-
tion, failure of the anorectal angle to open, and inadequate generation of
abdominal pressure with consequent difficulty with defecation, in much the
same way that muscular incoordination in the mouth and throat results in
dysphagia. These changes have been clearly documented by multiple investi-
gators with the use of both anorectal manometry and defecography [47–49].

Treatment of defecatory dysfunction is suboptimal. Pelvic floor exercises are
the current standard of treatment. There has been some suggestion that alter-
ations in dopaminergic function may be beneficial. Some patients report that it
is easier for them to have a bowel movement when they are “on”with regard to
motor function, compared withwhen they are “off” [unpublished observation].
In keeping with this, both Mathers and Edwards and their colleagues have
reported improvement in defecatory function, characterized by improvement in
defecography and anorectal manometry, following subcutaneous apomor-
phine injection in single dose testing in small groups of individuals [47, 49].
Botulinum toxin injections into the external anal sphincter and puborectalis
muscles also have been employed successfully but this approach is not widely
utilized [50, 51].

Pathophysiology of GI dysfunction in PD

The presence of PD pathology within the GI tract, specifically within the enteric
nervous system, was first recognized byQualman and colleagues in 1984, when
they described the presence of Lewy bodies within the esophagus or colon of
two PD patients [52]. This was followed by reports by Kupsky and colleagues
and Wakabayashi and colleagues of Lewy bodies within the ENS in the colon
[53–55]. In 1995, Singaram and colleagues took matters one step further when
they described both the presence of Lewy bodies and the loss of dopamine
neurons primarily within the myenteric plexus in colonic tissue obtained from
patients with PD [56]. However, the findings of this study have been called into
question by investigators using more modern techniques (see below). Further
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study was limited by the fact that obtaining myenteric plexus tissue required
full-thickness colonic wall biopsy, which was impractical. Thus, investigation
languished until it was recognized that Lewy bodies were primarily composed
of alpha-synuclein and that alpha-synuclein deposition both within Lewy
bodies and as fibrils could be identified by immunohistochemical methods.
The current explosion of interest in GI involvement in PD was triggered by the
series of reports by Braak and colleagues in which they first proposed that the
pathology of PD within the CNS is first apparent in the dorsal motor nucleus of
the vagus and spreads from there and then later proposed that pathology may
be present even earlier within the ENS and spread via the vagus nerve from the
ENS to the CNS [57•]. A number of studies subsequently lent support to the
“Braak Hypothesis.”

Abbott and colleagues earlier had reported that individuals with a history of
less frequent bowel movements had a higher risk of developing PD [58] and it
was subsequently reported that individuals with PD who had experienced
constipation prior to the onset of the motor symptoms of their PD had been
experiencing the constipation a mean of 18.7 years [59]. More recently, several
epidemiological studies, one using a Danish registry and one a Swedish registry,
reported that individuals who had undergone full truncal vagotomy for the
treatment of ulcer disease were less likely to develop PD than were individuals
who had undergone selective or super-selective vagotomy (both of which leave
portions of the vagus nerve still intact), which would support the hypothesis
that the pathology of PD uses the vagus nerve as a conduit to the brain [60, 61].

The demonstration of alpha-synuclein-positive neurites in submucosal tis-
sue obtained during routine colonoscopy further fueled investigation [62] as
did the subsequent report of the presence of submucosal alpha-synuclein-
positive neurites in biopsies performed during sigmoidoscopy, which did not
require the elaborate preparation necessary with colonoscopy [63]. Shannon
and colleagues added to speculation about the possible genesis of PD in the GI
tract by reporting the presence of alpha-synuclein deposition in colonic biopsy
specimens obtained 2–5 years before the onset of classic PD motor symptoms
in patients who were subsequently diagnosed with PD [64]. The presence of
alpha-synuclein in individuals diagnosed up to 8 years later with PD was
reported by Hilton and colleagues [65].

If PD pathology truly arises within the ENS, presumably triggered by inva-
sion of a pathogen from within the gut lumen, some compromise of the
intestinal epithelial barrier must be present. Reports from several investigators
have focused on this possibility. Forsyth and colleagues reported that PD
subjects exhibit increased colonic permeability and also demonstrated in-
creased intestinal mucosal staining for E.coli, nitro-tyrosine, and alpha-
synuclein [66]. Clairembault and colleagues detected alterations in occludin, a
tight junction protein involved with control of intestinal barrier permeability,
and suggested that these changes could lead to increased permeability [67].

These studies work together to paint a picture that an offending pathogen
gains access to enteric neurons via a leaky intestinal epithelial barrier, perhaps
setting up a smoldering inflammatory process that results in the formation of
abnormal alpha-synuclein that then spreads via the vagus nerve, perhaps in a
prion-like fashion, to arrive in the brainstem at the dorsal motor nucleus of the
vagus and then to spread from there within the CNs, ultimately producing
neuronal damage throughout the brainstem and cerebrum that produces the
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clinical picture of PD [68–71]. A variety of animal studies have also been
reported that support this formulation, but are beyond the scope of this review.

However, the picture is not quite so pristine [72]. A number of studies also
have been published that conflict with the picture portrayed above. Autopsy
studies performed on a series of 417 individuals participating in the Brain and
Body Donation Program at the Banner Sun Health Institute did not uncover a
single case in which Lewy bodies and neurites were present in peripheral
autonomic networks but not in the brain [73••]. Furthermore, Annerino and
colleagues did not find evidence of any neuronal loss within the ENS of
individuals with PD, compared with controls [74]. Objections have also been
raised to the Danish vagotomy study [75] and animal studies have been
reported that also argue against a gut-to-brain progression of PD pathology [76,
77].

The gut microbiome and the genesis of PD

The most recent explosion of research and writing about the GI system
and PD has focused on the gut microbiome and the role it may play in
the genesis of PD. Several groups of investigators have reported alter-
ations in the gut microbiome in patients with PD [78–81]. The reported
alterations tend to demonstrate reductions in anti-inflammatory types of
bacteria and elevations in pro-inflammatory types in PD patients com-
pared with controls. This, in turn, fuels the speculation that alterations
in the gut microbiome may promote an inflammatory environment
within the gut and that eventually broaches the epithelial cell barrier
and kindles a smoldering inflammatory process within the submucosal
and eventually also the myenteric plexus that then is eventually trans-
mitted to the CNS. It is important to note, as pointed out by Quigley,
that these studies have generally been relatively small in size and their
populations not necessarily representative of the general PD population
[82]. In another review, he also points out the possibility that the
disease may be driving changes in the microbiome, rather than the
microbiome being the driving force [83••].

Animal studies have also provided tantalizing clues regarding the
possible role of the gut microbiome in the genesis of neurodegenera-
tive disease. One dramatic example is the report of Sampson and col-
leagues, in which they utilized an alpha-synuclein transgenic mouse
model that develops typical GI and motor features of PD and showed
that transgenic mice grown under germ-free conditions exhibited less
severe disease than mice grown with normal gut microbiota [84••].
Furthermore, when germ-free transgenic mice received microbiota from
humans with PD, they displayed deterioration in motor function [84••].

Conclusion

So, what do we really know about GI dysfunction in PD? It is abundantly clear
that GI dysfunction is present in a significant proportion of individuals with PD
and that the dysfunction may span the entire GI tract. It is equally clear that
there are pathological changes present in both the CNS and the ENS in patients
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with PD. It is possible, but far from proven, that the pathology of PDmay have
its genesis within the gut, but it is not so clear whether the GI symptoms of PD
are the result of the changes within the ENS or within the CNS—or perhaps
both.
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