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Abstract.
Background: Infection with Helicobacter pylori seems overrepresented in Parkinson’s disease. Clinical observations suggest
a suboptimal treatment effect of levodopa in Helicobacter positive patients.
Objective: Describe and explain the connection between a Helicobacter pylori infection of the upper gut and changes in
pharmacokinetics of oral levodopa treatment in Parkinson’s disease.
Methods: PubMed, Google Scholar, and Cross Reference search was done using the key words and combined searches:
Bioavailability, drug metabolism, dyskinesia, Helicobacter, L-dopa, levodopa, motor control, pharmacodynamics, pharma-
cokinetics, prevalence, unified Parkinson’s disease rating scale.
Results: The prevalence of Helicobacter pylori in Parkinson’s disease patients is reported to be about 1.6-fold higher than
in a control population in some studies. Helicobacter has therefore been assumed to be linked to Parkinson’s disease, but
the mechanism is unclear. As regards symptoms and treatment, patients with Parkinson’s disease on levodopa therapy and
with Helicobacter pylori infection display worse motor control than those without Helicobacter infection. Eradication of
the infection improves levodopa response in Parkinson’s disease, likely as a consequence of an increased oral pre-systemic
bioavailability of levodopa, likely to be explained by reduced Helicobacter-dependent levodopa consumption in the stomach.
In addition, small intestinal bacterial overgrowth may also have an impact on the therapeutic setting for levodopa treatment
but is less well established.
Conclusion: Eradication of Helicobacter pylori improves levodopa bioavailability resulting in improved motor control. Erad-
ication of Helicobacter should be considered in patients with poor symptomatic control and considerable motor fluctuations.
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INTRODUCTION

Already in the 1960s, an association between gas-
tric ulcer and Parkinson’s disease (PD) was reported.
In a study of 200 PD patients and 200 age- and
sex-matched controls, Strang [1] noted a statistically
significant higher incidence of ulcers (diagnosed by
X-ray or surgery) in PD patients compared to the
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controls, with ulcers preceding PD diagnosis by
years. At first, the increased prevalence of gastric
ulcer in PD patients was considered an independent
feature of the disease with gastrointestinal (GI) symp-
toms as one of many clinical hallmarks experienced
by all PD patients. Later, researchers found clear
relationships between PD, levodopa treatment and
Helicobacter pylori (HP), and many theories have
been forwarded to explain the role of HP in PD [2–5].

PD is a complex disease entity of unknown etiol-
ogy [6]. The role of the GI system in PD has been
much debated. The onset of PD is often preceded
by a period of GI dysfunction, suggesting that the
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condition might originate in the gut and spread to
the brain along the gut-brain axis. This hypothesis
is, however, still debated [7, 8]. In this context, HP
has been suggested to be involved in PD in several
ways: First, epidemiological observations imply an
association between HP and PD. Second, HP may
interfere with the absorption of levodopa. Third, HP
may affect the pharmacokinetic properties with sub-
sequent effects on the levodopa efficacy.

In order to shed light on the importance of the gut
microbiota in terms of HP infection and small
intestinal bacterial overgrowth (SIBO) for the phar-
macokinetics and pharmacodynamics of levodopa in
PD treatment, a search for peer reviewed articles was
carried out in PubMed, Google scholar and Cross
Reference using the key words (alone and in combi-
nation): bioavailability, drug metabolism, dyskinesia,
Helicobacter, l-dopa, levodopa, motor control,
pharmacodynamics, pharmacokinetics, prevalence,
unified Parkinson’s disease rating scale.

A CAUSATIVE ROLE OF HELICOBACTER
PYLORI IN PARKINSON’S DISEASE?

There is today epidemiological data to suggest an
increased prevalence of HP infection in PD patients
(Table 1). As compared to healthy controls, one case-
control study has shown HP antibodies to be 5-fold
more common in PD patients over 80 years of age [9];
another study found HP to be 3-fold more common
[10].

A concluding meta-analysis of eight eligible stud-
ies comprising 33,125 patients showed the pooled
odds ratio of PD in HP-infected persons to be 1.59
(1.37–1.85). In subgroup analyses, the combined
odds ratios of PD in HP-infected subjects were 1.96
(1.23–3.12) in Asia, 1.55 (1.32–1.82) in Europe, 1.59
(1.35–1.88) in case-control studies, 1.56 (1.01–2.39)

Table 1
Prevalence of Helicobacter pylori in Parkinson’s disease patients

Author (year) [ref] Helicobacter Helicobacter
pylori pylori

prevalence prevalence
in PD (%) in background

population (%)

Dobbs et al. (2000) [2] 48 <40
Pierantozzi et al. (2006) [11] 36 50–69
Lee et al. (2008) [12] 53 50–69
Dobbs et al. (2012) [13] 70 <40
Tan et al. (2015) [14] 32 <40
Mridula et al. (2017) [15] 50 50–69

Background population Helicobacter pylori prevalence according
to [16].

in cross-sectional studies, 1.56 (1.32–1.85) in stud-
ies with confounders adjusted, and 1.71 (1.21–2.43)
in studies with no confounder adjusted. Hence, HP
infection might be associated with an increased risk
of PD [17].

As regards a causative role of HP for development
of PD, there is a hypothesis of HP generating a neu-
rotoxic effect by elaborating cholesterol glucosides,
ultimately leading to degeneration of dopaminergic
neurons in the brain [5]. According to another hypoth-
esis an HP infection which is not controlled by the
immune system or not eradicated, permits immuno-
logically activated molecules to pass the blood-brain
barrier, leading to damage of dopaminergic cells in
the brain and development of PD [18]. Hence, HP
might be involved in the pathogenesis of PD by induc-
ing apoptosis through an action nitric oxide on nerve
cells in critical areas of the brain [19].

Translational studies in humans show that autoanti-
bodies which are elevated in HP-positive PD patients
recognize proteins that are essential for normal brain
function, such as Nuclear factor I subtype A, platelet-
derived growth factor B and eukaryotic translation
initiation factor 4A3 [20]. This suggests that HP
may cause the immune system to generate anti-
bodies that are able to attack proteins within the
brain that are required for normal brain function,
thus making HP-infected people more vulnerable
to development of PD. The presence of elevated
autoantibodies against proteins essential for normal
neurological functions suggests that immunomodu-
latory properties of HP may explain the association
between the bacterium and greater PD motor dys-
function and disease severity. Today, the hypotheses
that HP infection is a predisposing factor for PD, a
disease progression modifier, or even a direct cause of
PD remain largely unexplored. The GI pathology in
PD seems multifactorial, involving HP, the intestinal
microflora, inflammatory response, or misfolding of
alpha-synuclein in the gut and brain, cholesterol and
other metabolites, as well as potential neurotoxins
directly from bacteria or dietary sources.

LEVODOPA THERAPY

The dopamine precursor levodopa (L-dopa, L-3,
4-dihydroxyphenylalanine) is the hallmark of symp-
tomatic treatment of PD. Peripherally acting DOPA
decarboxylase inhibitors, such as carbidopa or ben-
serazide, are always co-administered with levodopa
in order to increase brain bioavailability of the
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drug. After gastric emptying, levodopa absorption
in the small intestine is suggested to be mediated
by the large neutral amino acids transport machin-
ery, likely the L-type amino acid transporters (LATs)
[21], which are obligatory exchangers and transport
all common amino acids. Co-administration of lev-
odopa and dietary amino acids is avoided in order
to decrease the competition for the carrier-mediated
transport the intestine. After uptake to the blood st-
ream, levodopa crosses the blood-brain barrier by
way of LATs, and is enzymatically decarboxylated in
neuronal tissue into dopamine which exerts its phar-
macological end-action on postsynaptic dopamine
D2 (and possibly D3) receptors [22]. This pul-
satile dopamine signaling is, however, short-lived
and a rapid degradation takes place through the ac-
tion of neuronal monoamine oxidase (MAO) and
cathechol-O-methyl transferase (COMT). Therefore,
administration of levodopa has to be repeated mul-
tiple times a day to achieve stable and acceptable
body movements and motor control. Chronic lev-
odopa treatment is limited by the shortening duration
of the motor and non-motor improvement and fluctu-
ating responses to the drug, resulting in ‘wearing-off’
phenomena and dyskinesia [23–25], common prob-
lems in the clinical setting. The long-term treatment
response gradually shortens along with disease
progression and the pharmacokinetic behavior of lev-
odopa is mirrored in the symptomatic relief as the
patient has reached the phase of motor fluctuations.
Several attempts to modify the pharmacokinetics of
levodopa have been made. The most effective concept
involves continuous drug delivery, especially duode-
nal infusion of levodopa including peripheral enzyme
inhibitors [26]. Others are the use of peripheral DOPA
decarboxylase inhibition, by e.g. carbidopa or benser-
azide, in order to increase brain bioavailability of
levodopa, as well as MAO inhibition to prolong the
effect duration of each dose.

Levodopa-induced dyskinesia is common in the
treatment of PD. This complication is due to phasic
stimulation of dopamine receptors, levodopa-to-dop
amine conversion in serotonergic neurons, hyperac-
tivity of glutamatergic transmission, and overstimu-
lation of nicotinic autoreceptors enhancing dopamine
release. Development of dyskinesia is a function
of disease duration rather than cumulative levodopa
medication [27]. Improvements of levodopa delivery
and bioavailability have been suggested to reduce its
prevalence [27].

Since the majority of PD patients are treated with
oral levodopa formulations with rapid onset and

turnover, any factor influencing the pharmacokinet-
ics and pharmacodynamics of levodopa is of utmost
interest for the optimization of therapy.

HELICOBACTER INTERFERENCE WITH
LEVODOPA PHARMACOKINETICS AND
EFFICACY

HP infection has been suggested to impair drug
absorption. Diminished drug absorption was found
in HP infected patients under replacement therapies
with iron, thyroxin and levodopa. Following eradica-
tion therapy, an improvement of drug absorption was
noticed along with an inverse correlation between
severity of gastric inflammation and drug absorp-
tion indices [28].

As regards the importance of HP for the levodopa
treatment response in PD, pharmacokinetic studies of
levodopa in HP-infected subjects have been carried
out in a setting of an established PD diagnosis. In a
first report, fluctuations in the levodopa absorption
in six HP-infected patients with PD were observed,
at difference with HP-negative counterparts. As an
extension of this, unified Parkinson’s disease rating
scale (UPDRS) scores were lower after HP eradica-
tion [29]. Furthermore, the ‘onset’ time of levodopa
effects was longer, and its duration shorter in PD
patients with concomitant HP infection compared to
the HP-negative ones. It therefore seems that HP may
disrupt levodopa absorption. To this end, eradication
of HP decreased the onset time and increased the
duration of the levodopa effect when compared to pre-
treatment measurements. It therefore appears that HP
reversibly affects levodopa absorption. Examining
the result of the plasma concentration-time graph of
levodopa in detail shows that the absorption phase of
a 250 mg oral single dose is similar between pre- and
post-HP eradication conditions, whereas the elimi-
nation phase displays a greater bioavailability and
higher drug exposure (area under the curve, AUC)
after HP eradication over the remaining study period.
Hence, data speaks for a prolonged and more efficient
absorption process after HP eradication. This theor-
etically would not be due to changes in rapid mem-
brane passage or increased blood flow during the ab-
sorption phase, but rather a slower effect possibly due
to increased absorption of levodopa from the small
intestine either through reduced bacterial metabolism
of levodopa in the stomach and intestine, or a hastened
gastric emptying. Furthermore, a study carried out in
seven subjects showed similar results with increased
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Fig. 1. Pharmacokinetic model of levodopa plasma concentrations
after oral administration of 250 mg levodopa with or w/o antibi-
otic treatment directed against Helicobacter pylori in Parkinsons’s
disease patients (after reference [30]).

bioavailability during the elimination phase of the
plasma concentration-time graph (Fig. 1) [30].

Later, Lee and co-workers (2008) [12] reported
an observational study of 30 uninfected versus 35
HP-infected patients. The levodopa ‘onset’ time was
found to be longer and ‘on’-time duration shorter in
HP-infected patients than in HP-noninfected patients
(78.4 ± 28.2 vs. 56.7 ± 25.1 and 210.0 ± 75.7 vs.
257.7 ± 68.9 min). Upon HP eradication the delayed
levodopa ‘onset’ time and short ‘on’-time duration
was significantly improved to values similar to those
in noninfected PD patients. In another short-term
study over three weeks, the mean levodopa equiva-
lent daily dose (824 mg vs. 707 mg) was significantly
higher among HP-positive patients than in controls.
Control subjects also had a significantly longer ‘on’-
duration and daily ‘on’-time, and better ‘on’ UPDRS-
III scores. The HP-positives had significantly longer
time to turn ‘on’ after levodopa intake. At the 3-week
follow-up, HP eradication had significantly improved
the mean ‘on’ UPDRS-III score, as well as onset time,
‘on’-duration, and daily ‘on’-time [15].

In a comparison of 20 HP-infected with 20 age- and
gender-matched non-infected PD patients, there were
no differences in disease severity or daily levodopa
dosage, although HP-infected patients had about 10%
higher levodopa-equivalent dosage [31]. The HP-
infected group had less motor complications, such as
‘wearing-off’ and dyskinesias. It was speculated that
HP infection could be beneficial in terms of motor
complications by keeping levodopa concentrations
low and possibly less fluctuating than in noninfected
patients. By eradicating HP, the increased levodopa
bioavailability would then mimic an increased lev-
odopa dosage or addition of a COMT inhibitor,

factors that are associated with ‘wearing-off’ and
dyskinesias.

LONG-TERM STUDIES OF
HELICOBACTER ERADICATION ON
LEVODOPA TREATMENT

As the increased bioavailability of levodopa might
have been due to a short-term stimulating effect of
clarithromycin on gastric emptying, data were further
substantiated by long-term observations over a pro-
longed period of three months where HP-eradicated
patients showed a significant increase of levodopa
absorption, associated with a significant improve-
ment of clinical disability and prolonged ‘on-time’
duration, whereas the gastritis/duodenitis scores sig-
nificantly decreased in line with improved levodopa
pharmacokinetics [11]. Again, data has been inter-
preted as a reversible HP-induced interference with
the levodopa clinical response related to impaired
drug absorption, probably due to an active gastroduo-
denitis which should hamper the LATs to operate in
a functional manner for the absorption of levodopa.
Similarly, a parallel study with HP eradication and
de-blinding of data at one year found a markedly
improved stride-length in patients on active treatment
versus placebo was found [32].

In a 12-week study of 82 patients, 27 of which
were HP-positive, showed significantly poorer total
UPDRS and 39 item Parkinson’s disease question-
naire (PDQ-39) scores as compared to the HP-neg-
ative ones. After HP eradication, the mean levodopa
onset time was improved, being shortened by 14 min-
utes with mean motor ‘on’-duration time increased
by 56 minutes at week 6 and by 38 minutes at week
12. Total UPDRS scores were drastically improved,
with separate scores for parts II, III and IV all being
significantly better. Total PDQ-39 scores and subdo-
mains mobility, activities of daily living, emotional
well-being and stigma were also improved. Hence,
HP eradication rectifies levodopa onset time, ‘on’-
duration, motor control severity and quality of life
parameters [33].

Recently, Liu and co-workers [34] reported a 1-
year follow-up study of 48 patients among which the
motor examination scores according to the UPDRS-
III were significantly reduced both when comparing
to baseline within the observation group and to a
comparative HP-infected group. The main improve-
ments within the observation group were finger taps,
rapid alternating movements of hands and leg agility,
whereas differences to the HP-infected group showed
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significant improvement in rapid alternating move-
ments of the hands, leg agility and total motor
examination according to UPDRS-III. Even if the
subgroups in this study were small, the final con-
clusion of the study confirmed that eradication of HP
primarily improves bradykinesia as typically repre-
sented by the subscores of the UPDRS-III.

CRITICISMS

The concept of HP in PD has received critici-
sms as the cause-effect relationship between HP
and PD has been considered unclear and overall
poor. Further evidence is expected before clear con-
clusions can be drawn on this matter. Narożańska
et al. [35] detected HP positivity in 18 of 37 PD
patients, but found no significant difference between
HP-positive and HP-negative patients in terms of
scores on the UPDRS and Hoehn-Yahr scales. Lev-
odopa/benserazide 100/25 mg was given in the
fasted state and plasma samples were repeatedly col-
lected until 4 hours after dose intake. AUC was 8%
higher in the non-infected patients but the differ-
ence was not statistically significant. The authors
note that there were large inter-individual differences
in pharmacokinetics within both groups, which is
a common experience in PD [36]. Some patients
have worse pharmacokinetic excursions only in the
afternoon indicating an interaction between HP and
meals. Taken together, comparisons are difficult to
make, unless plasma samples are intra-individually
compared before and after eradication. In a letter,
Fiddian-Green [37] disputed the specificity of the HP
antibiotic treatment, with the understanding that any
one bacterial strain or species in the GI tract may be
involved in the treatment result. To our knowledge,
the only bacteria compellingly shown to be harbored
in the upper GI tract, and with the ability to affect
uptake of levodopa, is HP. The eradication treatment
against HP employed in the studies presented above,
and in common use since at least two decades back
with the combination of clarithromycin and amox-
icillin along with proton pump inhibition, has not
convincingly been shown to affect any other bacterial
pathogen in the upper gut.

MECHANISM OF
HELICOBACTER-INDUCED LEVODOPA
MALABSORPTION

In a speculative article by Lyte in 2010 [38] a
mechanism with direct utilization of levodopa by

Table 2
Colony-forming units of Helicobacter pylori incubated in a
microaerophilic environment in the presence or absence of lev-
odopa (5 × 10–4 moles/L) in a serum-based minimal medium (after

Lyte [38])

Condition 0 hours 36 hours

Non-supplemented 1.6 × 102 1.2 × 103

Levodopa-supplemented 1.6 × 102 2.7 × 109

HP to maintain its ecological niche within the GI tract
was suggested. The ability of levodopa to influence
the in vitro growth of HP in an iron-restricted min-
imal medium, as well as its utilization of levodopa
for its own growth requirement was presented. This
mechanism would then reduce the amount of orally
administered levodopa available for absorption in the
treatment of PD (Table 2).

The fact that levodopa can directly stimulate HP
growth strongly suggests that microbiota-based inter-
actions play a role in PD and specifically the
need to progressively increase drug dosage over the
course of the disease. More to the point, it demon-
strates that HP has some kind of receptor for lev-
odopa, perhaps metabolizing it, thus reducing bio-
availability and further suggests a positive feed-
back loop. As a theoretical background, the growth
of Helicobacter strains require som the specific
aminoacids such as arginine, histidine, isoleucine,
leucine, methionine, valine and phenylalanine. This
need for phenylalanine opens the possibility for a
bacterial consumption of levodopa in the stomach
[39]. Time- and concentration-dependent incubation
experiments show a significant decrease in levodopa
concentrations when in contact with HP. The lev-
odopa concentration has been estimated to 12–47%
of initial concentrations, dependening on the HP den-
sity. In addition, fluorescein isothiocyanate (FITC)
-labelled HP were shown to have markedly reduced
bacterial adhesion to gastric epithelial cells. These
results demonstrate a direct interaction of levodopa
with membrane proteins of HP responsible for the
adhesion to gastric epithelial cells, while the con-
centration of levodopa in a bacterial suspension was
strongly reduced [40]. Thus, the interaction between
levodopa and HP provides a mechanism for the pur-
ported benefit of HP-directed antibiotic therapy.

PREVIOUS OVERVIEWS

A Cochrane database systematic review [41] car-
ried out in 2011 failed to confirm any outcome of
HP eradication in PD (cf. Table 1). That review was,
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however, based on only two completed trials: Bjar-
nason et al. [32] and Pierantozzi et al. [11]. An
unfinished study by Bronstein and Fox from 2008 was
included, even though the study was terminated early
with no end results because of low prevalence of HP
in the study population (cf. Table 1). Only 13 patients
were included in that study, which did not permit
any conclusion to be drawn [42]. The authors of the
Cochrane review concluded that more clinical trials
are needed using standard measures of motor symp-
toms. It should also be important to look at the cost
of both screening and treatment of HP in PD patients
for further considerations. In 2016, Camci and Oguz
[43] presented an overview including 11 papers on
HP in PD patients. They concluded that HP can pre-
vent the absorption of certain drugs, one of which is
levodopa. Infection with this bacterium causes motor
fluctuations by impairing levodopa absorption. HP
eradication in PD patients by applying a short course
of antibiotics was found to increase the absorption
of levodopa and thereby decrease motor fluctuations.
Another overview of late by McGee et al [44] again
concluded that not only are people with PD 1.5–3 fold
more likely to be infected with HP than normal sub-
jects, but also that HP-infected PD patients display
worse motor functions compared with HP-negative
patients. These observations suggest that eradication
treatment can increase levodopa absorption.

WHAT IS NEW?

Not only HP, but also SIBO has been studied in
PD. A large study in 103 subjects using the lactulose
and glucose hydrogen breath tests found SIBO to be
present in 25–33% of PD patients, along with poor
motor control [45, 46], and in other studies up to 67%
[47, 48], but without association to GI symptoms [44].
Another study showed increased urinary excretion of
indoxyl sulfate (indican), indicating SIBO to be sig-
nificantly more common in PD than in controls [49].
Fasano and collaborators studied the impact of SIBO
as well as HP in patients with PD. SIBO was found in
55% and HP in 33% of the patients. The prevalence
of unpredictable motor fluctuations was markedly
higher in patients with both infections (87.5% vs.
8.3%). Patients with isolated SIBO had longer ‘off’
time daily and more episodes of delayed-‘on’ and no-
‘on’. Antibacterial treatment with rifaximin improved
motor fluctuations without affecting the levodopa
pharmacokinetics. HP positives were also found to
have more ‘off’ time, ‘wearing-off’ and ‘no’-on

time than HP negatives [50]. It has been argued
that SIBO may play a role in the development of
motor dysfunction by increasing intestinal perme-
ability and bacterial translocation, hence promoting
a pro-inflammatory environment with consequences
on levodopa absorption and enteric neuroinflamma-
tory alpha-synuclein aggregates [51]. The presence
of SIBO might be under-recognized in PD, yet to
have important clinical implications along the lines
of HP infection with malabsorption of levodopa.
Today, there is consensus on the diagnosis using a
glucose or lactulose breath test [52]. Based on the-
oretical grounds the most attractive treatment would
be rifaximin as a poorly absorbable antibiotic which
acts against Gram-positive and Gram-negative aero-
bic and anaerobic bacteria, given at a dose of 550 mg
B.I.D. for 14 days with a follow-up clinical control
within two weeks [53].

Current research [54] verifies that the human GI
microbiota can metabolize levodopa thereby reduc-
ing the bioavailability of the drug. The conversion
of levodopa to dopamine can take place via a pyri-
doxal phosphate-dependent tyrosine decarboxylase
elaborated by Enterococcus faecalis and is directly
followed by the transformation of dopamine to tyra-
mine by a molybdenum-dependent dehydroxylase
from another bacterium, the Eggerthella lenta. To this
end, a compound (S-�-fluoromethyltyrosine; AFMT)
was developed that inhibits this breakdown activity
in the parkinsonian microbiota, which should lead to
increased bioavailability of levodopa. Luminal levels
of levodopa in the GI tract are compromised by a high
abundance of gut bacterial tyrosine decarboxylase in
patients with Parkinson’s disease. A high abundance
of bacterial tyrosine decarboxylases at the site of lev-
odopa absorption, i.e. the proximal small intestine

Fig. 2. Suggested flow chart for the diagnosis, treatment (tx) and
follow-up of Helicobacter pylori (HP) infection in Parkinson’s
disease. F-HP, fecal Helicobacter pylori antigen analysis; UBT,
urea breath test.
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where SIBO prevails, may reduce the bioavailability
of levodopa [55]. The data highlights the possibility
of therapeutically targeting the gut microbial lev-
odopa decarboxylation in order to increase absorption
of the drug, increasing efficacy.

CONCLUSION

After reviewing the literature the medical commu-
nity remains in suspense. Data speaks in favor of
an interaction between levodopa treatment and the
presence of HP in the upper GI tract. By eradication
of HP, improved levodopa bioavailability and treat-
ment efficacy is achievable. Whether or not obligatory
screening and treatment of all patients with concur-
rent PD and HP should be pursued is a matter of
debate. In cases having poor symptomatic control and
considerable motor fluctuations, measures aimed at
HP diagnosis and eradication seem justified. A sug-
gested flowchart for the work-up and treatment of HP
in PD is given in Fig. 2.
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