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Abstract

Background: Previous studies have demonstrated a higher prevalence of Helicobacter pylori (H. pylori) infection in patients
with Parkinson’s disease (PD) compared to controls. H. pylori infection affects levodopa absorption and its eradication
significantly improves clinical response to levodopa. Here, we studied the prevalence of H. pylori infection and its
eradication effects among our PD patients.

Methods: A prospective study involving idiopathic PD patients on levodopa therapy. '*C-urea breath test (UBT) was used to
detect H. pylori. UBT-positive patients were given standard eradication therapy and followed up at 6 and 12 weeks in an
open label single arm design. Repeat UBT was performed at 12 weeks. The UPDRS, PD NMQ, PD NMSS and PDQ-39 were
administered at baseline and post-eradication (6 and 12 weeks). Levodopa ‘onset’ time and ON-duration were recorded.

Results: Of 82 patients recruited, 27 (32.9%) had positive UBT. H. pylori-positive patients had significantly poorer total
UPDRS (p =0.005) and PDQ39 (p<<0.0001) scores compared to H. pylori-negative patients. At 12 weeks post-eradication, the
mean levodopa onset time shortened by 14 minutes (p=0.011). The mean ON duration time increased by 56 minutes at
week 6 (p =0.041) and 38 minutes at week 12 (p = 0.035). The total UPDRS scores (p<<0.0001), scores for parts Il (p =0.001), Il
(p<<0.0001) and IV (p=0.009) were significantly better. The total PDQ-39 scores (p=0.001) and subdomains mobility
(p=0.002), ADL (p=0.001), emotional well being (p =0.026) and stigma (p = 0.034) significantly improved. The PD NMSQ did
not show significant improvement.

Conclusions: H. pylori eradication improved levodopa onset time, ON duration, motor severity and quality of life
parameters. Screening and eradication of H. pylori is inexpensive and should be recommended in PD patients, particularly
those with erratic response to levodopa.
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Introduction

An association between H. pylori and Parkinson’s disease (PD) is
increasingly recognized. One of the earliest studies conducted in
the pre- H. pylori era established that duodenal and gastric ulcers
were more common in PD patients, and predated the diagnosis of
PD by approximately 20 years [1].

The possible role of H. pylori in the pathogenesis of PD has also
been explored [2,3,4,5]. Immunologically, eradication of H. pylori
was associated with a reduction in circulating inflammatory
markers such as IL-6 and TNF-alpha [6]. This implies that
chronic H. pylori infection may trigger inflammatory and
autoantibody/molecular mimicry mechanisms, which could con-
sequently lead to the destruction of dopaminergic neurons.
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Interestingly, H. pylori has also been shown to have a role in
the bio-synthetic route of 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP), which is known to be neurotoxic to dopami-
nergic neurons [2].

More recent clinical studies confirmed that H. pylor: infection is
indeed more prevalent in PD patients compared to controls
[7,8,9,10]. One study showed that the presence of antibodies to H.
pylori was associated with poorer stride length, which improved
following its eradication [3]. As duodenum is the primary site for
levodopa absorption, it is postulated that H. pylori infection affects
levodopa bioavailability by disrupting the duodenal mucosa [11],
and producing reactive oxygen species [12,13], which could
inactivate the drug [14].
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Despite the established link between H pylori infection and PD,
detection and eradication of H. pylori has not been advocated in
the management of PD patients. Guided by our previous findings
of a higher prevalence of H. pylori infection (48%) among our PD
patients compared to controls (21.7%) [10], we conducted this
study to determine whether H. pylori eradication improved
patients symptoms (motor, non-motor and quality of life), and
the clinical effectiveness of levodopa.

Methods
Study Design

This was a single center prospective study involving consecutive
PD patients attending the neurology outpatients tertiary referral
clinic in UKM Medical Center, Kuala Lumpur from 1*
September 2012 to 28th February 2013. Patients received
intervention in a single arm, open-label design. The protocol for
this study and CONSORT checklist are available as supporting
documents; see Protocol S1 and Checklist S1). The clinical trial
registration number is NCT02112812

Ethics Statement

This study complied with the Declaration of Helsinki, and was
conducted in UKM Medical Center, upon receiving approval
from the UKM Medical Center Research and Ethics Committee
(FF-045-2012). In addition to the information sheet, all patients
were verbally explained regarding the study prior to signing the
consent form. Written informed consent was obtained from all
subjects prior to enrolment, once the investigator made sure that
all patients understood the details of the study. Although at the
beginning of the study, allowances were made for the next of kin
or legal representative to sign the consent form in case patients had
mental incapacity, none of the patients enrolled had problems
(mentally or physically) which interfered with their ability to give
written informed consent.

This study has been retrospectively registered in the Clinical-
Trials.gov database. Reason for not registering prior to enrolment
of patients was due to the fact that it was not a mandatory
requirement to have this study registered, by our approving
Research and Ethics Committee board. The authors confirm that
all ongoing and related trials for this intervention are registered.

Participants

Participants were PD patients aged 18 years and above, with
Hoehn &Yahr Stages I-IV and on levodopa therapy for at least 1
month. Diagnosis of PD was made by a movement disorder
neurologist (NMI). Exclusion criteria were, a diagnosis of
secondary parkinsonism or Parkinson’s plus syndrome, a history
of recent proton pump inhibitors (PPIs) or histamine (Hy)
antagonist use for at least 4 weeks prior to the Urea Breath Test
(UBT), a history of recent antibiotics use (less than 6 months), and
inability to perform the Urea Breath Test (UBT).

Clinical measurements

Baseline data such as demography, clinical profile and
medication details were recorded into a structured data informa-
tion sheet via a face-to-face interview. The clinical response to
levodopa was recorded by obtaining the levodopa onset time and
the ON-duration time in minutes.

Levodopa onset time was defined as the shortest time taken
to achieve ON state (improvement In motor or non-motor
symptoms) following oral levodopa therapy. Levodopa ON-
duration time was defined as duration the patient remained in
the ON state following oral levodopa therapy in minutes. Patients

PLOS ONE | www.plosone.org

H. pylori Eradication Benefits Patients with Parkinson’s Disease

were educated on the above definitions and were asked to record
these parameters in a diary at hourly intervals. Patients who did
not produce diaries (n=19) at assessment were asked for an
average measure of the above times in the last 72 hours prior to
assessment. For those who kept a diary (n=2), the average time
was calculated by the investigator (HH). Motor severity was
assessed using UPDRS and Hoehn and Yahr staging, while the
patient was ON. Quality of life was measured using the PD(Q-39.
The non-motor symptoms were screened using the PD NMS
Questionnaire (PD NMSQ) and PD NMSS was used to measure
the severity of NMS. All assessments were performed by a single
examiner (HH) to reduce inter-observer variability.

Urea Breath Test (UBT)

Diagnosis of H. pylori was established with the UBT [15] which
used the Non-Dispersive Isotope-Selective InfraRed Spectrometer
(NDRIS)[IRIS]. This quantified the ratio of "*CO, with our
normal breath '2COy in order to measure the current H. pylori
infection [15].Each patient was given 75 mg of IRIS '*C urea
mixed in Tang Orange juice. Breath samples were taken at 0
minutes, 10 minutes, 20 minutes and 30 minutes. At each breath,
subjects were asked to inhale deeply and hold for 5 seconds and
then blow slowly into a bag until it is fully inflated. The breath
samples were interpreted using the IRIS Software 2.3 for analysis
of Delta (3) over baseline (DOB) which provided a quantitative
indicator of H. pylori load, by correlating with the total urease
activity in the stomach [16,17].

DOB value of>4.0 was considered positive, while DOB of <2.5
was considered negative for H. pylori. If the value ranged between
2.5 and 4.0, the patient was considered as positive, if they had
been on antibiotics, PPI or Hy antagonists at four to six weeks
prior to testing. Otherwise, the patient was considered as negative.

Intervention — Helicobacter pylori Eradication therapy

Patients with positive UBT were given the recommended [18]
eradication therapy in a single arm, open label design protocol by
a single investigator (HH). Eradication therapy consisted of oral
esomeprazole 40 mg daily, oral clarithromycin 500 mg twice daily
and oral amoxicillin 1000 mg twice daily for 1 week. Compliance
was ensured with a follow-up telephone call (HH).

Clinical assessments which included disease severity, levodopa
onset time, levodopa ON duration time, UPDRS, PDQ 39, PD
NMSQ and PD NMS scores were obtained at baseline (Visit 1)
and post eradication at 6 weeks(Visit 2) and 12 weeks (Visit 3). All
the above measurements were taken during the ON state,
following levodopa. A repeat UBT was performed at 3 months
following eradication therapy to confirm successful eradication.

Sample Size and Statistical Analysis

The sample size was calculated based on the following formula:

2(sd)’ (14— 1)p? Pp’

n= diffz( r _1+(Pfl)p) f)
d2

=267 2 ()

o diff?

Note: P= No. of measure before test

r= No. of measure with test

p = Correlation between pairs of measurement before and after
eradication therapy of H. pylori
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The calculated number of patients needed in this study was 39
patients. Given the possibility of a 15% drop out rate, a total of 50
patients were recruited. The power of the study was set at 95%
with a level of significance of 5%. We screened a total of 120
Parkinson’s disease patients using the UBT in order to give us 50
patients with positive UBT.

All data were analyzed using SPSS 20.0 for Windows statistical
software package and performed by a statistician. Numerical data
were expressed as mean * standard deviation (SD). Means
between H. pylori positive and negative were compared using the
independent ¢-fest. Chi-square test was used to compare categor-
ical variables. Repeated measures ANOVA were used to compare
means between three visits. Paired t-tests were used to compare
between paired visits; visits (1 & 2), visits (1& 3) and visits (2&3).A p
value of <0.05 was taken as being statistically significant.

Results

Ninety-two consecutive PD patients were eligible for the study,
but only 82 patients were recruited and underwent the initial
UBT. Of these, 27 patients (32.9%) were diagnosed to have H.
pylori infection. However, 6 UBT-positive patients had to be
excluded from the study for various reasons; 5 patients had
difficulty coming for follow up visits and 1 patient died from an
unrelated event (Figure 1).

Seventy-six patients successfully completed the study; 34 were
males (44.7%) and 42 were females (55.3%). The patients
comprised of 25 Malay (32.9%), 47 Chinese (61.8%) and 4 Indian
(5.3%). The mean age of PD patients in this study was 66.9%8.2
years. The mean duration of PD from diagnosis was 5.16+4.2
years, and mean onset age was 61.729.10 years.

Comparison between Helicobacter pylori positive and
negative patients

The demographic data and comparative analysis between H.
pylori- positive and H. pylori-negative patients are shown in
Table 1. The total UPDRS and subsection 1-4 scores were
significantly higher in the H. pylori-positive patients compared to
the H. pylori-negative patients (p =0.005). Similarly, the PDQ39
scores were higher by 40 points in the H. pylori-positive patients
compared to the H. pylori-negative patients at baseline (p<<0.0001)
(Table 1).

However, there were no significant differences in the Hoehn &
Yahr stages (p=0.852), total levodopa daily dose (p=0.605) and
total score of PD NMSS questionnaire between the two groups
(p =0.886). There were also no significant differences in the mean
age, age of onset, gender and PD duration between the H. pylori-
positive and H. pylori-negative groups.

Based on PD NMSQ), the most common NMS were autonomic
dysfunction followed by neuropsychiatric and gastrointestinal
symptoms. These NMS were present in more than 50% of our
study population. However, there were no differences in the
frequencies of any of the NMS or NMS severity between the H.
pylori-positive and H. pylori-negative groups.

Effects of H. pylori eradication on Levodopa action
Based on ANOVA, at 12 weeks following successful H. pylori
eradication, the levodopa onset time shortened by approximately
14 minutes compared to baseline (43.10%20.52 vs 29.52%8.65;
p=0.011)). Analyses with paired t-tests showed significant
improvements between visit 1&3 (43.10%£20.52 vs 29.52%8.64;
p=0.014) and visits 2&3 (36.90*14.35 vs 29.52+8.64; p=0.019),
but not between visits 1&2 (p =0.269) The mean levodopa ON-
duration time increased by about 56 minutes at week 6 (visit 2) and
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38 minutes at week 12 (visit 3) post eradication but these did not
reach statistical significance when analysed using ANOVA
(p=0.06). Further analyses using the paired ¢-fests showed that
there were significant improvement in the mean ON duration time
when we compared visits 1&2 (234.29%75.07 vs 290.00%=142.09;
p=0.041) and visits 1&3 (234.29%75.07 vs 272.86%100.36;
p=0.035, but not between visits 2&3 (p =0.467) (Table 2).

Effects of H. pylori eradication on Motor Severity, Non-
Motor Symptoms and Severity and Quality of Life

Following eradication, the total UPDRS scores improved
significantly by approximately 13 points at week 6 (72.05%0.99)
and 20 points (66.71%27.04) by week 12 compared to baseline
(85.05%£25.48; p<<0.0001). Except for Part 1, all components of
the UPDRS improved significantly at week 12. The UPDRS-Part
II improved by approximately 3 points compared to baseline
(21.67£9.46 vs 18.43%8.10; p=0.009). The UPDRS-Part III
scores improved by approximately 13 points at week 12
(50.62%13.62 vs 37.0%15.56; p<<0.0001). The UPDRS-Part IV
scores improved significantly by 1.5 points (p =0.005) (Table 2).

Based on the PD NMQ), there were no significant differences in
the frequencies of any of the NMS particularly the gastrointestinal
symptoms before and after eradication of H. pylori infection.
However, based on the PD NMS there was a trend for
improvement in the gastrointestinal symptom severity post
eradication, but not reaching statistical significance.

The total PDQ-39 scores also improved significantly by
approximately 19 points following eradication at 12 weeks
compared to baseline (79.52+28.21 vs 60.71%25.49; p=0.001).
The domains of PDQ-39 which improved significantly were
mobility (27.38%9.70 vs 21.1+10.33; p=0.002), ADL
(15.10+4.93 vs 11.05%5.76; p<<0.001), emotional well being
(9.67%6.39 vs 7.76%5.59; p=0.026) and stigma ((6.14+4.64 vs
4.00x3.45; p=0.034) (Table 2).

Follow-up UBT

A follow-up UBT was conducted in all the 21 patients at 12
weeks post eradication. All patients were negative for H. pylori
infection.

Discussion

We found that as high as 32.9% of our PD patients tested
positive for H. pylor: infection. This is consistent with findings
from a previous case-control study conducted in our center
mvolving a different cohort of PD patients, which yielded a
prevalence of 48% [10]. On the other hand, studies in patients
with other neurological conditions such as epilepsy failed to
consistently demonstrate an association with H. pylori infection
[19,20,21]. Despite extensive research in this area, it remains
unclear why PD patients have higher propensity to develop this
infection.

In addition to the high prevalence, this study showed that H.
pylori infection affected patients’ motor performances adversely,
most likely by interfering with levodopa action. We showed that
even at baseline, the H. pylori-positive patients had much poorer
motor scores based on the total UPDRS and subsections I-IV,
compared to H. pylori-negative patients, despite being matched
for duration and stage. From as early as 6 weeks of eradication
therapy, there was a significant overall improvement in the motor
severity scores by approximately 15%, which was sustained and in
fact improved further over the subsequent 6 weeks by 25%.
Paralleling the clinical motor improvement, patients also reported
significant improvement in their quality of life, for most of the
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Enrolment

Assessed for eligibility (n=92)

Excluded (n=10)

¢ Did not turn up for test (N=10)

Urea Breath Test (n=82)

Positive Urea Breath Test (n=27)

Excluded (n=5)

+ Not willing to adhere to follow-up
(n=5)

Baseline assessment

Allocation

H.pylori Eradication Therapy

Follow-up ‘

Follow-up at week 4, week 8 and week 12

Analysis ‘

Analysed (n=21)
+ Excluded from analysis (died due to unrelated
causes) (n=1)

Figure 1. Study Flow Chart.
doi:10.1371/journal.pone.0112330.g001

domains tested, particularly ADL which improved by 22%. These
quality of life improvements were also observed from as early as 6
weeks. As this study did not have a placebo arm, we were unable
to determine to what extent the observed improvement could have
been contributed by a placebo effect or the expectation of reward,
mediated by striatal dopamine release [22]. Nevertheless, a
previous randomized placebo-controlled double-blind study in-
volving a small number of PD patients showed that H. pylori
eradication improved clinical symptoms and plasma levodopa
levels, compared to the placebo group which received only
antioxidants. The authors concluded that this improvement was
due better levodopa absorption post eradication [23].

In correlating the motor and ADL improvements to levodopa
action, we found that eradication of H.pylori significantly
improved both the levodopa onset time by approximately 14
minutes at week 12 post eradication, and the duration of ON by
approximately 56 minutes at 6 weeks, and 38 minutes at 12 weeks
post eradication. Hence, as suggested previously, the clinical
improvement following H. pylori eradication was most probably
due to better levodopa absorption in the gut [8,9], which
translated to an improvement in clinical fluctuations. This notion
is supported by a previous study on PD patients which utilized
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pharmacokinetic sampling in addition to their eradication regime
[9]. In that study, eradication of H. pylori led to an improvement
in intestinal levodopa absorption, measured by the peak plasma
levodopa levels, and improvement in motor performance. More
recently, a study on the pharmacokinetics (PK) of levodopa in PD
patients with motor fluctuations showed that even at baseline,
there were differences in the PK parameters of levodopa and 3-
OMD depending on the presence of H. pylori infection. They
showed that the t,,,, and C,,,, were lower in HP negative patients
while the AUC, was larger in the HP positive groups. They
concluded that these differences may potentially have important
clinical implications to the patient [24]. Their findings may thus
help explain the significant differences in the baseline UPDRS and
PDQ39 scores between our H. pylori- positive and negative
patients.

There are many mechanisms by which H. pylori infection may
affect levodopa absorption. It is suggested that H. pylori-related
gastritis may interfere with gastric acid secretion [25] by releasing
pro inflammatory cytokine interleukin-1f [26,27,28]. As levodopa
solubility is pH-sensitive, alterations in gastric acidity may affect
levodopa absorption. With eradication, there is normalization of
gastric acid secretion [29], leading to better levodopa absorption
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and potentially improved clinical response [26,29] In support,
studies have demonstrated that H. pylori eradication augments the
plasma levodopa concentration by up to 51% in PD patients [8,9].
In addition, H. pylori may also disrupt gastric myoelectric function
[30] leading to problems with gastric motility and alterations in
gastric emptying [31], further affecting levodopa absorption
adversely. Studies have also suggested that H. pylori may in fact
utilize levodopa for growth. H. pylori was shown to grow faster in
levodopa- and noradrenalin-rich culture medium, than in a
medium which closely mimicked the normal gastric environment
[32]. All these factors may act synergistically to impair intestinal
levodopa absorption in vivo. Consequently, these H. pylori-
positive PD patients are less likely to achieve therapeutic levodopa
levels, and are more prone to fluctuations associated with erratic
absorption.

While our findings on motor improvement post H. pylori
eradication are not new, and in fact concur with previous findings
[7,8,9,33] it 1s worth noting that our study was able to correlate
motor improvement to significant improvement in quality of life.
The total PDQ39 scores improved by 19 points (24%) at the end
of the study, suggesting that eradication of H.pylori led to better
quality of life in our patients. Established factors which contribute
towards poor quality of life PD include depression [34], disease
severity, presence of clinical fluctuations (UPDRS IV) [35,36] and
cognitive impairment [34]. We postulate that the meaningful
improvement in the quality of life among our patients was due to
better levodopa absorption, as demonstrated by the shortening of
the onset time and prolongation of the ON duration time; the net
effect being less severe clinical fluctuations.

While the issue of H. pylori infection in PD has been studied
extensively with positive results post eradication, it appears that
the lack of clinical trials involving a large number of patients,
somewhat downplays its significance in clinical practice. To date,
H. pylori testing and eradication has not been advocated for PD
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Table 1. Demographic and clinical status of H. pylori-positive and H. pylori-negative patients.

H. pylori Positive (n=21) H. pylori Negative (n=55) p-value
Age (years) 65.1+9.98 67.5+7.34 0.248°
Onset Age (years) 59.62+10.61 62.49+8.42 0.221°
Duration (years) 5 (2.5-8.5) 4 (2-8) 0.427°
Male (n,%) 10 (47.6) 24 (43.6)
Female (n,%) 11 (52.4) 31 (56.4)
Hoehn &Yahr (n,%) 0.376°
Stage 1 0 (0%) 1 (1.8%)
Stage 2 7 (33.3%) 20 (36.4%)
Stage 2.5 3 (14.3%) 13 (23.6%)
Stage 3 7 (33.3%) 13 (23.6%)
Stage 4 2 (9.5%) 5 (9.1%)
Stage 5 2 (9.5%) 3 (5.5%)
Total daily levodopa dose (mg/day) 500 (350-600) 400 (250-600) 0.359 ¢
Time to achieve ‘ON’ State (min) 43.1+20.5 40.6+15.9 0.582°
Duration of the ‘ON’ State (min) 234.3+75.1 287.3+127.8 0.079°
UPDRS Total Score 85.05+25.48 63.98+29.17 0.005°
PDQ-39 Total Score 80 (58-102) 41 (29-75) <0.0001°
PDNMS Total Score 55 (40-90.5) 56 (36-84) 0.732°
‘Independent t-test,
PPearsons Chi-Square.
doi:10.1371/journal.pone.0112330.t001

patients despite at least three well-designed RCT which has shown
positive effects of eradication. We believe the findings of our study
complements previously established effects of H. pylori eradication
in PD patients. We have shown that H. pylori eradication not only
mmproved clinical effectiveness of levodopa and motor perfor-
mance, but also led to robust and meaningful improvement in the
quality of life of our patients.

We acknowledge that we are unable to account for placebo
effect of treatment, due to our single arm study design. This was
mainly due to ethical concerns on the implications of delaying the
necessary treatment to our patients who were H. pylori positive, if
we were to proceed with a randomized controlled trial.
Additionally, a blinded assessment would have removed any
potential bias in terms of motor scoring. We also acknowledge that
sampling of plasma levodopa would have enhanced our findings
particularly pertaining to the pharmacokinetics profile of levodopa
in relation to the onset time and ON-duration time. Also, since our
study was conducted over a short period of time, we were unable
to detect any recurrences of infection, as all of our patients
remained negative for H. pylori at 3 months post eradication.
Prospective clinical trials incorporating biomarkers of disease
progression and measurable plasma levodopa levels should be
conducted in the future to explore the long-term effects of H.
pylori eradication and the incidence of recurrences.

In conclusion, the findings of this study are of important
relevance in the management of patients with PD. We believe that
the detection and eradication of H. pylori infection should be
considered as part of disease management in PD patients,
particularly in those experiencing motor fluctuations early in the
disease course. It is an inexpensive and practical option for
optimizing levodopa therapy in patients experiencing motor
fluctuations; thus potentially reducing the need for newer and
more costly medications, especially in the less affluent populations.
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Sleep/Fatigue 9.24*7.11 9.38*7.42 10.38%+7.71 0.336
Mood/Cognition 11.90£8.50 11.95%8.39 12.95+8.04 0.245
Perceptual Problems/Hallucinations 3.29+4.36 2.90+4.00 3.00+3.90 0.275
Attention/Memory 9.05*7.78 8.71%7.61 8.90*7.90 0.552
Gastrointestinal Tract 9.81+5.56 9.71%5.26 8.67+ 445 0.138
Urinary 8.29+6.66 8.19%+6.53 8.10+6.43 0.329
Sexual Function 5.62*+3.89 5.62+3.89 5.86+3.94 0.171
Miscellaneous 6.67+3.92 6.24+4.13 6.29+4.19 0.501
All analyses were performed using ANOVA.
doi:10.1371/journal.pone.0112330.t002
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