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Background and purpose: Evidence increasingly suggests that Helicobacter
pylori infection (HPI) is associated with movement disorders such as
Parkinson's disease (PD). However, the relationship between HPI and
sleep-related movement disorders (SRMD) remains unknown. This nationwide
population-based study tried to demonstrate whether patients with HPI have
a higher risk of developing SRMD in a general adult population.

Methods: The study cohort enrolled 9,393 patients who were initially
diagnosed with HPI between 2000 and 2013. Notably, 37,572 age- and
sex-matched controls without prior HPI were selected as the reference.
A Cox proportional hazard regression analysis was performed for
multivariate adjustment.

Results: Patients with HPI had a higher risk of developing SRMD (adjusted
hazard ratio [HR] = 2.18, 95% confidence interval [Cl] = 1.26-3.82, p < 0.01).
Patients with HPI aged >65 years exhibited the highest risk (HR = 3.01, 95%
Cl=1.90-5.30, p < 0.001), followed by patients aged 45-64 years (HR = 1.69,
95% Cl = 1.26-2.90, p<0.01) and <45 years (HR = 1.49, 95% Cl = 1.12-2.49,
p < 0.01). Patients were most likely to develop SRMD 5 years or more after
diagnosis of HPI (HR = 3.33, 95% Cl = 1.97-5.89, p < 0.001). The increased
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risk of SRMD in male patients with HPI (HR = 2.73, 95% C| = 1.53-4.79,
p < 0.001) was greater than in female patients (HR = 1.14, 95% Cl = 1.04-1.65,

p < 0.05).

Conclusion: Patients with HPI were associated with anincreased risk for SRMD,
with a higher risk in men, aged >65 years, and diagnosed for more than 5 years.

sleep-related movement disorders, restless legs syndrome, periodic limb movement
disorder, Helicobacter pylori, movement disorder

Introduction

The dopaminergic system is involved in sleep-related
movement disorders (SRMD) (1). Marked improvement was
seen with dopamine agonists in patients with restless legs
syndrome (RLS), who present an urge to move legs that
worsens at night (2, 3). RLS-like symptoms produced with
drugs that block the dopaminergic system also implicate the
role of dopamine in RLS (4). The other most common
SRMD is periodic limb movement disorder (PLMD), defined
as leg movements seen by polysomnography and last 0.5-10's
occurring every 5-90s (5). In patients with RLS or PLMD,
a decreased number of striatal D2-receptors demonstrated
by SPECT imaging, in addition to pharmacological evidence,
suggests dopaminergic dysfunction (6).

Evidence increasingly suggests that Helicobacter pylori
infection (HPI) is associated with Parkinson’s disease (PD).
Chronic HPI may predispose people to idiopathic PD, and
a higher prevalence of HPI has been reported in patients
with PD (7, 8). HPI affects levodopa absorption, and its
eradication was approved to improve clinical response to
levodopa (9). Screening and eradication of HPI have been
recommended, particularly for PD patients with erratic response
to levodopa (10). HPI may alter levodopa absorption, reducing
the effectiveness of the medication for PD, which may also
affect the response to dopaminergic agents for patients with
SRMD. Additionally, inflammatory factors such as IL-6 and
TNF-alpha, induced by chronic infection such as HPI, can lead
to the destruction of dopaminergic neurons (11, 12). Therefore,
it has been proposed that gut microflora, including Helicobacter
pylori may produce metabolites, trigger neuroinflammation, and
affect the dopaminergic system by crossing the gut-brain axis
(13, 14). Notably, in a mouse model of HPI, women with HPI-
associated chronic gastritis had lower activity and forelimb lift
counts, as well as prolonged sleep latency and shortened sleep
duration (15).

The prevalence of HPI in Taiwan was 53.9%, and it remains
high in most developing countries (16). A recent prospective
study suggested that HPI was related to the occurrence of
RLS (17), but patients with other SRMD were not included.
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A large-scale longitudinal study is essential for providing
epidemiological evidence of the relationship between HPI and
SRMD before effective management, such as HPI eradication,
is recommended. This is the first study investigating the
association between HPI with both RLS and PLMD. It aims
to ascertain whether patients with HPI have an elevated risk
of developing SRMD during more than 5 years of follow-up,
using data from the Taiwan National Health Insurance Research
Database (NHIRD).

Materials and methods

Data source

The study was conducted using the data deduced from the
Longitudinal Health Insurance Database (LHID), which is a
sub-database of the Taiwan National Health Insurance (NHI)
program covering over 99% of 23 million citizens. The LHID
contains records on inpatients, outpatients, and ambulatory
care services from 2000 to 2013. The diagnostic coding system
was the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM). The data have been de-
identified before releasing for research.

Study sample

The study group and a comparison reference cohort were
selected from the LHID (Figure 1). The study group comprised
all patients who had been diagnosed with HPI based on ICD-
9-CM code 041.86 for the first time from 2000 to 2013 (N =
9,393). In Taiwan, HPI is diagnosed during endoscopy by the
rapid urease test or histologic analysis. HPI is usually treated
with triple eradication therapy (amoxicillin/metronidazole,
levofloxacin/clarithromycin, and a proton pump inhibitor) for
at least 2 weeks to help prevent the bacteria from developing
resistance to one particular antibiotic. Patients aged under 20
years and patients with a diagnosis of SRMD before or within
6 months after confirmation of HPI were excluded. The index
date of the HPI cohort was the first date of diagnosis of HPIL.
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Outpatient and inpatient of Longitudinal Health Insurance Database in 2000-2013 in Taiwan
26,769,418 events; 989,753 individuals
Inclusion criteria HPI
9,492 individuals
Exclusion criteria
1. HPI before index date
2. SRMD before and within six months after HPI
| 3. Age<20
4. Incomplete medical information
99 individuals
1. Without HPI in study period
2. The same exclusion criteria
3. 4-fold propensity score matching by gender, age.
comorbidities, and index date
v
With HPI (Study cohort) 5 l : Without HPI (Reference cohort)
9,393 individuals 37,572 individuals
Tracking endpoint (Dec. 31%, 2013 ) il
[ 21 individuals with SRMD J [ 33 individuals with SRMD J
FIGURE 1
The flowchart of study sample selection from The National Health Insurance Research Database in Taiwan.

We randomly selected 37,572 subjects (a sample size 4-fold that
of the HPI group), and the index date of these age- and sex-
matched comparison cohorts was randomly assigned a month
and a day in the same year as the matched cases. Each patient
was followed up from the index date until the diagnosis date of
SRMD. For those who did not have SRMD, the last day of follow-
up was defined as the date of insurance withdrawal or the last day
of the study period (31 December 2013).

Definitions of SRMD by ICD classification

The diagnosis of SRMD was based on ICD-9-CM codes
327.5 (PLMD) and 333.9 (RLS). In Taiwan, the diagnosis of
SRMD was made by board-certified neurologists. The diagnosis
of RLS was made according to the consensus clinical features of
RLS as delineated by the International Restless Legs Syndrome
Study Group (IRLSSG) (18, 19). The diagnosis of PLMD was
made based on the diagnostic criteria in the International
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Classification of Sleep Disorders (5). The SRMD-associated
comorbidity was defined as the individual with a history of
the comorbidity before the index date, and it included diabetes
mellitus (DM, ICD-9-CM 250), iron deficiency anemia (IDA,
ICD-9-CM 280), depression (ICD-9-CM 296.2, 296.3, 300.4, and
311), anxiety (ICD-9-CM 300.00), sleep disorder (ICD-9-CM
307.4, 780.5), Parkinson’s disease (ICD-9-CM 332), and renal
disease (ICD-9-CM 580-589).

Statistical analysis

Continuous variables were presented as mean and standard
deviation (SD) and categorical variables as numbers and
percentages. Differences between study and comparison
cohorts in the distribution of demographic characteristics and
comorbidities were examined by t-test (for age) and chi-square
test (for sex and comorbidities). The incidence density of SRMD
was measured for HPI and comparison cohorts, and the total
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TABLE 1 Baseline demographic status and comorbidity compared
between HPI and comparison groups.

Variables HPI cohort Comparison P-value

N =9,393 (%) cohort

N =37,572 (%)

Age, years (SD)* 51.88 £15.78 51.63 + 16.44 0.999
<45 2,307 (24.56) 9,228 (24.56)
45-64 3,375 (35.93) 13,500 (35.93)
265 3,711 (39.51) 14,844 (39.51)
Sex 0.999
Male 5,201 (55.37) 20,804 (55.37)
Female 4,192 (44.63) 16,768 (44.63)
Comorbidity
DM 1,287 (13.70) 4,897 (13.03) 0.087
IDA 321 (3.42) 1,345 (3.58) 0.447
Depression 303 (3.23) 1,240 (3.30) 0.717
Anxiety 689 (7.34) 2,711 (7.22) 0.689
Sleep disorder 224 (2.38) 881 (2.34) 0.819
Parkinson’s disease 30 (0.32) 120(0.32) 0.999
Renal disease 396 (4.22) 1,511(4.02) 0.393

DM, diabetes mellitus; IDA, iron deficiency anemia; HPI, Helicobacter pylori infection.
*t-test.

SRMD events were divided by the total sum of follow-up years
(per 1,000 person-years). Cox proportional hazard regression
analysis was performed to calculate adjusted hazard ratios (HR),
with 95% confidence intervals (CI), for SRMD risk between
the two cohorts. To investigate the interaction of covariates
in relation to the association between HPI and SRMD, we
calculated adjusted HR stratified by age (< 45, 45-64, and
>65 years), sex, and follow-up time. We also measured and
compared the cumulative incidence curves between HPI and
comparison cohorts by the Kaplan-Meier method and tested
the curve differences by the log-rank test. All statistical analyses
were performed using the SPSS software version 22.0. A 2-tailed
P-value of less than 0.05 was considered statistically significant.

Results

A total of 9,393 patients diagnosed with HPI and 37,572
age- and sex-matched controls for reference were included in
this cohort study. The demographic characteristics of both
groups are presented in Table 1. There were no significant
differences in the distribution of age, sex, and comorbidities
between the study group with HPI and the comparison cohort.
The mean age of both cases and their controls was about 51 years
on the index date, and most participants in the two cohorts were
men (55.37%).

Our data showed that over a 10-year follow-up on average,
21 patients with HPI developed SRMD with an overall rate of
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0.43 cases per 1,000 person-years, of which 4 were RLS and 17
were PLMD. In the comparison cohort, 33 patients without HPI
developed SRMD with an overall rate of 0.18 cases per 1,000
person-years, and 2 and 31 were RLS and PLMD, respectively.
The results revealed that patients with HPI had a 2.18 times
(95% CI = 1.26-3.82, p < 0.01) higher risk of developing SRMD
compared to individuals without HPI (Table 2). To explore
whether HPI is an age-dependent risk factor for SRMD, patients
were divided into 3 groups, namely, <45, 45-64, and >65 years.
The results showed that in comparison with age/sex matched
controls, HPI patients aged >65 years exhibited the highest
risk of developing SRMD (HR = 3.01, 95% CI = 1.90-5.30,
p < 0.001), followed by patients aged 45-64 years (HR = 1.69,
95% CI = 1.26-2.90, p < 0.01), and <45 years (HR = 1.49, 95%
CI = 1.12-2.49, p < 0.01). We also examined if HPI is a sex-
dependent risk factor for SRMD. The Cox regression analysis
revealed that the increased risk of SRMD in male patients with
HPI (HR = 2.73, 95% CI = 1.53-4.79, p < 0.001) was greater
than in female patients (HR = 1.14, 95% CI = 1.04-1.65, p
< 0.05).

We further analyzed the incidence of SRMD and SRMD
subtypes using multivariate Cox proportional hazards regression
analysis based on time intervals. Table 3 shows the impact of
follow-up time on the risk of developing SRMD. Patients were
most likely to develop SRMD after diagnosis of HPI for 5 years
(SRMD, HR = 3.33, 95% CI = 1.97-5.89, p < 0.001; RLS, HR
= 2.83, 95% CI = 1.68-4.93, p < 0.001; PLMD, HR = 3.39,
95% CI = 1.97-5.92, p < 0.001) (Table 3). Relatively, the risks
for patients with HPI of developing SRMD were both about
two times higher than controls in the groups with a follow-up
time within 3 and between 3 and 5 years (HR = 2.18, 95% CI
= 1.04-3.82, p < 0.05 and HR = 2.19, 95% CI = 1.27-3.83, p
< 0.001, respectively) (Table 3). Kaplan-Meier analysis showed
that, compared to the matched controls, patients with HPI had a
significantly higher incidence of SRMD (log-rank test p= 0.001,
Figure 2A), RLS (log-rank test p=0.006, Figure 2B), and PLMD
(log-rank test p = 0.012, Figure 2C).

Discussion

In this nationwide population-based study, we found that
patients with HPT had a significantly higher risk of developing
subsequent SRMD. Patients with HPI aged >65 years, compared
to the other age groups, were at the highest risk of developing
RLS and PLMD, the most common types of SRMD. The
increased risk of SRMD in male patients with HPI was greater
than in female patients. Furthermore, patients were most likely
to develop SRMD 5 years or more after diagnosis of HPI,
suggesting that chronic infection due to an intestinal bacterial
overgrowth is associated with the pathogenesis of SRMD.

The pathogenesis of RLS and other SRMD could be partially
attributed to an immune reaction to gastrointestinal bacteria,
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TABLE 2 Factors of SRMD subgroup stratified by age group or gender for Cox regression analysis.
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HPI cohort Comparison cohort Crude HR (95%CI)  Adjusted HR (95%CI)
Variables Events PYs Rate Events PYs Rate
All-cause SRMD 21 49,084.02 043 33 182,636.26 0.18 2.29 (1.47-3.97)* 2.18 (1.26-3.82)*
RLS 4 49,084.02 0.8 2 182,636.26 0.01 7.19 (4.61-12.49)*** 6.85 (3.99-45.12)***
PLMD 17 49,084.02 035 31 182,636.26 0.17 1.97 (1.26-3.43)** 1.88 (1.09-3.63)*
<45 years
All-cause SRMD 3 9,298.77 0.32 7 33,382.48 0.21 1.49 (1.05-2.58)** 1.49 (1.12-2.49)**
RLS 2 9,298.77 0.22 0 33,382.48 0.00 o 00
PLMD 1 9,298.77 0.11 7 33,382.48 0.21 1.10 (0.32-2.86) 1.02 (0.37-3.17)
45-64 years
All-cause SRMD 6 15,072.65  0.40 12 51,920.04 0.23 1.67 (1.25-2.86)** 1.69 (1.26-2.90)**
RLS 1 15,072.65  0.07 2 51,920.04 0.04 2.00 (1.30-4.66)** 2.10 (1.30-4.68)**
PLMD 5 15,072.65  0.33 10 51,920.04 0.19 1.52 (1.07-2.70)** 1.59 (1.15-2.79)*
265 years
All-cause SRMD 12 24,712.60  0.49 14 97,333.73 0.14 3.27 (2.09-5.67)* 3.01 (1.90-5.30)***
RLS 1 24,712.60  0.04 0 97,333.73 0.00 00 00
PLMD 11 24,712.60 045 14 97,333.73 0.14 2.99 (1.91-5.19)*** 2.85 (1.65-19.15)***
Male
All-cause SRMD 18 28,446.99  0.63 21 98,616.03 0.21 2.87 (1.84-4.99)%* 2.73 (1.53-4.79)***
RLS 4 28,446.99  0.14 2 98,616.03 0.02 6.70 (4.29-11.63)*** 6.38 (3.70-42.91)***
PLMD 14 28,446.99  0.49 19 98,616.03 0.19 2.47 (1.58-4.29)* 2.35 (1.36-4.18)***
Female
All-cause SRMD 3 20,637.03  0.15 12 84,020.22 0.14 0.99 (0.63-1.78) 1.14 (1.04-1.65)*
RLS 0 20,637.03 0.0 0 84,020.22 0.00 - -
PLMD 3 20,637.03  0.15 12 84,020.22 0.14 0.99 (0.63-1.78) 1.14 (1.04-1.65)*

Model adjusted for age, sex, DM, IDA, depression, anxiety, sleep disorder, Parkinson’s disease, and renal disease.

Adjusted HR, adjusted hazard ratio: adjusted for the variables listed in Table 1; CI, confidence interval; DM, diabetes mellitus; IDA, iron deficiency anemia; PLMD, periodic limb movement

disorder; Pys, person-years; rate, incidence rate, per 1,000 person-years; RLS, restless legs syndrome; SRMD, sleep-related movement disorders.

*P < 0.05.
**P < 0.01.
P < 0.001.

leading to an immunological attack on the nervous system (20).
Chronic neuroinflammation in the central nervous system may
therefore result in iron deficiency-induced RLS (21). It has been
reported that patients who lack ferritin light chain (FTL), an
abnormality in iron metabolism, experienced atypical restless
legs syndrome (22). HPI has been suggested to be involved
in the pathogenesis of sleep disorders such as obstructive
sleep apnea, due to inflammatory cytokines which result
in neuropsychological impairment (23-25). Herein, we first
provide evidence that HPI is associated with the development
of subsequent SRMD.

This study demonstrated that patients with HPI had a 2.18
times (95% CI = 1.26-3.82) higher risk of developing SRMD
compared to those without HPI. In comparison, a similarly high
risk of PD in the HPI group (HR = 2.29, 95% CI = 1.44-3.66)
was reported in a retrospective cohort study (26). We found
that people of different ages are differentially influenced by HPI
to develop subsequent SRMD, and patients with HPI aged >65

Frontiersin Neurology

years exhibited the highest risk of developing SRMD (HR = 3.01,
95% CI = 1.90-5.30). Similarly, HPI was previously found to
be significantly associated with an increased risk of PD among
individuals aged 60 years and older (HR = 2.53, 95% CI =
1.47-4.35), but not among those younger than 60 years (26).
Our age-stratified analysis suggests that the increased risk of
RLS is more significant than PLMD among all age groups. But
the numbers of RLS patients were too small to conduct further
statistical analysis. In addition, our results showed that patients
were most likely to develop SRMD, especially PLMD, after
diagnosis of HPI for 5 years or more. In fact, chronic HPI has
been demonstrated to induce the production of systemic pro-
inflammatory cytokines that may cross the blood-brain barrier
to cause a vicious cycle of uncontrolled neuroinflammation (27).

According to a recent meta-analysis, the odds ratio
of PD for those with HPI was 1.59 (95% CI = 1.37-
1.85), compared to individuals without HPI (8). In contrast,
an earlier review reported that the prevalence of HPI in
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TABLE 3 Factors of SRMD subgroup stratified by follow-up time for Cox regression analysis.

HPI cohort Comparison cohort
Variables Events PYs Rate  Events PYs Rate  Crude HR (95% CI)  Adjusted HR (95% CI)
Follow <3 years
SRMD 5 3,290.78 1.52 7 7,190.02 0.97 2.29 (1.07-3.98)* 2.18 (1.04-3.82)*
RLS 2 3,290.78 0.61 0 7,190.02 0.00 ) )
PLMD 3 3,290.78 091 7 7,190.02 0.97 1.38 (1.02-2.38)* 1.31 (1.01-2.29)*
Follow =3, <5 years
SRMD 3 5,042.06 0.59 4 10,524.72 0.38 2.30 (1.47-3.98)*** 2.19 (1.27-3.83)***
RLS 1 5,042.06 0.20 0 10,524.72 0.00 0o 00
PLMD 2 5,042.06 0.40 4 10,524.72 0.38 1.53 (1.10-2.66)** 1.46 (1.10-2.56)**
Follow =5 years
SRMD 13 40,751.18 0.32 22 164,921.51 0.13 3.51 (2.25-6.08)*** 3.33 (1.97-5.89)***
RLS 1 40,751.18 0.02 2 164,921.51 0.01 2.97 (1.90-5.15)* 2.83 (1.68-4.93)**
PLMD 12 40,751.18 0.29 20 164,921.51 0.12 3.56 (2.28-6.18)** 3.39 (1.97-5.92)

Model adjusted for age, sex, DM, IDA, depression, anxiety, sleep disorder, Parkinson’s disease, and renal disease.
Adjusted HR, adjusted hazard ratio: adjusted for the variables listed in Table 1; CI, confidence interval; DM, diabetes mellitus; IDA, iron deficiency anemia; PLMD, periodic limb movement
disorder; Pys, person-years; rate, incidence rate, per 1,000 person-years; RLS, restless legs syndrome; SRMD, sleep-related movement disorders.

*P < 0.05.
**P < 0.01.
*P < 0.001.

patients with PD in four studies ranged from 37% to
59%, which was similar to that of the general population
(28). Moreover, only limited evidence could be provided in
three randomized controlled trials (RCT) to support that
HPI eradication alleviated motor symptoms in patients with
PD (28). A wellconducted RCT with standard outcome
measures and treatment is also required to demonstrate
whether patients with HPI have a higher risk of developing
subsequent SRMD.

Both RLS and PLMD have been demonstrated to be
associated with an increased risk for stroke in our previous
study (29). Chronic HPI has also been shown to increase the
risk of acute ischemic stroke (OR = 2.57, 95% CI = 1.09-
6.08) in the Fukuoka Harasanshin Atherosclerosis Trial (30).
A future study will demonstrate whether patients with HPI
have an even higher risk of stroke when they develop SRMD
due to hypothetical neuroinflammation and dysfunction of the
dopaminergic system and show if HPI eradication for patients
with SRMD can reduce the risk of subsequent stroke.

In contrast with a prospective study of a smaller scale on
the relationship between HPI and occurrence of RLS (17), the
diagnosis of SRMD in this study was made based on standard
criteria in our nationwide health care system, with the correctly
collected time interval between diagnosis of HPI and subsequent
SRMD (2, 29). This partially accounts for a relatively low
prevalence of SRMD in our population, suggesting that the
disease state of SRMD may be more advanced and detectable
by polysomnography than those evaluated by primary screening
instruments in other studies.
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There are several limitations to this study. First, neither
different severities of SRMD nor health information such as
intensity of tobacco use, alcohol consumption, and diet that may
influence the risk of SRMD and HPI could be provided by the
database. Some potential risk factors for SRMD, such as genetic
background and family history of SRMD, were not available.
Second, HPI may or may not produce any clinical symptoms,
and most endoscopy and tissue biopsy for HPI are performed
when people report symptoms. Therefore, some patients may
be underdiagnosed and recruited into the matched controls.
Furthermore, we did not know if the patients were treated
completely or declared cured of HPI. In fact, the recurrence
of HPI is not rare, which can be caused by recrudescence and
reinfection (31). Finally, the data may also include unidentified
recurrent patients who had SRMD and HPI before 1996 when
NHI was enacted (32). Nevertheless, we only included patients
with new incidences of HPI and SRMD to increase the accuracy
of the diagnoses. The criteria in this study depended on ICD
codes, which may be different from other studies, and the NHI
administration has a cross-checking system to continuously
evaluate the precision of records (33).

Conclusion

Helicobacter pylori infection was demonstrated to be
associated with an increased risk of subsequent SRMD such
as RLS and PLMD in this study. Patients with HPI aged >65
years exhibited the greatest risk of developing SRMD. Patients
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FIGURE 2
(A) The cumulative incidence curves of sleep-related movement disorders (SRMD) for individuals with and without Helicobacter pylori infection
(HPI). (B) The cumulative incidence curves of restless legs syndrome (RLS) for individuals with and without HPI. (C) The cumulative incidence
curves of periodic limb movement disorder (PLMD) for individuals with and without HPI.

were most likely to develop SRMD after diagnosis of HPI
for 5 years or more. It suggests that chronic inflammation
after HPI is associated with the pathogenesis of SRMD,
especially in the vulnerable group in which patients are
older and potentially have an underlying neurodegenerative
disease. Further research is required to explore whether effective
practices, such as HPI eradication, can reduce the risk of
developing SRMD.
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