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Abstract: Background: In addition to the gastrointestinal symptoms, inflammatory bowel disease
(IBD), which includes Crohn’s disease (CD) and ulcerative colitis (UC), is associated with extraintesti-
nal manifestations, including neurological disorders, which are gaining increasing attention due to
a recently increased focus on the gut–brain axis. Here we aim to evaluate the association between
IBD and restless legs syndrome (RLS) as well as Parkinson’s disease (PD) in a cohort of primary
care patients in Germany. Methods: The study included 17,994 individuals with a diagnosis of IBD
(7544 with CD and 10,450 with UC) and 17,994 propensity-score-matched individuals without IBD
from the Disease Analyzer database (IQVIA). An initial diagnosis of RLS or PD was assessed as
a function of IBD. Associations between CD and UC with RLS and PD were analyzed using Cox
regression models. Results: During the 10-year observation period, 3.6% of CD patients vs. 1.9%
of matched non-IBD pairs (p < 0.001) and 3.2% of UC patients vs. 2.7% of matched pairs (p < 0.001)
were diagnosed with RLS. The results were confirmed by Cox regression analysis, which showed a
significant association between UC (HR: 1.26; 95% CI: 1.02–1.55) and CD (HR: 1.60; 95% CI: 1.23–2.09)
and subsequent RLS. The incidence of PD in IBD patients was not significantly increased. However,
we observed a non-significant trend towards a higher incidence of PD in male patients with CD
but not UC (HR: 1.55; 95%CI: 0.98–2.45, p = 0.064). Conclusions: The present analysis suggests a
significant association between IBD and the subsequent development of RLS. These findings should
stimulate further pathophysiological research and may eventually lead to specific screening measures
in patients with IBD.

Keywords: IBD; ulcerative colitis; UC; Crohn’s disease; CD; RLS

1. Introduction

Inflammatory bowel disease (IBD) is a chronic, immune-mediated systemic condition
commonly comprising Crohn’s disease (CD) and ulcerative colitis (UC). While symptoms
of the gastrointestinal tract are at its core, IBD is also associated with extraintestinal mani-
festations and an increased risk for several co-morbidities [1]. In recent years, there has
been growing concern about a heightened risk for the development of neurodegenerative
and neuropsychiatric disorders in patients with IBD. The pathogenesis of these conditions
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is far from understood, but several mechanisms have been proposed, including neuroin-
flammation, alterations to the gut–brain axis, gastrointestinal dysbiosis, increased intestinal
permeability, and nutrient deficiency and other metabolic changes [2,3].

Interestingly, some epidemiological studies have produced conflicting results. In the
case of neurological conditions characterized by dopaminergic dysfunction, such as Parkin-
son’s disease (PD) and restless legs syndrome (RLS), some studies have suggested a higher
prevalence of both PD [4–6] and RLS [7,8] in patients with IBD compared with the general
population. At the same time, conflicting results have recently been observed [9], and
the underlying pathophysiology between IBD and these neurological conditions remains
highly controversial [10]. Importantly, several studies have provided robust evidence that
both RLS and PD are associated with a significantly reduced quality of life [11–14], which
justifies more research for a better understanding and identification of the risk factors for
these conditions in order to provide prevention strategies and adequate therapy for affected
individuals.

In the present manuscript, we aimed to assess a possible association between IBD and
the subsequent occurrence of two distinct neurological conditions—PD and RLS—in a large
cohort of outpatients in Germany. By exploring this relationship, we hope to contribute to
a greater understanding of the complex interplay between the gut and the brain and the
possible pathophysiological relationship in the context of these conditions. Such data may
lead the way to improvements in the clinical management and therapy of these conditions,
providing a potential impact on patient health.

2. Materials and Methods
2.1. Database

This retrospective cohort study was based on electronic medical records (EMR) from
the Disease Analyzer (DA) database (IQVIA). The DA database, which has already been
used in several previous studies focusing on IBD or PD, contains anonymous EMR data on
diagnoses, prescriptions, as well as basic medical and demographic data from office-based
practices [15]. The database covers approximately 3–5% of all office-based practices in
Germany. The sampling method for the DA database uses statistics from the German
Medical Association to determine the panel design according to specialist group, German
federal state, community size category, and age of physician. It has previously been shown
that the panel of practices included in the Disease Analyzer database is representative of
general and specialized practices in Germany [15].

2.2. Study Population

The present study included patients aged ≥40 years with a diagnosis of IBD including
Crohn’s disease (ICD-10: K50) and ulcerative colitis (ICD-10: K51) from 1284 general
practices in Germany between January 2005 and December 2020 (index date; Figure 1).
The first documented diagnosis of IBD within this time period was considered the index date.
Further inclusion criteria were an observation time of at least 12 months prior to the index
date and a follow-up time of at least 6 months after the index date. On average, study patients
were followed up for 6.2 years (minimum 6 months, maximum 10 years). Patients with pre-
existing diagnoses of extrapyramidal and movement disorder (ICD-10: G20–G26) prior to or at
index date were excluded. After applying the same inclusion criteria, individuals without
IBD were matched to IBD patients using propensity score matching (1:1) based on age
(±2 years), sex, average yearly consultation frequency during the follow-up, diabetes
(ICD-10: E10–E14), head injury (ICD-10: S00–S09), and depression (ICD-10: F32, F33),
diagnoses documented within 12 months prior to the index date. For the non-IBD cohort,
the index date was defined as a randomly selected visit between January 2005 and December
2020 (Figure 1). Diabetes head injury, and depression were included as these diagnoses are
known to be associated with PD or RLS.
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2.3. Study Outcomes and Statistical Analyses

The outcomes of the study were an initial diagnosis of PD (ICD-10: G20) or RLS
(ICD-10: G25.8 + original diagnosis text) during the subsequent up to 10 years following
the index date as function of IBD. Differences in sample characteristics and diagnosis
prevalence between IBD and non-IBD cohorts were compared using the Wilcoxon signed-
rank test for continuous variables, the McNemar test for categorical variables with two
categories, and the Stuart–Maxwell test for categorical variables with more than two
categories. The 10-year cumulative incidence of PD and RLS in the cohort with and without
IBD was further assessed by means of Kaplan–Meier (KM) analysis, and the KM curves
were compared using the log-rank test. Finally, an univariable Cox regression analysis
was conducted to assess the association between IBD and PD, as well as between IBD and
RLS. Associations with CD and UC were analyzed separately. Additionally, Cox regression
analyses were conducted separately for men and women. Results of the Cox regression
model are displayed as hazard ratios (HR) and 95% confidence intervals (CI). A p-value of
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<0.05 was considered statistically significant. Analyses were carried out using SAS version
9.4 (SAS Institute, Cary, NC, USA).

3. Results
3.1. Basic Characteristics of the Study Sample

The present study included 17,994 individuals with a diagnosis of IBD (7544 with
CD and 10,450 with UC) as well as 17,994 matched individuals without IBD. The basic
characteristics of study patients are shown in Table 1. The mean patient age was 59.7
(standard deviation (SD): 12.8) years, and 55.5% of patients were women. On average,
patients visited their GPs 10.7 times per year during the follow-up. Due to the matched
pairs design, there were no significant differences between both cohorts in terms of age,
sex, visit frequency, and predefined co-diagnoses (Table 1).

Table 1. Baseline characteristics of the study sample (after propensity score matching).

Variable

Proportion among
Individuals with

IBD (%)
n = 17,994

Proportion among
Individuals without

IBD (%)
n = 17,994

p-Value

Age (Mean, SD) 59.7 (12.8) 59.7 (12.8) 0.759

Age 40–50 29.4 29.1

0.535

Age 51–60 27.0 27.1

Age 61–70 20.0 20.6

Age 71–80 16.6 16.2

Age > 80 7.0 7.0

Women 55.5 55.5
0.958

Men 44.5 44.5

Number of physician
visits per year during
the follow-up (Mean,

SD)

10.7 (9.0) 10.6 (9.0) 0.101

Diabetes 22.7 22.6 0.940

Depression 24.8 24.8 0.971

Head injury 4.6 4.6 0.980
Proportions of patients given in %, unless otherwise indicated. SD: standard deviation.

3.2. Association of IBD and A Subsequent Diagnosis of Restless Legs Syndrome

Within the 10-year observation period, 3.6% of CD patients vs. 1.9% of matched
non-IBD patients (p < 0.001), as well as 3.2% of UC patients vs. 2.7% of matched patients
(p < 0.001) were diagnosed with RLS (Figure 2). The incidence of RLS was higher in
patients with CD than in patients without IBD (3.5 cases per 1000 patient years in the CD
cohort and 2.2 cases per 1000 patient years in the matched non-IBD cohort). Similarly, a
higher proportion of patients with UC compared to those without UC developed RLS (the
incidence of RLS per 1000 patient years in the UC cohort was 3.5 cases and 2.7 cases in
the matched non-IBD cohort). There was a significant positive association between CD
and subsequent RLS (HR: 1.60; 95% CI: 1.23–2.09), which was confirmed for both women
(HR: 1.58; 95% CI: 1.14–2.20) and men (HR: 1.64; 95% CI: 1.04–2.61, Table 2). Likewise, a
significant positive association between UC and RLS was found for the total population
(HR: 1.26; 95% CI: 1.02–1.55), and confirmed in women (HR: 1.49; 95% CI: 1.02–2.18) but
not in men (HR: 1.18; 95% CI: 0.91–1.51, Table 2).
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Table 2. Association between Crohn’s disease and ulcerative colitis and subsequent Parkinson’s
disease and restless legs syndrome (univariable Cox regression models).

Patient Group Crohn’s Disease Ulcerative Colitis

HR (95% CI) p–value HR (95% CI) p–value

Parkinson’s Disease

Total 1.23 (0.90–1.69) 0.198 0.96 (0.75–1.23) 0.759

Women 0.99 (0.63–1.54) 0.946 0.90 (0.63–1.28) 0.561

Men 1.55 (0.98–2.45) 0.064 1.02 (0.72–1.43) 0.927

Restless Legs Syndrome

Total 1.60 (1.23–2.09) <0.001 1.26 (1.02–1.55) 0.031

Women 1.58 (1.14–2.20) 0.006 1.18 (0.91–1.51) 0.210

Men 1.64 (1.04–2.61) 0.035 1.49 (1.02–2.18) 0.041

3.3. Association of IBD and A Subsequent Diagnosis of Parkinson’s Disease

During the 10-year follow-up period, 2.1% of CD patients vs. 1.8% of matched non-
IBD pairs (p = 0.199, Figure 3), as well as 2.1% of UC vs. 2.1% of matched pairs (p = 0.757,
Figure 3) were diagnosed with PD. The incidence was 2.1 cases per 1000 patient years in
the CD cohort vs. 1.7 cases per 1000 patient years in the matched non-IBD cohort, and
2.1 cases per 1000 patient years in the UC cohort vs. 2.2 cases per 1000 patient years in
the matched non-IBD cohort. We found no significant association between CD or UC and
subsequent PD in the total study cohort (HRCD: 1.23; 95%CI: 0.90–1.69 and HRUC: 0.96;
95%CI: 0.75–1.23). However, we observed a trend towards a higher frequency of PD among
male patients with CD but not UC (HR: 1.55; 95%CI: 0.98–2.45, p = 0.064).
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4. Discussion

In patients with inflammatory bowel disease, a plethora of different co-morbidities
have been described, including cardiovascular, metabolic, and neuropsychiatric conditions.
These conditions can substantially increase the burden of disease and are associated with
worse quality of life [1]. In the setting of neuropsychiatric and neurodegenerative diseases,
an interplay between the gut, immune system, and the nervous system—often referred to
as the gut–(immune)–brain axis—has been postulated as a possible link between diseases
of the central nervous system (CNS) and IBD [2].

In the present study, we focused on analyzing a possible association between the oc-
currence of IBD and the subsequent diagnosis of RLS and/or PD. RLS and PD are common
neurological disorders for which a certain overlap in pathophysiology has been proposed.
For both conditions, it was demonstrated that the dopaminergic system and dopamine dys-
function play a vital role in disease etiology and therapy [16]. Anatomically, alterations in the
nigrostriatal dopaminergic system seem to link both conditions [17,18]. In addition, both RLS
and PD exhibit a clinical response to dopaminergic agents [16,19]. Despite these similarities,
clinical association studies have led to mixed results. While some studies found a higher preva-
lence of RLS in PD patients compared to control subjects [20,21], other studies failed to provide
evidence for an increased co-morbid occurrence of RLS and PD [22,23]. These differences
might be elucidated when comparing the role of iron metabolism in both conditions. In PD
(or other neurodegenerative diseases such as Alzheimer’s disease or amyotrophic lateral
sclerosis), a dysregulation of iron metabolism has been proposed as a possible mechanism
for neuronal cell death [24]. In contrast, RLS is associated with iron deficiency and with a
reduction in iron concentrations in certain areas of the brain [25,26].

In the present study, we were able to show a significant correlation between IBD and
RLS in a cohort of primary care patients in Germany, whereas no such correlation was found
for IBD and PD. While the positive association of IBD and subsequent RLS was confirmed
in the total population for CD, in patients with UC, an association for subsequent RLS was
only found to be significant in women. These results are generally on a par with findings
from previous studies analyzing associations between IBD and RLS [7,27]. Considering the
role of iron concentrations in the pathophysiology of RLS, this association could be partially
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due to the coherence of chronic inflammation of the bowel and iron deficiency. Both CD and
UC are inflammatory conditions that are not only restricted to the gastrointestinal tract but
are also accompanied by systemic inflammation. This chronic and systemic inflammation is
thought to contribute to the development of extraintestinal manifestations [1,28]. Sustained
conditions of chronic inflammation are commonly linked to states of iron deficiency and
associated diseases such as anemia of chronic disease [29,30]. Mechanistically, levels
of the hepatic peptide hormone hepcidin are crucial in controlling iron metabolism by
regulating serum iron concentrations, intestinal iron absorption, and intracellular iron
sequestration [30]. During inflammation, the production and release of hepcidin is induced,
thereby reducing iron availability. This process is controlled by a number of different
pro-inflammatory cytokines, in particular by interleukin-6 [29,30]. In IBD, interleukin-6
is believed to be critically involved in its pathogenesis and in fueling the maintenance of
chronic inflammation [31,32]. As well as the loss of iron due to intestinal bleeding, this
state of systemic and chronic inflammation is believed to lead to iron deficiency and, for
example, subsequent anemia in IBD [30,33]. Prolonged iron deficiency could therefore
result in iron deficiency in the CNS, thereby contributing to the increased prevalence of
RLS in patients with IBD. In addition, this mechanism could provide a possible explanation
for the sex difference we observed in subsequent RLS in patients with UC since women are
at higher risk for developing iron deficiency compared to men [34,35]. Further studies are
required to assess iron deficiency as a possible mediator in the risk of developing RLS in
patients with IBD.

In the case of PD, several epidemiological studies including PD patients from Tai-
wan [36], the United States [37], and Sweden [4] were able to provide evidence for a
potential link between PD and IBD. In contrast, a study examining Medicare beneficiaries
showed an inverse association between PD and IBD [38]. In the past, several mechanisms
have been proposed for the observed evidence connecting PD and gastrointestinal dysfunc-
tion. One of the first studies hypothesizing a potential link between the gastrointestinal
system and PD was provided by Braak et al. [39]. Braak and colleagues hypothesized that
a potential pathogen would induce α-synucleinopathy in the periphery (e.g., through the
nasal cavity and the olfactory system, or the enteric nervous system), which then ascends
into the CNS through retrograde transport [39–41]. This hypothesis is supported by studies
demonstrating pathological α-synuclein aggregates in the enteric nervous system and in
gastrointestinal biopsies from PD patients [42,43]. Indeed, gastrointestinal inoculation of α-
synuclein in mice was found to result in α-synuclein pathology in the brainstem similar to
that observed in early-stage PD. Inoculation with α-synuclein in this mouse model was also
found to lead to a reduction in dopaminergic neurons, and caused motor and non-motor
symptoms characteristic for PD. Mice undergoing vagotomy prior to the inoculation event
showed no PD-characteristic changes, suggesting a retrograde mechanism through the
enteric nervous system and via the vagus nerve [44,45]. In IBD, increased gastrointestinal
inflammation might trigger or accelerate this process, leading to abnormal α-synuclein
deposition in the CNS [46,47].

In addition, gastrointestinal inflammation is thought to influence PD pathogenesis
and progression due to overlapping inflammatory pathways [47,48]. Pro-inflammatory
cytokines, such as IL-1β, TNF, IFNγ, IL-2, IL-6, and CXCL8, have been found to be increased
in concentration in the cerebrospinal fluid and brain tissue of patients with PD [49,50]. Many
of these cytokines are also strongly involved in the pathogenesis and pathophysiology
of IBD. It is believed that long-term peripheral and gastrointestinal inflammation might
promote inflammatory processes in the CNS, thereby contributing to neurodegenerative
diseases such as PD [47,48]. In particular, TNF (tumor necrosis factor) seems to be a
major cytokine involved in these processes [49,50]. In PD, mRNA expression of different
pro-inflammatory cytokines, including TNF, was shown to be significantly increased in
colon biopsies [51]. This is further supported by studies indicating that patients receiving
anti-TNF agents are less likely to develop PD, reducing their risk by up to 92% in the case of
PD and CD [37,52]. Notably, anti-inflammatory treatment with mesalazine or sulfasalazine
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in patients with IBD was also associated with a decreased risk of co-morbid PD [53,54],
further highlighting the potential link between chronic gastrointestinal inflammation and
neurodegenerative disease in the CNS.

Our data suggest that there may not be a significant link between these two conditions
in this German primary care cohort, leaving different causes up for debate. For instance,
differences in application rates of immunosuppressant medications—in particular, anti-
TNF agents—might act on the observed conflicting results. Based on the experimental
association between chronic peripheral inflammation and neuroinflammation, a preceding
diagnosis of IBD could potentially lower the risk of subsequent PD due to the early use of
anti-inflammatory agents [38]. These differences in clinical association between PD and
IBD shed light on the complexity of the relationship between PD and IBD and highlight the
need for further research to fully understand the underlying mechanism of both diseases.

Our study has several limitations. First, we must assume that in an outpatient treat-
ment setting, some diagnoses may be coded incorrectly or misclassified by the attending
physician. Second, the Disease Analyzer database does not provide information on, for ex-
ample, the socioeconomic status (e.g., education and income of patients) or lifestyle-related
risk factors (e.g., smoking, alcohol consumption, and physical activity), which might lead to
a respective bias. No data on diagnosis methods were available and diagnoses information
were captured by the general practitioner (GP) in charge. It is possible that GPs document
diagnoses that were previously made in a hospital setting or by a specialist and do not
partake in the diagnostic process. Finally, based on the study design, only associations and
no causal relationships can be assumed.

Together, our data suggest a significant association between IBD and the subsequent
development of RLS in a large real-world cohort of outpatients in Germany. We believe that
these findings should stimulate further pathophysiological research and may eventually
lead to specific screening measures in patients with IBD.
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5. Szandruk-Bender, M.; Wiatrak, B.; Szeląg, A. The Risk of Developing Alzheimer’s Disease and Parkinson’s Disease in Patients
with Inflammatory Bowel Disease: A Meta-Analysis. J. Clin. Med. 2022, 11, 3704. [CrossRef] [PubMed]

http://doi.org/10.1016/S2468-1253(19)30173-6
http://www.ncbi.nlm.nih.gov/pubmed/31171484
http://doi.org/10.3390/ijms231911111
http://doi.org/10.1016/j.nbd.2022.105627
http://www.ncbi.nlm.nih.gov/pubmed/35032636
http://doi.org/10.1093/ibd/izy190
http://www.ncbi.nlm.nih.gov/pubmed/29788069
http://doi.org/10.3390/jcm11133704
http://www.ncbi.nlm.nih.gov/pubmed/35806985


Life 2023, 13, 897 10 of 11

6. Park, S.; Kim, J.; Chun, J.; Han, K.; Soh, H.; Kang, E.A.; Lee, H.J.; Im, J.P.; Kim, J.S. Patients with Inflammatory Bowel Disease Are
at an Increased Risk of Parkinson’s Disease: A South Korean Nationwide Population-Based Study. J. Clin. Med. 2019, 8, 1191.
[CrossRef] [PubMed]

7. Weinstock, L.B.; Bosworth, B.P.; Scherl, E.J.; Li, E.; Iroku, U.; Munsell, M.A.; Mullen, G.E.; Walters, A.S. Crohn’s Disease Is
Associated with Restless Legs Syndrome. Inflamm. Bowel Dis. 2010, 16, 275–279. [CrossRef]

8. Becker, J.; Berger, F.; Schindlbeck, K.A.; Poddubnyy, D.; Koch, P.M.; Preiß, J.C.; Siegmund, B.; Marzinzik, F.; Maul, J. Restless
Legs Syndrome Is a Relevant Comorbidity in Patients with Inflammatory Bowel Disease. Int. J. Colorectal Dis. 2018, 33, 955–962.
[CrossRef]

9. Mosli, M.H.; Bukhari, L.M.; Khoja, A.A.; Ashour, N.A.; Aljahdali, H.R.; Khoja, O.A.; Alhejaili, F.F.; Saadah, O.I. Inflammatory
Bowel Disease and Restless Leg Syndrome. Neurosciences 2020, 25, 301–307. [CrossRef]

10. Freuer, D.; Meisinger, C. Association between Inflammatory Bowel Disease and Parkinson’s Disease: A Mendelian Randomization
Study. NPJ Parkinsons Dis. 2022, 8, 55. [CrossRef]

11. Abetz, L.; Allen, R.; Follet, A.; Washburn, T.; Early, C.; Kirsch, J.; Knight, H. Evaluating the Quality of Life of Patients with Restless
Legs Syndrome. Clin. Ther. 2004, 26, 925–935. [CrossRef] [PubMed]

12. Zhao, N.; Yang, Y.; Zhang, L.; Zhang, Q.; Balbuena, L.; Ungvari, G.S.; Zang, Y.F.; Xiang, Y.T. Quality of Life in Parkinson’s Disease:
A Systematic Review and Meta-Analysis of Comparative Studies. CNS Neurosci. Ther. 2021, 27, 270–279. [CrossRef] [PubMed]

13. Schrag, A.; Jahanshahi, M.; Quinn, N. What Contributes to Quality of Life in Patients with Parkinson’s Disease? J. Neurol.
Neurosurg. Psychiatry 2000, 69, 308–312. [CrossRef]

14. Svetel, M.V.; Jovic, J.S.; Pekmezovic, T.D.; Kostic, V.S. Quality of Life in Patients with Primary Restless Leg Syndrome: Community-
Based Study. Neurol. Sci. 2015, 36, 1345–1351. [CrossRef]

15. Rathmann, W.; Bongaerts, B.; Carius, H.J.; Kruppert, S.; Kostev, K. Basic Characteristics and Representativeness of the German
Disease Analyzer Database. Int. J. Clin. Pharmacol. Ther. 2018, 56, 459–466. [CrossRef] [PubMed]

16. Peeraully, T.; Tan, E.K. Linking Restless Legs Syndrome with Parkinson’s Disease: Clinical, Imaging and Genetic Evidence. Transl.
Neurodegener. 2012, 1, 6. [CrossRef] [PubMed]

17. Connor, J.R.; Wang, X.S.; Allen, R.P.; Beard, J.L.; Wiesinger, J.A.; Felt, B.T.; Earley, C.J. Altered Dopaminergic Profile in the Putamen
and Substantia Nigra in Restless Leg Syndrome. Brain 2009, 132, 2403–2412. [CrossRef] [PubMed]

18. Jellinger, K. Post Mortem Studies in Parkinson’s Disease—Is It Possible to Detect Brain Areas for Specific Symptoms. In Proceedings
of the Journal of Neural Transmission, Supplement; Springer: Vienna, Austria, 1999; pp. 1–29.

19. Tan, E.K. Restless Legs Syndrome and Parkinson’s Disease: Is There an Etiologic Link? J. Neurol. 2006, 253, vii33–vii37. [CrossRef]
20. Krishnan, P.R.; Bhatia, M.; Behari, M. Restless Legs Syndrome in Parkinson’s Disease: A Case-Controlled Study. Mov. Disord.

2003, 18, 181–185. [CrossRef]
21. Nomura, T.; Inoue, Y.; Miyake, M.; Yasui, K.; Nakashima, K. Prevalence and Clinical Characteristics of Restless Legs Syndrome in

Japanese Patients with Parkinson’s Disease. Mov. Disord. 2006, 21, 380–384. [CrossRef]
22. Calzetti, S.; Negrotti, A.; Bonavina, G.; Angelini, M.; Marchesi, E. Absence of Co-Morbidity of Parkinson Disease and Restless

Legs Syndrome: A Case-Control Study in Patients Attending a Movement Disorders Clinic. Neurol. Sci. 2009, 30, 119–122.
[CrossRef]

23. Verbaan, D.; van Rooden, S.M.; van Hilten, J.J.; Rijsman, R.M. Prevalence and Clinical Profile of Restless Legs Syndrome in
Parkinson’s Disease. Mov. Disord. 2010, 25, 2142–2147. [CrossRef] [PubMed]

24. Oshiro, S.; Morioka, M.S.; Kikuchi, M. Dysregulation of Iron Metabolism in Alzheimer’s Disease, Parkinson’s Disease, and
Amyotrophic Lateral Sclerosis. Adv. Pharmacol. Sci. 2011, 2011, 378278. [CrossRef] [PubMed]

25. Earley, C.J.; Allen, R.P.; Beard, J.L.; Connor, J.R. Insight into the Pathophysiology of Restless Legs Syndrome. J. Neurosci. Res. 2000,
62, 623–628. [CrossRef] [PubMed]

26. Dauvilliers, Y.; Winkelmann, J. Restless Legs Syndrome: Update on Pathogenesis. Curr. Opin. Pulm. Med. 2013, 19, 594–600.
[CrossRef]

27. Takahara, I.; Takeshima, F.; Ichikawa, T.; Matsuzaki, T.; Shibata, H.; Miuma, S.; Akazawa, Y.; Miyaaki, H.; Taura, N.; Nakao, K.
Prevalence of Restless Legs Syndrome in Patients with Inflammatory Bowel Disease. Dig. Dis. Sci. 2017, 62, 761–767. [CrossRef]

28. Vavricka, S.R.; Schoepfer, A.; Scharl, M.; Lakatos, P.L.; Navarini, A.; Rogler, G. Extraintestinal Manifestations of Inflammatory
Bowel Disease. Inflamm. Bowel Dis. 2015, 21, 1982–1992. [CrossRef]

29. Cappellini, M.D.; Comin-Colet, J.; de Francisco, A.; Dignass, A.; Doehner, W.; Lam, C.S.; Macdougall, I.C.; Rogler, G.; Camaschella,
C.; Kadir, R.; et al. Iron Deficiency across Chronic Inflammatory Conditions: International Expert Opinion on Definition,
Diagnosis, and Management. Am. J. Hematol. 2017, 92, 1068–1078. [CrossRef]

30. Fertrin, K.Y. Diagnosis and Management of Iron Deficiency in Chronic Inflammatory Conditions (CIC): Is Too Little Iron Making
Your Patient Sick? Hematology 2020, 20, 478–486. [CrossRef]

31. Atreya, R.; Neurath, M.F. Involvement of IL-6 in the Pathogenesis of Inflammatory Bowel Disease and Colon Cancer. Clin. Rev.
Allergy Immunol. 2005, 28, 187–195. [CrossRef]

32. Mudter, J.; Neurath, M.F. IL-6 Signaling in Inflammatory Bowel Disease: Pathophysiological Role and Clinical Relevance. Inflamm.
Bowel Dis. 2007, 13, 1016–1023. [CrossRef] [PubMed]

33. Kaitha, S.; Bashir, M.; Ali, T. Iron Deficiency Anemia in Inflammatory Bowel Disease. World J. Gastrointest. Pathophysiol. 2015, 6, 62.
[CrossRef] [PubMed]

http://doi.org/10.3390/jcm8081191
http://www.ncbi.nlm.nih.gov/pubmed/31398905
http://doi.org/10.1002/ibd.20992
http://doi.org/10.1007/s00384-018-3032-8
http://doi.org/10.17712/nsj.2020.4.20200021
http://doi.org/10.1038/s41531-022-00318-7
http://doi.org/10.1016/S0149-2918(04)90136-1
http://www.ncbi.nlm.nih.gov/pubmed/15262463
http://doi.org/10.1111/cns.13549
http://www.ncbi.nlm.nih.gov/pubmed/33372386
http://doi.org/10.1136/jnnp.69.3.308
http://doi.org/10.1007/s10072-015-2103-7
http://doi.org/10.5414/CP203320
http://www.ncbi.nlm.nih.gov/pubmed/30168417
http://doi.org/10.1186/2047-9158-1-6
http://www.ncbi.nlm.nih.gov/pubmed/23211049
http://doi.org/10.1093/brain/awp125
http://www.ncbi.nlm.nih.gov/pubmed/19467991
http://doi.org/10.1007/s00415-006-7008-1
http://doi.org/10.1002/mds.10307
http://doi.org/10.1002/mds.20734
http://doi.org/10.1007/s10072-009-0037-7
http://doi.org/10.1002/mds.23241
http://www.ncbi.nlm.nih.gov/pubmed/20737549
http://doi.org/10.1155/2011/378278
http://www.ncbi.nlm.nih.gov/pubmed/22013437
http://doi.org/10.1002/1097-4547(20001201)62:5&lt;623::AID-JNR1&gt;3.0.CO;2-H
http://www.ncbi.nlm.nih.gov/pubmed/11104500
http://doi.org/10.1097/MCP.0b013e328365ab07
http://doi.org/10.1007/s10620-016-4420-y
http://doi.org/10.1097/MIB.0000000000000392
http://doi.org/10.1002/ajh.24820
http://doi.org/10.1182/hematology.2020000132
http://doi.org/10.1385/CRIAI:28:3:187
http://doi.org/10.1002/ibd.20148
http://www.ncbi.nlm.nih.gov/pubmed/17476678
http://doi.org/10.4291/wjgp.v6.i3.62
http://www.ncbi.nlm.nih.gov/pubmed/26301120


Life 2023, 13, 897 11 of 11

34. Coad, J.; Pedley, K. Iron Deficiency and Iron Deficiency Anemia in Women. Scand. J. Clin. Lab. Investig. Inf. Healthc. 2014,
74, 82–89. [CrossRef] [PubMed]

35. Coad, J.; Conlon, C. Iron Deficiency in Women: Assessment, Causes and Consequences. Curr. Opin. Clin. Nutr. Metab. Care 2011,
14, 625–634. [CrossRef]

36. Lin, J.C.; Lin, C.S.; Hsu, C.W.; Lin, C.L.; Kao, C.H. Association between Parkinson’s Disease and Inflammatory Bowel Disease: A
Nationwide Taiwanese Retrospective Cohort Study. Inflamm. Bowel Dis. 2016, 22, 1049–1055. [CrossRef]

37. Peter, I.; Dubinsky, M.; Bressman, S.; Park, A.; Lu, C.; Chen, N.; Wang, A. Anti-Tumor Necrosis Factor Therapy and Incidence of
Parkinson Disease among Patients with Inflammatory Bowel Disease. JAMA Neurol. 2018, 75, 939–946. [CrossRef]

38. Camacho-Soto, A.; Gross, A.; Searles Nielsen, S.; Dey, N.; Racette, B.A. Inflammatory Bowel Disease and Risk of Parkinson’s
Disease in Medicare Beneficiaries. Parkinsonism Relat. Disord. 2018, 50, 23–28. [CrossRef] [PubMed]

39. Braak, H.; del Tredici, K.; Rüb, U.; de Vos, R.A.I.; Jansen Steur, E.N.H.; Braak, E. Staging of Brain Pathology Related to Sporadic
Parkinson’s Disease. Neurobiol. Aging 2003, 24, 197–211. [CrossRef]

40. Hawkes, C.H.; del Tredici, K.; Braak, H. Parkinson’s Disease: A Dual-Hit Hypothesis. Neuropathol. Appl. Neurobiol. 2007, 33, 599–614.
[CrossRef]

41. Visanji, N.P.; Brooks, P.L.; Hazrati, L.N.; Lang, A.E. The Prion Hypothesis in Parkinson’s Disease: Braak to the Future. Acta
Neuropathol. Commun. 2014, 1, 2. [CrossRef]

42. Sánchez-Ferro, Á.; Rábano, A.; Catalán, M.J.; Rodríguez-Valcárcel, F.C.; Díez, S.F.; Herreros-Rodríguez, J.; García-Cobos, E.;
Álvarez-Santullano, M.M.; López-Manzanares, L.; Mosqueira, A.J.; et al. In Vivo Gastric Detection of α-Synuclein Inclusions in
Parkinson’s Disease. Mov. Disord. 2015, 30, 517–524. [CrossRef] [PubMed]

43. Grathwohl, S.A.; Steiner, J.A.; Britschgi, M.; Brundin, P. Mind the Gut: Secretion of α-Synuclein by Enteric Neurons. J. Neurochem.
2013, 125, 487–490. [CrossRef] [PubMed]

44. Kim, S.; Kwon, S.H.; Kam, T.I.; Panicker, N.; Karuppagounder, S.S.; Lee, S.; Lee, J.H.; Kim, W.R.; Kook, M.; Foss, C.A.; et al.
Transneuronal Propagation of Pathologic α-Synuclein from the Gut to the Brain Models Parkinson’s Disease. Neuron 2019, 103,
627–641.e7. [CrossRef] [PubMed]

45. Uemura, N.; Yagi, H.; Uemura, M.T.; Hatanaka, Y.; Yamakado, H.; Takahashi, R. Inoculation of α-Synuclein Preformed Fibrils into
the Mouse Gastrointestinal Tract Induces Lewy Body-like Aggregates in the Brainstem via the Vagus Nerve. Mol. Neurodegener.
2018, 13, 21. [CrossRef] [PubMed]

46. Klann, E.M.; Dissanayake, U.; Gurrala, A.; Farrer, M.; Shukla, A.W.; Ramirez-Zamora, A.; Mai, V.; Vedam-Mai, V. The Gut-Brain
Axis and Its Relation to Parkinson’s Disease: A Review. Front. Aging Neurosci. 2021, 13, 782082. [CrossRef]

47. Lee, H.S.; Lobbestael, E.; Vermeire, S.; Sabino, J.; Cleynen, I. Inflammatory Bowel Disease and Parkinson’s Disease: Common
Pathophysiological Links. Gut 2021, 70, 408–417. [CrossRef] [PubMed]

48. Herrick, M.K.; Tansey, M.G. Is LRRK2 the Missing Link between Inflammatory Bowel Disease and Parkinson’s Disease? NPJ
Parkinsons Dis. 2021, 7, 26. [CrossRef]

49. Mogi, M.; Harada, M.; Kondo, T.; Riederer, P.; Inagaki, H.; Minami, M.; Nagatsu, T. Interleukin-1β, Interleukin-6, Epidermal Growth
Factor and Transforming Growth Factor-α Are Elevated in the Brain from Parkinsonian Patients. Neurosci. Lett. 1994, 180, 147–150.
[CrossRef]

50. Mogi, M.; Harada, M.; Riederer, P.; Narabayashi, H.; Fujita, K.; Nagatsu, T. Tumor Necrosis Factor-α (TNF-α) Increases Both in
the Brain and in the Cerebrospinal Fluid from Parkinsonian Patients. Neurosci. Lett. 1994, 165, 208–210. [CrossRef]

51. Devos, D.; Lebouvier, T.; Lardeux, B.; Biraud, M.; Rouaud, T.; Pouclet, H.; Coron, E.; Bruley des Varannes, S.; Naveilhan, P.;
Nguyen, J.M.; et al. Colonic Inflammation in Parkinson’s Disease. Neurobiol. Dis. 2013, 50, 42–48. [CrossRef]

52. Brudek, T. Inflammatory Bowel Diseases and Parkinson’s Disease. J. Parkinsons Dis. 2019, 9, S331–S344. [CrossRef] [PubMed]
53. Pinel Ríos, J.; Madrid Navarro, C.J.; Pérez Navarro, M.J.; Cabello Tapia, M.J.; Piña Vera, M.J.; Campos Arillo, V.; Gómez García,

M.R.; Mínguez Castellanos, A.; Escamilla Sevilla, F. Association of Parkinson’s Disease and Treatment with Aminosalicylates
in Inflammatory Bowel Disease: A Cross-Sectional Study in a Spain Drug Dispensation Records. BMJ Open 2019, 9, e025574.
[CrossRef] [PubMed]

54. Ford, A.C.; Achkar, J.P.; Khan, K.J.; Kane, S.V.; Talley, N.J.; Marshall, J.K.; Moayyedi, P. Efficacy of 5-Aminosalicylates in Ulcerative
Colitis: Systematic Review and Meta-Analysis. Am. J. Gastroenterol. 2011, 106, 601–616. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3109/00365513.2014.936694
http://www.ncbi.nlm.nih.gov/pubmed/25083899
http://doi.org/10.1097/MCO.0b013e32834be6fd
http://doi.org/10.1097/MIB.0000000000000735
http://doi.org/10.1001/jamaneurol.2018.0605
http://doi.org/10.1016/j.parkreldis.2018.02.008
http://www.ncbi.nlm.nih.gov/pubmed/29459115
http://doi.org/10.1016/S0197-4580(02)00065-9
http://doi.org/10.1111/j.1365-2990.2007.00874.x
http://doi.org/10.1186/2051-5960-1-2
http://doi.org/10.1002/mds.25988
http://www.ncbi.nlm.nih.gov/pubmed/25113060
http://doi.org/10.1111/jnc.12191
http://www.ncbi.nlm.nih.gov/pubmed/23448303
http://doi.org/10.1016/j.neuron.2019.05.035
http://www.ncbi.nlm.nih.gov/pubmed/31255487
http://doi.org/10.1186/s13024-018-0257-5
http://www.ncbi.nlm.nih.gov/pubmed/29751824
http://doi.org/10.3389/fnagi.2021.782082
http://doi.org/10.1136/gutjnl-2020-322429
http://www.ncbi.nlm.nih.gov/pubmed/33067333
http://doi.org/10.1038/s41531-021-00170-1
http://doi.org/10.1016/0304-3940(94)90508-8
http://doi.org/10.1016/0304-3940(94)90746-3
http://doi.org/10.1016/j.nbd.2012.09.007
http://doi.org/10.3233/JPD-191729
http://www.ncbi.nlm.nih.gov/pubmed/31609699
http://doi.org/10.1136/bmjopen-2018-025574
http://www.ncbi.nlm.nih.gov/pubmed/31221869
http://doi.org/10.1038/ajg.2011.67
http://www.ncbi.nlm.nih.gov/pubmed/21407188

	Introduction 
	Materials and Methods 
	Database 
	Study Population 
	Study Outcomes and Statistical Analyses 

	Results 
	Basic Characteristics of the Study Sample 
	Association of IBD and A Subsequent Diagnosis of Restless Legs Syndrome 
	Association of IBD and A Subsequent Diagnosis of Parkinson’s Disease 

	Discussion 
	References

