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Abstract. There is a growing interest in the role the immune system and inflammatory response play on the pathophysiology
of Parkinson’s disease (PD). Epidemiological evidence lends support for the hypothesis that PD is an immune-mediated con-
dition. An association between inflammatory bowel disease, including Crohn’s and Ulcerative colitis, and the risk of PD has
been described and replicated in several population-based cohorts. Other autoimmune conditions, such as Sjogren syndrome,
ankylosing spondylitis, and rheumatoid arthritis also seem to be associated with an increased risk of PD. Immunosuppres-
sant medications seem to be associated with a decreased risk of PD. Finally, variants in genes involved in immune system
regulation are also shared between PD and autoimmune conditions. In this review, we will provide an overview of epidemio-
logical evidence from population-based cohort studies, meta-analyses, and genome-wide association studies that analyze the
association between the immune system and PD, discuss current gaps in the literature and future research directions in this
field.
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INTRODUCTION

There is growing evidence that inflammation plays
a part in the pathophysiology of some neurodegener-
ative conditions, including Parkinson’s disease (PD)
[1]. Neuroinflammation is a fundamental immune
response to protect neurons from harm and compen-
sate for neuronal damage. Importantly, this response
can be considered as a double-edged sword, where
it can be neuroprotective in the short term but
can be neurotoxic when chronic. Aberrant func-
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tioning of the immune system, including changes
in microglia, astrocytes, innate immune cells, and
infiltrating peripheral immune cells, has been pro-
posed as a critical component of susceptibility to
and progression of PD [2]. There are several mecha-
nisms by which the immune system may contribute
to PD pathophysiology. Oxidative stress, inflamma-
tory response, abnormal aggregation of proteins, and
dysfunction of protein degradation systems are con-
sidered to participate in the cascade of events leading
to the death of dopaminergic neurons. Inflammatory
cytokines are reported as increased in PD patients
and have been associated with worsened symptoms,
including cognition, depression, anxiety, and sleep
[3]. A meta-analysis including 25 studies compared
blood cytokine concentrations in PD patients and con-
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trols and found higher peripheral concentrations of
interleukin-6, 1B, 2 and 10, tumor necrosis factor
and C-reactive protein in PD patients [4]. Systemic
inflammation and chronic immune cell activation in
the periphery may amplify microglial activation, a
phenomenon known as microglia priming [5]. In this
same manner, conditions associated with inflamma-
tion, such as autoimmune disorders, and medications
that affect inflammation (e.g., immunosuppressants
and anti-inflammatory medications) may influence
risk and progression of PD.

The present manuscript is not intended to represent
a systematic review, but rather an overview of the
current epidemiological evidence for an association
between the immune system and PD. For this pur-
pose, we performed a literature search in National
Center for Biotechnology Information’s PubMed
database (https://www.ncbi.nlm.nih.gov/pubmed)
utilizing the search terms “Parkinson Disease” AND
“immune system”, “autoimmune”, “immunosup-
pressant”, “cardiovascular”, “infection”. We aim to
summarize the state of the art of the field, as such
we restricted our search to research published in the
last 5 years. Additionally, we have only included
population-based cohort, meta-analyses and genome
wide association studies (GWAS) (Table 1). We
have excluded preclinical and animal model studies
since this is out of scope for the present review. We
will focus on autoimmune conditions and the use
of immunosuppressant drug, as well as the role of
infection in PD. We also include type 2 diabetes
mellitus (T2DM) as an example of a condition with
known inflammatory derangements, that has been
recently described as a risk factor for PD. Finally,
we discuss current gaps in the literature and future
research directions in this field.

IMMUNE SYSTEM AND GENETIC RISK
IN PD

Genetic studies support an association between
autoimmune conditions and PD. The most recent
meta-analysis of GWAS identified more than 90 loci
that are associated with idiopathic PD [6]. In this same
study, PD genes were enriched in pathways involving
a response to a stressor, including major histocom-
patibility complex, class II, DR Beta 5 (HLA-DRB5);
which plays a central role in the immune system by
presenting peptides derived from extracellular pro-
teins [7].

LRRK2 also seems to be a common factor linking
the immune system and PD. Variants in the LRRK2
gene are among the most frequent causes of familial
PD. LRRK2 is expressed in both innate and adap-
tive immune cells and is a member of the receptor
interacting protein kinase family, which are a group
of proteins that detect and respond to cellular stress
by regulating cell death and activation of the immune
system [5]. It has been observed that LRRK2 expres-
sion increases in response to microbial pathogens
[5]. Polymorphisms in the LRRK2 gene have been
linked to inflammatory diseases such as leprosy
and inflammatory bowel disease (IBD), highlight-
ing its role in inflammation [5]. In a recent GWAS
study, shared genetic risks were found between PD
and Crohn’s disease (CD), with LRRK2 as one of
the most significant genes shared by both [8]. For
an in-depth review of the genetic basis of inflam-
mation and PD, we refer the reader to the article
“Immunogenetics in PD”, which is covered by oth-
ers in this special issue of the Journal of Parkinson’
s Disease.

AUTOIMMUNE CONDITIONS AND
PARKINSON DISEASE

An increased risk of PD has been associated with
some autoimmune disorders, suggesting a role of
autoimmunity in the pathogenesis of PD (Table 1).
In one large epidemiological study conducted in
Sweden, which involved more than 310,000 patients
with different autoimmune disorders, patients with an
autoimmune disease had a 33% excess risk of PD [9].
In another population-based cohort study conducted
on the ethnic Chinese population from Taiwan, Sjo-
gren syndrome was associated with an increased risk
of PD [10]. In the same population, rheumatoid arthri-
tis (RA) was also associated with an increased risk
of PD, compared with age and sex-matched controls
[11]. Nonetheless, a recent nested case-control study
showed the risk of PD was decreased 30-50% in indi-
viduals who received an RA diagnosis compared to
healthy controls [12]. Differences in ethnicity and
lifestyle factors could contribute to these differences
in outcomes.

A recent study also described a positive association
between ankylosing spondylitis (AS) and the risk of
PD regardless of sex or age [13]. In contrast, one study
found that systemic lupus erythematous was associ-
ated with a decreased risk of PD, which the authors
propose could be due to immunosuppressant treat-
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Table 1
Summary of epidemiological studies investigating associations between Parkinson’s disease and immune-mediated diseases or immune-modulating drugs

Study Population/Database n Summary

Autoimmune conditions

Bacelis et al. (2021) [12] Swedish medical registries Inclusive branch (all PD patients): 8,256 PD
subjects and 82, 452 HC.

OR 0.65 (CI 95% 0.46–0.89, p = 0.006) for
PD diagnosis > 5 y after RA diagnosis.

Conservative branch (only patients where
PD was assigned as main diagnosis):
4,738 PD and 47,269 HC.

OR 0.47 (CI 95% 0.28–0.75, p = 0.006) for
PD diagnosis > 5 y after RA diagnosis.

Yeh et al. (2020) [13] National Health Insurance Research
Database of Taiwan

6,440 AS patients and 25, 760 non-AS
patients.

aHR 1.75 (95% CI 1.38–2.22) in subjects
with AS.

Chang et al. (2018) [11] National Health Insurance Research
Database of Taiwan

34,606 cases of autoimmune rheumatic
diseases and 13,824 matched control cases.

aHR 1.14; 95% CI 1.03–1.2 in subjects with
RA.

aHR 1.56; 95% CI 1.35–1.79 in subjects
with Sjogren syndrome.

Witoelar et al. (2017) [8] GWAS data from a selection of autoimmune
diseases. NeuroX data for replication

138,511 individuals of European ancestry. Genes associated with both PD and
autoimmune conditions:

CASZ1, FCGR2A, MROH3P, CXCR4,
IL12A, GAK, GUCY1A3, TRIM10,
BTNL2, HLA-DRB5, HLA-DQB1, CCNY,
SLC2A13, LRRK2, BOLA2 SETD1A,
MAP3K14, MAPT, KANSL1, WNT,
RSPH6A, SYMPK

Wu et al. (2017) [10] National Health Insurance Research
Database of Taiwan

7,716 subjects with newly diagnosed PD and
7,128 matched control subjects.

aOR 1.37 (95% CI 1.15–1.65) among
subjects with Sjogren syndrome.

Inflammatory bowel disease (IBD)

Weimers et al. (2019) [27] Swedish Patient Register 39,652 individuals with IBD and 396,520
controls.

OR 1.4 (95% CI 1.2–1.8) for all patients.

OR 1.4 (95% CI 1.1–1.9) for UC and OR 1.6
(95% CI 1.1–2.3) for CD.

Villumsen et al. (2019) [28] Danish National Patient Register 76,477 individuals with IBD and 7,548,259
non-IBD individuals.

HR 1.22 (95% CI 1.09–1.35) in individuals
with IBD.

Park et al. (2019) [29] Korean National Health Care Insurance
Service

38,861 individuals with IBD. aHR 2.23 (95% CI 1.12 – 4.45) for
individuals with CD.

aHR 1.85 (95% CI 1.38 – 2.48) for
individuals with UC.

(Continued)
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Table 1
(Continued)

Study Population/Database n Summary

Camacho-Soto et al. (2018) [30] Medicare beneficiaries and Medicare base
file

89,790 newly diagnosed PD cases and
118,095 controls.

OR 0.85 (95% CI 0.80–0.91) in subjects
with IBD.

Peter et al. (2018) [26] Truven Health MarketScan and Medicare
Supplemental Database

144,018 individuals with IBD and 720,090
controls.

aIRR 1.26 (95% CI 1.03–1.53) for subjects
with CD.

aIRR 1.31 (95% CI 1.14–1.51) for subjects
with UC.

Gut microbiome

Toh et al. (2021) [38] Meta-analysis of ten studies 1,703 subjects (969 PD patients and 734
non-PD controls).

Differentially abundant bacteria taxa
between PD and controls.

Liu et al. (2017) [39] Swedish Patient Register 9,439 vagotomized patients and 377, 200
reference individuals.

HR 0.96 (95% CI 0.78–1.17) in individuals
who had received a vagotomy.

HR 0.59 (95% CI 0.37 – 0.93)>5 y after
truncal vagotomy.

Irritable bowel syndrome (IBS)

Liu et al. (2021) [33] Swedish Patient Register Nested case-control study including 56,564
PD cases and 30 controls per case.

OR 1.44 (95% CI 1.27–1.63)

Swedish Twin Registry Cohort study included 3046 individuals with
self-reported IBS and 41,179 non-IBS
individuals.

HR 1.25 (95% CI 0.87–1.81)

Mertsalmi et al. (2021) [34] Finnish Care Register 28,150 individuals with IBS and 98,789
IBS-free.

aHR 1.70 (95% CI 1.27–2.26)

aHR 2.96 (95% CI 1.78–4.92) only during
the first 2 y of follow up.

Zhang et al. (2021) [35] Meta-analysis of five studies 2,044,110 individuals. HR 1.48 (85% CI 1.35–1.62)

Diabetes

Chohan et al. (2021) [49] Meta-analysis including 28 articles OR 1.21 (95% CI 1.07–1.36) for risk of PD.
OR 1.08 (95% CI 1.02–1.14) for a causal

effect using MR.
OR 1.10 (95% CI 1.01–1.20) for an effect on

motor progression using MR.
De Pablo-Fernandez et al. (2018) [46] Hospital Episode Statistics 2,017,115 individuals with T2DM and

6,173,293 reference cohort.
HR 1.32 (95% CI 1.29–1.35)

De Pablo-Fernandez et al. (2017) [48] NEDICES study 79 PD patients, 4,919 controls. OR 1.89 (95% CI 0.6–1.89)
Yang et al. (2017) [45] National Health Insurance Research

Database of Taiwan
36,294 individuals with T2DM and 108,882

non-DM individuals.
aHR 1.19 (95% CI 1.08–1.32)
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Immunosuppressants and anti-inflammatory drugs

Kang et al. (2021) [58] GWAS data from the IPDGC and 23andMe,
Inc

37,688 individuals with PD and 981,372
controls.

Mendelian randomization study with genetic
variants in the vicinity of TNFRSF1A used as
predictors of TNFR1 signaling blockade.

OR 0.99 (95% CI 0.91–1.08) for PD risk.
San Luciano et al. (2020) [54] Parkinson Disease Genetic and

Environmental Modifiers. Michael J. Fox
Foundation LRRK2 Cohort Consortium

577 participants (259 LRRK2-PD and 318
LRRK2-nonPD).

OR 0.34 (95% CI 0.21–0.57) for PD risk in
subjects with regular NSAID use.

Yeh et al. (2020) [13] National Health Insurance Research
Database of Taiwan

6,440 AS patients and 25, 760 non-AS
patients.

aHR 0.69 (95% CI 0.5–0.96) in individuals
using NSAIDs.

aHR 2.40 (95% CI 1.26 – 4.56) in individuals
receiving immunosuppressant therapy.

Poly et al. (2019) [53] Meta-analysis including 17 studies 14,713 PD individuals and 2,498,258
controls.

RR 0.95 (95% CI 0.86 – 1.048) for use of
NSAIDs.

Park et al. (2019) [29] Korean National Health Care Insurance
Service

38,861 individuals with IBD. aHR 0.08 (95% CI 0.02 – 0.33) in patients with
CD who used corticosteroids.

Among 2,110 patients receiving anti-TNF, none
experienced PD during 9950 person-years.

Fan et al. (2019) [55] Medicare beneficiaries 89,790 individuals with PD and 118,095
controls.

OR 0.63 (95% CI 0.53–0.75) for beneficiaries
who had received a tissue transplant (kidney,
heart, liver, lung, and bone marrow) at least 5
y prior to PD diagnosis.

Peter et al. (2018) [26] Truven Health MarketScan and Medicare
Supplemental Database

144,018 individuals with IBD and 720,090
controls.

aIRR 0.22 (95% CI 0.05 – 0.88) for individuals
with IBD who were exposed to anti-TNF
therapy.

Racette et al. (2018) [56] Medicare beneficiaries 48,295 PD individuals and 52,324 controls. RR 0.64 (95% CI 0.51–0.79) for IMDH
inhibitors

RR 0.80 (95% CI 0.77–0.83) for corticosteroids
RR 0.84 (95% CI 0.74–0.95) for dihydrofolate

reductase inhibitors
RR 0.91 (95% CI 0.49–1.70) for calcineurin

inhibitors
RR 0.76 (95% CI 0.56–1.04) for any biologics

(adalimumab, etanercept)
RR 0.77 (95% CI 0.65–0.90) for

hydroxychloroquine
RR 0.88 (95% CI 0.69–1.13) for sulfasalazine
RR 0.79 (95% CI 0.64–0.96) for mesalamine
RR 0.85 (95% CI 0.54–1.34) for

thalidomide/lenalidomide

(Continued)
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Table 1
(Continued)

Study Population/Database n Summary

Infection and PD

Smeyne et al. (2021)∗ [62] Rochester Epidemiology Project 464 individuals with parkinsonism and 464
matched controls.

OR 1.05 (95% CI 0.78–1.4) for
infection-related hospitalization

OR 0.86 (95% CI 0.40–1.85) for sepsis
Cocoros el al. (2021) [66] Danish National Patient Registry 10,271 individuals with PD and 51,355

controls.
OR 1.73 (95% CI 1.11–2.71) for PD

diagnosis more than 10 y after influenza.
Wang et al. (2020) [65] Meta-analysis of 23 studies analyzing risk of

13 pathogenic microorganisms and risk of
PD.

23 articles (13,545 PD and 41,446 controls). HP: pOR 1.65 (95% CI 1.42–1.91)

Malassezia pOR 1.69 (95%CI 1.36–2.1)
Chlamydophila pneumoniae pOR 1.5

(95%CI 1.02–2.49)
Antiviral treatment against HCV pOR 0.67

(95%CI 0.57–0.79)
Nerius et al. (2020) [72] Health claims data from German health

insurer.
228,485 individuals aged 50 y and older. HR 1.42 (95%CI 1.33–1.52) in individuals

with a history of GII.
Tsai et al. (2016) [57] Clalit Healthcare Service (healthcare

provider in Israel)
21,010 individuals with PD. OR 1.08 (95%CI 1–1.16) in HBV-positive

individuals.
OR 1.18 (95%CI 1.04–1.35) in HCV

positive individuals.
OR 1.13 (95%CI 1.08–1.19) in patients

diagnosed with NASH.

aHR, adjusted hazard ratio; aIRR, adjusted incidence rate ratio; aOR, adjusted odds ratio; AS, Ankylosing spondylitis; CD, Crohn’s disease; GII, gastrointestinal infections; GWAS, genome
wide association study; HBV, Hepatitis B virus; HCV, Hepatitis C virus; HP, Helicobacter pylori; HR, hazard ratio; IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; IMDH,
inosine monophosphate dehydrogenase inhibitors; IPDGC, International Parkinson’s Disease Genomics Consortium; MR, Mendelian randomization; NASH, nonalcoholic steatohepatitis; NSAID,
non-steroidal anti-inflammatory drugs; OR, odds ratio; PD, Parkinson Disease; pOR, pooled OR; RA, rheumatoid arthritis; RR, risk ratio; SS, Sjogren syndrome; T2DM, Type 2 diabetes mellitus;
TNFRSF1A, gene encoding TNF receptor 1; UC, ulcerative colitis. ∗ Included MSA, DLB, PDD, and PD as cases.
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ment, although an unrecognized common risk factor
is also provided as a possibility [14].

Secondary parkinsonism can be a feature of some
of these disorders, which can confound interpreta-
tion of the existing literature [15]. Nonetheless, the
consistency of these PD associations across multiple
autoimmune diseases provides support for a true rela-
tionship mediated by the common feature of immune
system activation.

This association is also supported by genetic data.
Analysis of GWAS data on patients with PD or
different autoimmune diseases, including CD, ulcer-
ative colitis (UC), celiac disease, RA, psoriasis, and
type 1 diabetes, identified several pleiotropic genes,
with the strongest genetic overlap between PD and
CD. Some of these genes include HLA-DRB5, HLA-
DQB1, MAPT, and LRRK2 which were associated
with CD and UC and GAK1 and CXCR4 which were
associated with RA and type I diabetes [8].

INFLAMMATORY BOWEL DISEASE,
IRRITABLE BOWEL SYNDROME, AND
PARKINSON’S DISEASE

Gastrointestinal symptoms are frequently found
in PD and may exist decades before motor symp-
tom onset. Bidirectional communication between the
central nervous system (CNS) and enteric nervous
system (ENS) (“gut-brain axis”) has been proposed
as a possible link between the intestinal environment
and PD. Postmortem studies showing the presence
of aggregated alpha-synuclein in the ENS, particu-
larly the appendix [16]. In support of its role, patients
with appendectomies have been reported to have a
delayed age of PD onset [17]. Intestinal dysbiosis
may also affect alpha-synuclein aggregation and lead
to an excessive inflammatory response and poten-
tially contribute to disease onset and progression. The
gut microbiome and its effect on PD is covered by oth-
ers in this special issue of the Journal of Parkinson’s
Disease.

IBD, UC and CD, is also associated with intesti-
nal dysbiosis [18]. IBD patients exhibit a decrease
of bacteria with anti-inflammatory capacities and
an increase in pro-inflammatory microbiota profile
compared to healthy controls [19]. There are studies
showing higher expression levels of alpha-synuclein
in the colon of CD patients compared to healthy con-
trols [20]. Intracellular alpha-synuclein staining in
infiltrating monocytic cells from colonic biopsies of
UC and CD patients was also described in a small

study [21]. The co-occurrence of alpha-synuclein and
tau deposits has been described in PD [22] and further
supporting pathophysiological links between PD and
CD, upregulation of two main human tau isoforms has
been shown in the ENS of CD patients [23]. The rela-
tionship may be genetically mediated; as discussed
above, there is evidence of genetic overlap between
CD and PD, both from GWAS, as well as data from
LRRK2 cohort studies [8, 24].

Several epidemiological studies have sought to
determine whether IBD increases the risk of PD.
To date, at least five population-based cohort stud-
ies have reported that the risk of PD is variably
increased in IBD patients (Table 1). Specifically, IBD
patients were found to have a 20%–90% higher risk of
developing PD compared to individuals without IBD
[25–29]. Although these studies can provide impor-
tant insight into PD pathophysiology, some caution
should be used in their interpretation, particularly
since an inverse association has also been described.
A population-based, case-control study of prodromal
PD observed an inverse association between prodro-
mal PD and IBD, IBD- associated surgical procedures
and immunosuppressant use. The authors propose
that the increased risk observed in other cohort stud-
ies may have been due to surveillance bias [30].
Similarly, in a population cohort from the Swedish
National Patient Register, the effect of IBD on inci-
dent PD disappeared when adjusting for number of
medical visits during follow-up, suggesting an impor-
tant effect of surveillance bias [27]. By contrast,
Danish and Korean cohort studies maintained a sig-
nificant associated even after adjustment for number
of healthcare visits [28, 29].

Some of the above associations seemed to be age
dependent. In one meta-analysis patients with onset
of IBD over age of 60 had a higher risk of PD [31].
By contrast, another study demonstrated a higher risk
of PD in CD patients only in individuals with age at
onset younger than 60 years [29]. The incidence of
IBD among PD patients has also been controversial.
A US study using Medicare data showed a lower risk
of both CD and UC in PD patients compared to non-
PD controls [30]. This discrepancy could be due to
the gap in peak incidence age between diseases. It
may also be that typical symptom of IBD may be
masked by other gastrointestinal issues in PD, such
as delayed gastric emptying and constipation.

Irritable bowel syndrome (IBS), while not an
autoimmune condition, is associated with alterations
in immune regulation and exposure to pathogens can
be an important initiating event. IBS patients have
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Fig. 1. Risk and protective factors associated with immune system function and PD development. Autoimmune conditions, except for
systemic lupus erythematosus, are identified as risk factors for the development of Parkinson’s disease (PD). Genes identified through
GWAS are highlighted as associated with Crohn’s disease, rheumatoid arthritis, and ulcerative colitis, as well as with PD. LRRK2 is
specifically highlighted given its strong association with PD as well as Crohn’s disease. Among infections, Hepatitis B and hepatitis C viral
infection, as well as H. pylori show the most consistent evidence and are highlighted. Type 2 diabetes and irritable bowel syndrome, which
include immune system dysfunction have been described as risk factor for PD. Finally, immunosuppressant medications are used to treat
autoimmune conditions and, along with NSAIDs, have an inverse association with PD. Risk factors are shown in orange and protective
factors in green. Lighter shaded boxes represent lower level of evidence (e.g., only one study describing the association) while heavier
shading represents robust evidence (e.g., those where several epidemiological studies are available and consistent).

increased expression of intestinal Toll-like receptors,
which are important mediators of intestinal immune
response to gut microbes. Increased serum levels of
bacterial endotoxins (LPS) and anti-flagellin antibod-
ies have also been demonstrated in IBS subjects [32].
IBS has been studied as a potential risk factor for PD,
again because of the proposed gastrointestinal origin
of PD (Table 1). A nested case-control study in the
Swedish population estimated a higher risk of PD in
individuals with a prior diagnosis of IBS. Nonethe-
less, the same group failed to confirm this finding
in a cohort study using data from the Swedish Twin
Registry [33]. Interestingly, a retrospective registry-
based cohort study utilizing data from the Finnish
Care Register for Health Care found that a diagnosis
of IBS was associated with a higher hazard of PD;
however, the ratio was not constant over time and
the hazard was only significantly higher in the first
two years of follow up. This suggests that this asso-
ciation may be better explained by reverse causation
and detection bias [34]. Finally, a meta-analysis that
included five studies did show a higher risk of PD
among subjects with IBS although surveillance bias
was identified as a potential explanation across most
of the included studies [35].

A role of the gastrointestinal tract in the devel-
opment of synucleinopathies could be mediated by
bacterial activity of the gut microbiome. Endo-
toxins produced by some gut bacteria have been
reported to have promote the aggregation of synu-
clein, generating toxic synuclein products that may
participate in the cascade of events leading to PD
[36]. Two recent meta-analysis included case-control
studies in datasets from Finland, Russia, the United
States, Germany, and Japan. 16S ribosomal ribonu-
cleic acid (rRNA) gene sequencing data showed
differentially abundant bacteria comparing PD and
controls, including a decrease in short-fatty acid pro-
ducing bacteria, which can lead to neuroinflammation
[37, 38].

The association between gastrointestinal inflam-
mation and CNS involvement in PD is hypothesized
to be driven by alpha-synuclein deposition in the
ENS, which is then transmitted to the CNS through
the vagus nerve. While case-control and vagotomy
animal models seem to support this, a nationwide
Swedish register did not find an association with PD
risk (HR 0.96; 95% CI 0.78–1.17). However, there
was a suggestion of lower risk in those subjects that
had received a truncal vagotomy at least 5 years
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before PD diagnosis (HR 0.59, 95% CI 0.37–0.93)
[39].

Although gastrointestinal inflammatory conditions
appear to be associated with PD, it is currently
unclear whether the relationship is causal. Analy-
sis of prodromal PD may aid in elucidating this.
Recent advancements in in vitro seeding assays, such
as real-time quaking induced conversion and protein
misfolding cyclic amplification present the exciting
possibility of molecular diagnosis of PD using read-
ily accessible peripheral tissue samples [40]. Future
studies could leverage these techniques to include
the analyses of colon tissue samples from selected
cohorts to help characterize this association.

DIABETES

Cardiovascular disease risk factors, including
hypertension, obesity, and T2DM, share biologi-
cal processes with PD, in particular inflammation
and oxidative stress [41]. Hyperglycemia and insulin
resistance in T2DM may also lead to mitochon-
drial dysfunction which in turn results in low-grade
inflammation and overproduction of reactive oxygen
species products and contribute to an elevated risk
of PD [42, 43]. Hyperglycemia in diabetic patients
also leads to protein glycation dysfunction and aggre-
gation, which in turn may lead to alpha-synuclein
aggregation, providing another potential link between
T2DM and PD [44].

A retrospective, population-based study in Taiwan
described a higher risk of PD in individuals diagnosed
with T2DM compared to the non-T2DM cohort, with
a larger magnitude in females, individuals aged 65
years and older and those with comorbidities includ-
ing coronary artery disease, hyperlipidemia, asthma,
and stroke. This increased risk remained during a
mean follow-up of 7.3 years [45]. A similar risk
was noted in T2DM patients from London England,
with a greater magnitude in females and those with
target organ damage. In contrast to the prior study,
younger patients (less than 65 years of age) were at an
increased risk of PD [46]. A retrospective cohort from
Spain showed an overall higher risk of PD following
diagnosis of not only in T2DM but also in predia-
betic subjects; the higher risk was seen in both sexes
in individuals younger than 65 years of age but was
restricted to females among those over age 65 [47].
This study also described a higher rate of subsequent
PD in overweight and obese subjects, independent of
T2DM and prediabetes [47], suggesting that common

metabolic risk factors may explain the associations
observed between PD and T2DM. A cross-sectional
population-based analysis in an elderly Spanish pop-
ulation study showed no association between T2DM
and prevalence of PD, nonetheless, subgroup analysis
revealed a positive association in those with long-
duration diabetes (>10 years) [48]. This association
is further supported in a recent meta-analysis [49].

T2DM has been associated with cognitive impair-
ment in PD [50], which has been proposed to be
mediated by inflammation. A study conducted in
a large cohort examined the relationship between
vascular, inflammatory, metabolic risk factors and
dementia in PD subjects. Notably, PD patients with
T2DM and dementia (PDD-T2DM) exhibited more
vascular inflammatory factor derangements than
PDD without T2DM. Derangements included ele-
vated LDL cholesterol and fibrinogen. These factors
were proposed to lead to greater fragmentation of
capillaries and chronic inflammatory damage to cap-
illary network in multiple brain regions, leading to
cognitive changes [51].

IMMUNOSUPPRESSANT AND
ANTI-INFLAMMATORY DRUGS AND PD

Given the association of PD and autoimmune con-
ditions, it follows that medications used to treat
these conditions may influence the risk of PD. Sev-
eral epidemiological studies have been conducted to
investigate the use of non-steroidal anti-inflammatory
drugs (NSAIDs) before PD onset (Table 1). Ini-
tial observations suggested that NSAIDs protected
against PD (for review, see [5]). However, meta-
analyses published in 2018 and 2019 data did not
identify a significant association between NSAID use
and risk of PD, although a subset analysis in one study
revealed a possible protective effect of non-aspirin
NSAIDs [52, 53]. NSAID use was also associated
with lower risk of PD in a cohort of individuals with
AS (aHR 0.69) [13]. Finally, this association may
be related to the underlying genetic variants. Regu-
lar use of NSAIDs (including aspirin and ibuprofen)
was associated with a reduced odds of PD in a cohort
of manifesting and non-manifesting LRRK2 carriers
[54]. This may support the role of the LRRK2 protein
in inflammatory pathways.

The association of immunosuppressant use and
PD was also explored in a Medicare claims data
study, which demonstrated a strong inverse associ-
ation between tissue transplant and risk of PD; this
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was consistent across all types of tissue transplant,
with the potential common link between patients
being the use of immunosuppressants. One limita-
tion of this study is the use of Medicare claims
data, which restricted inclusion to subjects aged 65
and older and precluded the investigation of specific
immunosuppressants due to insufficient prescrip-
tion medication data [55]. Another population-based
case-control study utilizing Medicare data described
a lower risk of PD with the use of immunosup-
pressants. In this study, specific immunosuppressant
categories that were associated with a particularly low
risk included corticosteroids and inosine monophos-
phate dehydrogenase inhibitors (such as azathioprine,
leflunomide, or mycophenolate) [56]. Interestingly,
in a different study, the risk of PD was higher in
patients with AS receiving immunosuppressants than
in those not receiving immunosuppressants, this was
attributed to a likely higher disease activity and
stronger inflammatory response, rather than an effect
from immunosuppressant treatment [13]. In a nation-
wide, population-based study using claims data from
the Korean National Health care insurance, corticos-
teroid use was associated with an inverse association
with development of PD in patients with CD but not
with UC. In this same study, patients who received
anti-tumor necrosis factor (anti-TNF) did not develop
PD across 9950 person-years of follow-up [29].

In another cohort of subjects with IBD, anti-TNF
treatment showed a 78% decrease in PD risk com-
pared to those without anti-TNF treatment [26]. Two
studies using the Taiwanese national health insurance
database explored the role of interferon therapy for
chronic Hepatitis C virus (HCV) infection and risk of
PD, with a lower risk in the treated group. It should be
noted that this same population had previously shown
an increased risk of PD in those subjects diagnosed
with HCV [57], further discussed below. A recent
Mendelian randomization (MR) study did not support
the notion that long-term blockade of TNF signal-
ing affected the risk of PD in the general population.
In this study, investigators focused on the associ-
ation between single nucleotide polymorphisms in
the vicinity of the gene TNFRSF1A (which encodes
TNFR1, the principal effector of proinflammatory
signaling following TNF agonism) and circulating
markers of systemic inflammation. Data on select
variants was then combined with corresponding asso-
ciation statistics from GWAS of PD traits, including
age at disease onset and risk of PD (measured as
self-reported or clinically ascertained disease). TNF-
TNFR1 signaling inhibition was not estimated to

affect PD risk or age at onset [58]. One important
caveat is that TNF inhibition on direct measures of PD
progression were not tested in this study, it still high-
lights the value of MR studies as an approach to help
answer these questions. In MR, exposure is defined
on the presence or absence of a specific allele, that
influences the risk factor of interest. In this way, MR
can avoid many of the typical biases that impact tra-
ditional epidemiological approaches. As such, tools
such as MR can aid in causal inference related to
many of these proposed immune risk factors [59, 60].

INFECTION AND PD

Infectious agents may contribute to PD by eliciting
an inflammatory response. Peripheral infections may
enhance neurodegeneration either via direct toxicity
of bacteria or viral toxins or by circulating cytokines
[61]. Neurotropic infectious agents could cause direct
damage to brain regions affected by PD, increas-
ing susceptibility [62]. It may also be that increased
oxidative stress with age can render neurons vul-
nerable to the toxicity of infectious agents [62]. In
addition, it is a commonly observed phenomenon that
PD patients with viral or bacterial infections exhibit
deterioration of both motor and cognitive function,
suggesting that inflammation caused by infection
may be a contributor to disease (for review, see [5]).
Table 1 includes a summary of recent studies examin-
ing associations between PD and various infections.

There are a number of viral infections that have
been studied for their association with PD. Pan-
demic outbreaks in the past century have been
associated with encephalitis with parkinsonian fea-
tures (for review, see [63]), and it has been noted
that that the common feature is the induction of a
systemic infection characterized by production of sig-
nificantly high levels of cytokines and chemokines
(for review, see [62]). However, evidence against
high levels of cytokines and chemokines being suf-
ficient to cause PD is provided by one study that
did not show an association between severe infec-
tions including sepsis and future risk of PD [64].
The association between PD and influenza remains
controversial. A meta-analysis combining data from
four small case-control studies found no significant
association between influenza infection and PD, with
many of these studies including at least a decade of
follow-up [65]. A case-control study from the Dan-
ish National Patient Registry ascertained influenza
infection between 1977 and 2016 and showed that
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influenza diagnosed at any time during the calendar
year was associated with PD more than 10 years later;
interestingly no association was found for pneumo-
nia or other respiratory infections [66]. While this
study provides evidence for an association, as with
any observational study design, causality remains to
be established.

Serological evidence of prior infection among
people with PD compared with those without has pro-
vided support for associations with several viruses.
For example, a study showed that HSV1 peptides
and alpha-synuclein peptides were cross recognized
in PD patients. In this same study, PD patients had
higher levels of antibodies against HSV-1 peptides
compared to individuals without PD [67]. Data from
epidemiological studies showed that seropositivity
for EBV was higher in parkinsonian patients than in
the general population [68]. This was explored in a
recent study that reported the presence of antibodies
against cytomegalovirus, Epstein Barr virus, herpex
simplex virus type 1, Borrelia burgdorferi, Chlamy-
dophila pneumoniae, and Helicobacter pylori (H.
pylori) in serum was associated with PD diagnosis
[69]; nonetheless further studies will be needed to
clarify a causative role. Additionally, the potential
role of medications used to treat infection, as well
as the interaction between genetic predisposition and
infectious exposure in the pathogenesis of PD remain
to be studied.

Hepatitis B (HBV) and HCV have also been inves-
tigated for their association with PD. HCV infection
includes a myriad of extrahepatic inflammatory and
immune mediated reactions. The currently available
epidemiologic evidence suggests a small, positive
association between HCV and future development
of PD. A large prospective study from the Taiwan
national health insurance research database showed
an association between prior diagnosis of HCV and
an increased risk of subsequent PD [57]. Similarly,
a UK-based study reported an association for both
HCV and HBV. Finally, a population-study in Israel
also reported a significantly increased risk for both
HCV and for HBV [70].

Bacterial production of pro-inflammatory and neu-
rotoxic factors could also play a role in the cascade
of events leading to neurodegeneration. Nonetheless,
there is less epidemiological evidence for associa-
tions between bacterial infection and PD compared
to viral infections. Infection with H. pylori has been
associated with PD. A large meta-analysis reported a
1.5- 2-fold increased risk of developing PD after H.
pylori infection [71]. A prospective cohort study uti-

lizing health claims data of the largest German health
insurer, describes a significantly higher cumulative
incidence of PD in those individuals with history of
gastrointestinal infection, with the most frequent con-
ditions being infectious gastroenteritis and colitis of
unspecified origin [72]. This is of interest given the
potential role of the gut microbiome, as mentioned in
the preceding sections.

Given the above, there is some evidence that infec-
tion, particularly viral infection, may contribute to the
etiology of PD in some individuals. This could align
with the fact that symptoms of PD and other neurode-
generative diseases worsen in the context of infection
and metabolic stress. The challenges in analyzing this
association include the timing and relative impact
of multiple infectious exposures over a lifetime, the
wide variety of infectious agents and infection sever-
ity.

CONCLUSION AND FUTURE
DIRECTIONS

Various lines of indirect epidemiological evidence
lend support for a role of the immune system
and inflammatory pathways in PD pathophysiology.
As noted above, GWAS studies show evidence of
shared genetic pathways between PD and different
autoimmune conditions, including RA, CD, and UC.
LRRK2, the most common genetic cause of PD, is
also a significant risk factor for CD. Epidemiologi-
cal studies also show an increased risk of developing
PD in individuals with an underlying autoimmune
condition. Conditions with a significant immune
component, including T2DM and IBS have also been
proposed to represent a higher risk of developing PD.
Additionally, immunosuppressant medications show
an inverse association with the risk of developing PD.
Nonetheless, there are still many uncertainties that
need to be addressed. In addition, for many of these
studies there is a risk for surveillance bias, misclassi-
fication due to reliance on administrative diagnostic
codes and unmeasured confounders (medications,
comorbidities), asking for cautious interpretation of
the published data.

The direction of association between PD and
inflammation is yet to be determined. Epidemiolog-
ical studies may be helpful to explore this question.
Well-designed cohorts can provide additional data on
temporal association between inflammatory response
and the development of PD symptoms. In particu-
lar, the study of deeply phenotyped prodromal PD
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cohorts will be crucial to establish a sequence of
events.

The role of immunomodulatory treatments of
immune-mediated conditions as a possible con-
founder is understudied and requires further analysis.
The role of immunosuppressant medications has been
explored, mainly as part of cohort studies establish-
ing a link between PD and other conditions (e.g., CD,
UC, or HCV). In this area, further studies are needed
to ascertain if the proposed effect on PD is limited to
a specific immunosuppressant or if it is a class effect.

Epidemiological evidence is most robust as it per-
tains to autoimmune conditions and PD; with most
studies focusing on IBD. Future studies focusing
on other autoimmune conditions may be beneficial
to best understand the specific immune components
driving this association. A clearer understanding of
the specific genetic variants that overlap between PD
and immune conditions and their effect on basal gan-
glia circuits is also necessary.

One salient observation emerging from this review
is the fact that, while there is abundance of litera-
ture on animal and cell models exploring the role
of the immune system on PD, epidemiological stud-
ies (i.e., population studies and genetic epidemiology
studies) are less common and most focus on spe-
cific conditions such as IBD and immunosuppressant
medication use. In this way, one of the biggest impedi-
ments to drawing conclusions is a lack of high-quality
epidemiological studies.

We acknowledge that these studies may pose
design difficulties, including exposure ascertainment,
latency, duration, and confounding factors such as
vaccination, treatment, and co-infection. Nonethe-
less, the use of well characterized cohorts such as
the Parkinson Progression Marker Initiative (PPMI)
[73] or the UK Biobank [74] may aid in conduct-
ing these analyses. These cohorts provide access to
longitudinal clinical and biological data which can
be leveraged to characterize immune system changes
and their association not only with motor symptom
onset (e.g., in Prodromal cohort) but also with dis-
ease progression. Genetic data can be used for novel
epidemiological study designs such as MR.

We emphasize the need to study these associations
in diverse populations. It is encouraging to see that
many of these studies already include populations
from Asia. Nonetheless, the inclusion of other eth-
nic and racial groups, such as Hispanic, African, and
African American populations, is still lacking. This is
an urgent need in our field which is necessary to better
understand these associations and their possible con-

tributions to disease onset and progression. This is of
particular importance when considering autoimmune
conditions, since there is previous data suggesting
these are less common in non-European populations.

It is also worth considering that most studies have
used PD as one condition. We now understand that
there is considerable heterogeneity within “PD” and
immune system changes may be a possible marker
to distinguish those individuals with an important
immune component and aid in tailoring future inter-
ventions. This will be of particular importance when
designing and testing medications that target the
immune system in PD. It has been proposed that
recruitment of selective cohorts, in this case identi-
fied by markers of immune dysfunction, could ensure
that putative therapies are tested only in those most
likely to respond [75].

Future studies assessing the role of inflammation
in the prodromal period vs after disease diagnosis are
necessary, for example by studying non-manifesting
LRRK2 or GBA carriers or REM Sleep Behavior dis-
orders cohorts. Analyses of the association between
the immune system and disease progression is also
important, particularly to determine whether the
immune system might be targeted with interventions
aimed to modify established PD.
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