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IMPORTANCE The prodromal phase of Parkinson disease (PD) may last for more than 10
years. Recognition of the spectrum and occurrence of risk factors, comorbidities, and
prodromal features of PD can increase understanding of the causes and development of the
disease and help identify individuals at risk.

OBJECTIVE To identify the association of a subsequent diagnosis of PD with a range of risk
factors and prodromal features, including lifestyle factors, comorbidities, and potential
extracerebral manifestations of PD.

DESIGN, SETTING, AND PARTICIPANTS This was a case-control study using insurance claims of
outpatient consultations of patients with German statutory health insurance between
January 1, 2011, and December 31, 2020. Included were patients with incident diagnosis of PD
without a previous diagnosis of parkinsonism or dementia and controls matched 1:2 for age,
sex, region, and earliest year of outpatient encounter.

EXPOSURES Exposures were selected based on previous systematic reviews, case-control and
cohort studies reporting on risk factors, comorbidities, and prodromal features of PD.

MAIN OUTCOMES AND MEASURES Previously postulated risk factors and prodromal features of
PD, using the International Statistical Classification of Diseases and Related Health Problems,
Tenth Revision (ICD-10) coding.

RESULTS A total of 138 345 patients with incident PD (mean [SD] age, 75.1 [9.8] years; 73 720
male [53.3%]) and 276 690 matched controls (mean [SD] age, 75.1 (9.8) years; 147 440 male
[53.3%]) were identified. Study participants were followed up for a mean (SD) of 6.0 (2.0)
years. Consistent with previous reports, risk factors and prodromal features associated with
PD included traumatic brain injury, odds ratio (OR), 1.62; 95% CI, 1.36-1.92; alcohol misuse,
OR, 1.32; 95% CI, 1.21-1.44; hypertension, OR, 1.29; 95% CI, 1.26-1.31; anosmia, OR, 2.16; 95%
CI, 1.59-2.93; and parasomnias (including RBD), OR, 1.62; 95% CI, 1.42-1.84. In addition, there
were associations with restless legs syndrome (OR, 4.19; 95% CI, 3.91-4.50), sleep apnea (OR,
1.45; 95% CI, 1.37-1.54), epilepsy (OR, 2.26; 95% CI, 2.07-2.46), migraine (OR, 1.21; 95% CI,
1.12-1.29), bipolar disorder (OR, 3.81; 95% CI, 3.11-4.67), and schizophrenia (OR, 4.48; 95% CI,
3.82-5.25). The following diagnoses were also found to be associated with PD: sensory
impairments beyond anosmia, such as hearing loss (OR, 1.14; 95% CI, 1.09-1.20) and changes
of skin sensation (OR, 1.31; 95% CI, 1.21-1.43). There were also positive associations with skin
disorders (eg, seborrheic dermatitis, OR, 1.30; 95% CI, 1.15-1.46; psoriasis, OR, 1.13; 95% CI,
1.05-1.21), gastrointestinal disorders (eg, gastroesophageal reflux, OR, 1.29; 95% CI, 1.25-1.33;
gastritis, OR, 1.28; 95% CI, 1.24-1.33), conditions with a potential inflammatory component
(eg, seronegative osteoarthritis, OR, 1.21; 95% CI, 1.03-1.43), and diabetes types 1 (OR, 1.32;
95% CI, 1.21-1.43) and 2 (OR, 1.24; 95% CI, 1.20-1.27). Associations even 5 to 10 years before
diagnosis included tremor (odds ratio [OR], 4.49; 95% CI, 3.98-5.06), restless legs syndrome
(OR, 3.73; 95% CI, 3.39-4.09), bipolar disorder (OR, 3.80; 95% CI, 2.82-5.14), and
schizophrenia (OR, 4.00; 95% CI, 3.31-4.85).

CONCLUSIONS AND RELEVANCE Results of this case-control study suggest that the
associations found between PD and certain risk factors, comorbidities, and prodromal
symptoms in a representative population may reflect possible early extrastriatal and
extracerebral pathology of PD. This may be due to shared genetic risk with PD, medication
exposure, or direct causation, or represent pathophysiologically relevant factors contributing
to the pathogenesis of PD.
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P rodromal features of Parkinson disease (PD) can start
more than a decade before the typical clinical symp-
toms allow a diagnosis.1,2 In addition, there is increas-

ing evidence for a number of possible risk factors that may pre-
dispose to the manifestation of the disease or facilitate
development or spread of pathological lesions. These risk fac-
tors include well-known genetic or environmental risk fac-
tors but also diabetes type 2 or gastric pathology, which may
increase spread of pathology from the enteric nervous sys-
tem via the vagal nerve to the central nervous system.3,4 The
recognition of such risk factors and prodromal features of PD
together with the presence of Lewy body pathology in periph-
eral organs and early extrastriatal brain pathology several years
before PD diagnosis have widened our understanding of the
development of the disease. Specifically, these findings sug-
gest that disease onset may not only occur in the brain but also
in gastrointestinal and other extracerebral systems.5,6 These
insights have also offered the opportunity to explore early bio-
markers and mechanisms of pathogenesis. To date, the best-
established prodromal features are subtle motor symptoms,
rapid eye movement sleep behavior disorder (RBD; a rare but
highly specific condition),7,8 hyposmia/anosmia (a common
and relatively nonspecific feature),9,10 neuropsychiatric mani-
festations (eg, depression and anxiety), autonomic features (eg,
constipation and urinary and sexual dysfunction), dizziness
and fatigue, and pain.1 However, other prodromal features have
been suggested but with little or divergent evidence. Some may
reflect striatal or extrastriatal involvement like restless legs
syndrome11,12 and cognitive changes13 or early deposition of
α-synuclein aggregates in peripheral tissues, including skin.14-17

Several studies have suggested that infections with cytomega-
lovirus or Epstein-Barr virus may predate the diagnosis of PD
and may represent triggers, risk factors, or causes of the on-
set of PD.18-21 Additional associations with potential risk fac-
tors include lack of a smoking history, a family history of PD,
tremor, or head trauma.4 Associations are less consistent or di-
vergent with dietary factors,22 alcohol intake,23-25 choles-
terol levels,26-28 and hypertension4,29 as well as with type 2
diabetes,30-32 osteoarthritis, and inflammatory bowel
disease.33-35 Finally, other studies have suggested associa-
tions with schizophrenia,36,37 bipolar disorder,38,39

epilepsy,40,41 and migraine.42-44 Although some studies indi-
cate that the association with schizophrenia prevails even when
excluding drug-induced parkinsonism,36,37 at least part of the
associations with these diseases may be due to medications
known to be associated with drug-induced parkinsonism.

Most studies to date include relatively small sample sizes
that may have missed subtle associations, included a limited
number of exposures precluding comparisons in terms of
strength and timeline of association, or are retrospective stud-
ies and limited by recall bias. Availability of large data sets, col-
lected in routine care, enables the detection and comparison
of subtle associations of multiple risk factors, which may oth-
erwise not be identified. Here, we used a routine-care data-
base comprising insurance claims of outpatient consulta-
tions in the German statutory health insurance (covers 87%
of all inhabitants of Germany) to analyze data over a 10-year
period.

Methods

Study Design
This was a case-control study using insurance claims of out-
patient consultations of patients with German statutory health
insurance and incident PD identified between January 1, 2011,
and December 31, 2020, using general and specialist practice
data from a source population of 72 842 190 people in 2020.45

The use of claims data for scientific research in Germany is regu-
lated by the Code of Social Law (Sozialgesetzbuch, SGB V). Ethi-
cal approval and informed consent are not required for rou-
tinely collected pseudonymized data. This study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guidelines.

Patients cared for by more than 1 medical professional were
only included once. Individuals were included if at least 3 years
of outpatient data before diagnosis of PD or index date were
available, in order to limit the possibility of including patients
with a previous diagnosis of PD that was first recorded by a new
treating physician during the patient registration period. Thus,
cases of newly diagnosed PD and controls were identified in the
data set from January 1, 2014, to December 31, 2020, if they at-
tended 1 or more outpatient visits in the respective year and also
received outpatient services at least 1 time 3 years before the in-
dex year or earlier. Diagnosis of PD was defined as the pres-
ence of an International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10) diagnostic code
(ICD-10: G20) in more than 1 insurance claim period (3 months)
without a previous diagnosis of parkinsonism (ICD-10: G20, G21,
or G22) in the preceding 3 years. Patients and controls with a
diagnosis of dementia (ICD-10: F03, F00) within the 3 years be-
fore the index date were excluded. We matched cases to con-
trols (1:2) without a diagnosis of PD (ICD-10: G20, G21, or G22)
in the index year or the preceding 3 years, with an index date
within the same 3-month time period as the case’s PD diagno-
sis, and matched for age, sex, geographic region of residence,
and earliest year of outpatient encounter within the study
period.

Key Points
Question What risk factors, comorbidities, and prodromal
symptoms preceded the diagnosis of Parkinson disease (PD) in a
large representative routine-care database?

Findings In this case-control study of 138 345 patients with
incident PD and 276 690 matched controls, an increased risk of
PD was associated with a range of risk factors, comorbidities, and
prodromal features, particularly tremor, restless legs syndrome,
and both schizophrenia and bipolar disorder; comorbidities such
as diabetes types 1 and 2, epilepsy, sensory skin disturbances, and
gastrointestinal disorders; and risk factors such as alcohol misuse
and traumatic head injury.

Meaning These associations may reflect possible early
extrastriatal and extracerebral pathology of PD; risk factors due to
shared genetic risk with PD, medication exposure, or direct
causation; or may represent pathophysiologically relevant factors
contributing to the pathogenesis of PD.

Research Original Investigation Widening the Spectrum of Risk Factors, Comorbidities, and Prodromal Features of Parkinson Disease

162 JAMA Neurology February 2023 Volume 80, Number 2 (Reprinted) jamaneurology.com

Downloaded From: https://jamanetwork.com/ on 10/31/2023

http://www.equator-network.org/reporting-guidelines/strobe/
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3902


Data on the presence of defined diagnoses with a potential
association with subsequent diagnosis of PD, identified from a
review of the literature, were then extracted for each individual
from general practice data, both for each year and grouped for
the periods less than 1 year, 2 to 4 years, and 5 to 10 years before
indexdate, independentofcalendaryearandfirstonset.Thetime
slicing was oriented on previous studies.1 ICD codes for poten-
tial prodromal features, risk factors, and comorbidities were de-
fined as described in eTable 1 in the Supplement. This list origi-
nated from the literature review and discussion with PD experts.
Only prodromal features, risk factors, and comorbidities coded
by general practitioners were included in this analysis.

Statistical Analysis
Odds ratios (ORs) were calculated for potential prodromal fea-
tures of PD in the year before index date and pooled for the pe-
riods 2 to 4 years and 5 to 10 years before index date. The 95%
CIs were calculated using the method by Altmann46 with con-
servative Bonferroni adjustment for multiple comparisons. Sta-
tistical significance was assumed when the 95% CI of the OR did
not overlap the null value (eg, OR = 1.0). Statistical analyses were
performed using SAS, version 9.4 (SAS Institute).

Results
A total of 138 345 patients with incident PD (mean [SD] age, 75.1
[9.8] years; 73 720 male [53.3%]; 64 625 female [46.7%]) in the
period between 2014 and 2020 and 276 690 matched con-
trols (mean [SD] age, 75.1 (9.8) years; 147 440 male [53.3%];
129 250 female [46.7%]) were identified. Their demographic
characteristics for each time period are given in the Table. Mean
(SD) follow-up time was 6.0 (2.0) years in both cases and con-
trols. A total of 102 360 patients (74%) with PD and 27 652 con-
trols (10%) were examined by a neurologist during the insur-
ance quarter of diagnosis. The following presentation of the
results is grouped according to the role of a factor as possible
prodrome of disease or as risk or comorbid factor.

Suspected Prodromal Presentations of PD
There were positive associations for the overall observation
period with a subsequent diagnosis of PD for the motor fea-

tures of tremor (OR, 11.38; 95% CI, 10.51-12.32), gait impair-
ment (OR, 1.90; 95% CI, 1.83-1.98) (Figure 1), stiffness of
joints (OR, 1.32; 95% CI, 1.17-1.50), shoulder pain (OR, 1.15;
95% CI, 1.06-1.24), and neck pain (OR, 1.16; 95% CI, 1.12-1.20)
(eFigure in the Supplement). The autonomic presentations of
dizziness (OR, 1.60; 95% CI, 1.55-1.66), postural hypotension
(OR, 1.40; 95% CI, 1.32-1.49), constipation (OR, 1.84; 95% CI,
1.76-1.93), features of sexual dysfunction (OR, 1.20; 95% CI,
1.11-1.30), and neurogenic bladder (OR, 1.72; 95% CI, 1.52-
1.94) also revealed positive associations with a diagnosis of
PD. In addition, there were associations between the follow-
ing features and PD: fatigue (OR, 1.43; 95% CI, 1.37-1.50); the
neuropsychiatric presentations of depression (OR, 1.86; 95%
CI, 1.81-1.92) (Figure 2), anxiety (OR, 1.65; 95% CI, 1.57-1.74),
and memory problems (OR, 1.72; 95% CI, 1.59-1.85); the sleep
disorders of restless leg syndrome (OR, 4.19; 95% CI, 3.91-
4.50), parasomnias (including RBD; OR, 1.62; 95% CI, 1.42-
1.84), sleep apnea (OR, 1.45; 95% CI, 1.37-1.54), insomnia (OR,
1.40; 95% C,I 1.31-1.49), other sleep disorders (OR, 1.41; 95%
CI, 1.35-1.47), and, although rare, hypersomnia (OR, 2.16;
95% CI, 1.27-3.68) (eTable 3 in the Supplement). Further, for
sensory changes including anosmia (OR, 2.16; 95% CI, 1.59-
2.93), hearing loss (OR, 1.14; 95% CI, 1.09-1.20), alterations in
skin sensation (OR, 1.31; 95% CI, 1.21-1.43), nonspecific pain
(OR, 1.13; 95% CI, 1.09-1.17), and subjective visual distur-
bance (OR, 1.26; 95% CI, 1.01-1.57) and for diagnoses of the
skin conditions seborrheic dermatitis (OR, 1.30; 95% CI, 1.15-
1.46) (Figure 3), psoriasis (OR, 1.13; 95% CI, 1.05-1.21), and
dermatophytosis (OR, 1.25; 95% CI, 1.19-1.32), there were
positive associations with a diagnosis of PD.

Association With Suspected Risk Factors and Comorbidities
There was an increased OR for preceding alcohol misuse (OR,
1.32; 95% CI, 1.21-1.44) and traumatic brain injury (OR, 1.62;
95% CI, 1.36-1.92) as well as for hypertension (OR, 1.29; 95%
CI, 1.26-1.31) and hypercholesterinemia (OR, 1.11; 95% CI, 1.08-
1.13) (Figure 4). However, there was a reduced OR for nicotine
misuse (OR, 0.92; 95% CI, 0.86-0.98) with PD. In addition, both
diabetes type 1 (OR, 1.32; 95% CI, 1.21-1.43) and type 2 (OR, 1.24;
95% CI, 1.20-1.27) were associated with a subsequent diagno-
sis of PD overall and in all time periods before diagnosis of PD
(eTable 2 in the Supplement; Figure 1).

Table. Characteristics of Patients With Incident Parkinson Disease and Controls

Variable

Total

Retrospective data

With 1 y With 2-4 y With 5-10 y

Cases Controls Cases Controls Cases Controls Cases Controls
No. 138 345 276 690 138 345 276 690 138 345 276 690 106 957 213 914

Sex, No. (%)

Female 64 625
(46.7)

129 250
(46.7)

64 625
(46.7)

129 250
(46.7)

64 625
(46.7)

129 250
(46.7)

49 656
(46.4)

99 312
(46.4)

Male 73 720
(53.3)

147 440
(53.3)

73 720
(53.3)

147 440
(53.3)

73 720
(53.3)

147 440
(53.3)

57 301
(53.6)

114 602
(53.6)

Age at index
date, mean (SD)
[range], y

75.1 (9.8)
[40-105]

75.1 (9.8)
[40-105]

75.1 (9.8)
[40-105]

75.1 (9.8)
[40-105]

75.1 (9.8)
[40-105]

75.1 (9.8)
[40-105]

75.14 (9.8)
[40-105]

75.1 (9.8)
[40-104]

Follow-up time,
mean (SD), ya

6.0 (2.0) 6.0 (2.0) 6.0 (2.0) 6.0 (2.0) 6.0 (2.0) 6.0 (2.0) 6.7 (1.6) 6.7 (1.6)

a Time from first recorded outpatient visit during observation period to index date.
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Associations for comorbidities with PD were found for
the diagnoses of schizophrenia (OR, 4.48; 95% CI, 3.82-
5.25) and bipolar disorder (OR, 3.81; 95% CI, 3.11-4.67), with
increased ORs also for epilepsy (OR, 2.26; 95% CI, 2.07-
2.46), migraine (OR, 1.21; 95% CI, 1.12-1.29), osteoarthritis
(OR, 1.20; 95% CI, 1.17-1.23), seropositive inflammatory
arthritis (OR, 1.21; 95% CI, 1.03-1.43), and other inflamma-
tory arthritis (OR, 1.19; 95% CI, 1.11-1.27). There was also an

increased OR for the gastrointestinal comorbidities of gas-
troesophageal reflux disease (OR, 1.29; 95% CI, 1.25-1.33),
gastritis (OR, 1.28; 95% CI, 1.24-1.33), and gastric ulcer (OR,
1.24; 95% CI, 1.12-1.37), with less-consistent associations
over time periods for duodenal ulcer (OR, 1.13; 95% CI, 1.00-
1.29), Crohn disease (OR, 1.21; 95% CI, 0.99-1.48), and ulcer-
ative colitis (OR, 1.23; 95% CI, 1.06-1.43). There was no sig-
nificant association in any time period for gastrojejunal

Figure 1. Prevalence of Motor, Sensory, and Autonomic Presentations Most Strongly Associated With Parkinson Disease (PD) by Year Before Diagnosis
Compared With Controls
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ulcer (OR, 1.25; 95% CI, 0.81-1.92) and peptic ulcer (OR, 1.34;
95% CI, 0.97-1.86). There was no significant association for
cytomegaloviral disease (OR, 1.05; 95% CI, 0.61-1.79) and
infectious mononucleosis (OR, 1.46; 95% CI, 0.94-2.25), but
these were rare.

Discussion

In this large, representative, case-control study of PD based
on claims data, we found a number of previously known

Figure 2. Prevalence of Sleep and Psychiatric Presentations Associated With Parkinson Disease (PD) by Year Before Diagnosis
Compared With Controls
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early features and a range of previously unreported or con-
troversial associations with subsequent diagnosis of PD.
Among the early motor features, there were associations
observed for tremor, which had a relatively high prevalence
in those with a subsequent diagnosis of PD but rarely
occurred in the control population (<1%). Changes in gait
were common in both the PD and the control population but,
together with shoulder pain and neck pain, were already

increased 5 years before diagnosis, whereas detection of joint
stiffness as a marker of rigidity was relatively uncommon
before diagnosis. Consistent with previous reports,1 we
found associations with neuropsychiatric features of early
and prodromal PD, including depression and less commonly,
anxiety,1 notably even in the earliest prediagnostic period.
Interestingly, these neuropsychiatric features included
memory complaints even more than 5 years before diagnosis,

Figure 3. Prevalence of Some Comorbidities Associated With Parkinson Disease (PD) by Year Before Diagnosis Compared With Controls
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albeit much less commonly than depression or anxiety.
Among the autonomic features, dizziness was present in
more than 10% of patients more than 5 years before diagnosis
of PD. Hypotension was relatively rare overall but more fre-
quent in subsequent PD cases than in controls in all time
periods. Possible interactions of hypotension with medica-
tion could not be assessed with our data. Constipation was
only present in a relatively small proportion of patients

before diagnosis of PD in this study, which was lower than in
previous studies1,2 and may be due to underreporting. Sexual
dysfunction and symptoms of neurogenic bladder distur-
bances had a low prevalence but were more frequently
reported than in controls across all time periods. All sleep
disorders were more common in the group with subsequent
PD than in controls, including diagnostic codes used for para-
somnias. This diagnostic code also covers RBD for which no

Figure 4. Prevalence of Other Risk Factors Associated With Parkinson Disease (PD) by Year Before Diagnosis Compared With Controls
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specific code was available. However, other sleep distur-
bances, including insomnia, were also more commonly
diagnosed before PD diagnosis as previously reported.1,47

RBD is thought to affect approximately 1% of the general
population,48 but the condition is probably undiagnosed in
the majority of patients because symptoms of RBD or other
sleep disturbances are often underreported and undervalued
in routine care. Furthermore, it is possible that diagnoses of
sleep disorders, including parasomnias, nightmares, and
insomnia, reflect underlying RBD, which would require spe-
cific questioning and polysomnography for a definite diagno-
sis. Sleep apnea has also been reported to be increased in
patients with PD and been associated with risk of subsequent
PD.49,50 Although information on diagnostic test results was
not available, our study results also suggested an associated
increased risk of a clinical diagnosis of sleep apnea in cases
with a subsequent diagnosis of PD. Hypersomnia, although
more common in those with subsequent diagnosis of PD, was
not frequently diagnosed. This may have been due to low
prevalence, underdiagnosis, or underreporting of symptoms
by patients. The most common occurrence of all sleep disor-
ders associated with subsequent PD occurred for restless legs
syndrome, which was at least 4 times more commonly diag-
nosed in those with subsequent PD than in controls and was
also relatively frequent (4%-6% of patients). Although rest-
less legs syndrome is recognized as a feature of PD (it may be
of heterogeneous origin51), it is also common in the general
population. Thus far, there has been controversial evidence
for an association of restless legs syndrome and subsequent
PD.11,12,52 Among the sensory systems, hyposmia is recog-
nized to be almost universally present in established PD
and predates the diagnoses often by many years or
decades.10,53-55 However, it rarely leads to subjective com-
plaints severe enough to require medical attention. Never-
theless, we found that anosmia, the most severe form of loss
of sense of smell, was more common in those with subse-
quent diagnosis of PD, albeit rare (<1%), in all examined time
periods. We also found that hearing loss, a relatively common
disorder in the general population, was more prevalent in
those with subsequent diagnosis of PD than in controls, even
more than 5 years before diagnosis. Although an association
of hearing loss with Alzheimer disease has long been
recognized,56,57 this has only rarely been reported for PD.41,58

Subjective visual complaints, which are also common in
PD,59 were not a common feature associated with subsequent
PD. Unspecified pain, another common sensory feature of
PD,60 was present in a large number of patients before the
diagnosis of PD and more common than in controls in all
examined time periods as has been previously reported.1 To
our knowledge, a new finding of this study was an associa-
tion with diagnoses reflecting changes in skin sensation.
Such sensations have been reported in established PD
before61,62 but not as a prodromal feature of PD. If confirmed
in future studies, this may indicate early sensory changes
that reflect central changes in skin perception similar to pain
but may also be linked with skin disorders as outlined subse-
quently. However, as the diagnostic codes used may reflect a
number of different complaints, further research is needed to

identify whether there is a more specific association for some
of these sensory complaints.

Consistent with previous reports,4 results of our study sug-
gest that risk factors such as traumatic brain injury and alco-
hol misuse were positively associated with a diagnosis of PD,
and nicotine use was negatively associated with PD. There was
also an increased OR for previous diagnoses of hypertension
and hypercholesterinemia in those with subsequent diag-
nosis of PD, in keeping with some but not other previous
reports.26-29 Diabetes type 2 has previously been reported to
be associated with subsequent diagnosis of PD, although more
and larger-scale studies were thought to be required,31 and dia-
betes type 1 has not been previously reported to be increased
in patients with PD or before diagnosis. If confirmed, these as-
sociations may represent potentially modifiable risk factors for
PD and may also suggest potential mechanisms contributing
to the evolution of PD. Although vascular pathology may lead
to development of parkinsonian syndromes not related to an
underlying α-synucleinopathy, mendelian randomization and
preclinical studies have suggested that diabetes is causally re-
lated to occurrence and progression of PD.30,31,63

Comorbidities
We found associations of schizophrenia and bipolar disorder
with a subsequent diagnosis of PD, with a 4- to 5-fold in-
crease in risk across all time periods. Although a proportion
of these cases may be due to use of dopamine antagonistic
medications, which cannot always be discontinued when par-
kinsonism occurs, there is also increasing evidence that the use
of antidopaminergics may not be the only driver of these
associations36,37 but rather other factors such as a shared ge-
netic background of both disorders.36,64 A recent study37 that
used several approaches to investigate the association of
schizophrenia with subsequent development of PD (includ-
ing clinical records and diagnoses made by neurologists based
on the UK Brain Bank or the Movement Disorder Society clini-
cal criteria with follow-up over several years, the use of time
limits for diagnosis and patient age, and the exclusion of pa-
tients with secondary parkinsonism) showed a clear associ-
ated increased risk of PD in those with schizophrenia, with ab-
normal DaTscans in those examined. Our own study, however,
did not allow us to identify the medication of the cases to test
this assumption further, and it is likely that at least some of
the association is nevertheless secondary to the use of dopa-
mine antagonistic medication. Similar confounding may partly
contribute to the greater than 2-fold increased associated risk
of epilepsy in the prediagnostic period, related to the use of
the antiepileptic sodium valproate, and the less-pronounced
but consistent increased rate of migraine in all prediagnostic
time periods. It is also possible that patients with these diag-
noses are more likely to be diagnosed with PD as they are al-
ready under neurologic or other medical follow-up care ex-
plaining some of the increase in risk.

In addition to the changes in skin sensation previously dis-
cussed, there was an association with a number of skin disor-
ders that were examined because of their previously re-
ported association with established or prodromal PD.15,65 These
included not only seborrheic dermatitis, which is common in
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PD, but also psoriasis and dermatophytosis, reflecting fungal
infection of the skin. Although the diagnostic certainty of these
diagnoses is not known, these findings suggest early skin in-
volvement, eg, through deposition of α-synuclein, which has
been suggested to provide a means for early diagnosis through
skin biopsy.17,66,67 Given the interest in the early involvement
of the gastrointestinal system, with possible infectious etiol-
ogy and the possible propagation of PD-related pathology
through the vagal nerve, we examined associations of a num-
ber of gastrointestinal diagnoses with subsequent diagnosis of
PD. We did not find a significant association with cytomega-
lovirus disease or infectious mononucleosis, which had been
previously postulated19-21 during the observation period. How-
ever, the rarity of these diagnoses precludes firm conclu-
sions. On the other hand, we found that gastritis, gastroesopha-
geal reflux, gastric ulcer, and, in the most recent time period,
duodenal ulcer, Crohn disease, and ulcerative colitis were as-
sociated with subsequent PD. This suggests that gastrointes-
tinal pathology beyond constipation can occur in the pro-
drome of PD and may reflect early changes in gut motility,
changes in constitution of gastric fluid, altered composition
of the gastrointestinal microbiome, gastric infections, or other
pathologies (in particular, inflammatory disorders). This may
also underlie the association with osteoarthritis and seronega-
tive arthritis, which occurred even more than 5 years before
diagnosis, although misattribution of some early PD symp-
toms to these diagnoses cannot be excluded. Overall, it is pos-
sible that patients who present in the prodromal phase of PD
receive other diagnoses related to increased medical atten-
tion. This possibility of a surveillance bias is an important con-
sideration that has been highlighted previously68 and may ac-
count for some of the less-pronounced associations in the years
leading up to the diagnosis of PD. Taken together with the large
sample size of this study, we therefore suggest cautious inter-
pretation in terms of etiologic inference. Nonetheless, even
these associations still highlight the value of an approach based
on these presentations for identifying persons at higher risk
of PD. Although at present these associations do individually
not allow use for clinical diagnosis or counseling, several ap-
proaches exist that use a combination of prodromal features
and risk factors for research purposes,69-71 and the associa-
tions found in this study could enhance these approaches as
well as support exploration of different phenotypes of PD even
at the earliest stages. Further research should also explore
whether associations found are particularly relevant to sub-
groups of patients with PD, such as those with RBD or anos-
mia, or whether a more generalizable, multisystem pro-
drome exists in the majority of patients with PD.

Strengths and Limitations
This study had several strengths. This was a large case-
control study of PD and is representative of the general popu-
lation of Germany in primary care. It also included informa-
tion on diagnosis of PD from general and specialist practices,
independent of health care professional, providing a compre-
hensive data set of those with a diagnosis of PD. This extends
and confirms our previously reported analysis of some of the
included risk factors and prodromal features of PD in the
German specialist practices.2

This study also had limitations, as it relied on diagnosis
of PD using patient medical records, and application of diag-
nostic criteria was not possible. Although other electronic
health care databases, such as The Health Improvement Net-
work in the UK, have shown acceptable accuracy of primary
care diagnosis of PD using a single diagnostic code,1 albeit
with slightly higher incidence rates,72 no validation study is
available in this data source. The diagnostic codes used for
prodromal features and risk factors may also not always be
accurate or precise, given that the medical records used
were based on a routine care database. These diagnostic
limitations should be taken into account as detailed in the
discussion. We were also not able to access information on
medication and tried to interpret findings cautiously, where
a suspected medication-induced effect is possible. However,
equally unrecognized medication effects may not be
acknowledged, eg, for medications used to treat gastritis or
gastroesophageal reflux. Furthermore, the database only
includes diagnoses made according to ICD-10 codes. More
subtle symptoms or features are likely to have been under-
recognized. It is also important to note that secondary analy-
sis of claims data is not meant to confirm, but rather to gen-
erate, hypotheses on potential associations that can be
tested in subsequent primary studies.

Conclusions
Given the size and study period, we believe that this case-
control study has generated valuable hypotheses on the asso-
ciations found between PD and certain risk factors, comor-
bidities, and prodromal symptoms in a representative
population. These associations may reflect possible early ex-
trastriatal and extracerebral pathology of PD due to shared ge-
netic risk with PD, medication exposure, or direct causation,
or represent pathophysiologically relevant factors contribut-
ing to the pathogenesis of PD. Subtle associations require
future testing in prospective controlled studies.

ARTICLE INFORMATION

Accepted for Publication: August 18, 2022.

Published Online: November 7, 2022.
doi:10.1001/jamaneurol.2022.3902

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2022 Schrag A et al. JAMA Neurology.

Author Affiliations: Department of Clinical and
Movement Neurosciences, University College

London, London, United Kingdom (Schrag); Institut
für Sozialmedizin, Arbeitsmedizin und Public Health
der Medizinischen Fakultät der Universität Leipzig,
Leipzig, Germany (Bohlken); Central Research
Institute of Ambulatory Health Care in Germany,
Department of Epidemiology and Healthcare Atlas,
Berlin, Germany (Dammertz, Akmatov, Bätzing,
Holstiege); Deutsches Zentrum für
Neurodegenerative Erkrankungen Rostock/
Greifswald, Rostock, Germany (Teipel); Department

of Psychosomatic Medicine, University of Rostock,
Rostock, Germany (Teipel); Department of
Neurology, University of Rostock, Rostock,
Germany (Hermann).

Author Contributions: Dr Schrag had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.
Concept and design: Schrag, Bohlken, Teipel,
Akmatov, Bätzing, Holstiege.

Widening the Spectrum of Risk Factors, Comorbidities, and Prodromal Features of Parkinson Disease Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology February 2023 Volume 80, Number 2 169

Downloaded From: https://jamanetwork.com/ on 10/31/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2022.3902?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3902
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3902
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3902


Acquisition, analysis, or interpretation of data:
Schrag, Dammertz, Hermann, Akmatov, Bätzing,
Holstiege.
Drafting of the manuscript: Schrag, Dammertz,
Teipel.
Critical revision of the manuscript for important
intellectual content: Bohlken, Teipel, Hermann,
Akmatov, Bätzing, Holstiege.
Statistical analysis: Schrag, Akmatov, Holstiege.
Administrative, technical, or material support:
Dammertz, Bätzing.
Supervision: Schrag, Bohlken, Teipel, Bätzing,
Holstiege.

Conflict of Interest Disclosures: Dr Schrag
reported receiving a salary from the National
Institute for Health and Care Research (NIHR)
Biomedical Research Council during the conduct of
the study; grants from the NIHR for investigator-led
trials, Movement Disorders Society Development of
the Movement Disorder Society Nonmotor Rating
Scale, and the European Commission for studies on
anxiety in Parkinson disease and care aspects in
Parkinson disease; advisory and speaker fees from
AbbVie; salary from the University College London;
and book royalties from Oxford University Press
outside the submitted work. Dr Teipel reported
receiving advisory board fees from Roche, Eisai,
Biogen, Grifols, and Biogen outside the submitted
work. Dr Hermann reported receiving advisory and
speakers fees from Bukwang Pharmaceutical and
Contera Pharma and personal fees from DZNE
(German Centre for Neurodegenerative Diseases)
outside the submitted work. No other disclosures
were reported.

REFERENCES

1. Schrag A, Horsfall L, Walters K, Noyce A,
Petersen I. Prediagnostic presentations of
Parkinson disease in primary care: a case-control
study. Lancet Neurol. 2015;14(1):57-64.

2. Bohlken J, Schrag A, Riedel-Heller S, Kostev K.
Identification of prodromal presentations of
Parkinson disease among primary care outpatients
in Germany. Neuroepidemiology. 2022;56(1):41-49.

3. Arotcarena ML, Dovero S, Prigent A, et al.
Bidirectional gut-to-brain and brain-to-gut
propagation of synucleinopathy in nonhuman
primates. Brain. 2020;143(5):1462-1475.

4. Noyce AJ, Bestwick JP, Silveira-Moriyama L,
et al. Meta-analysis of early nonmotor features and
risk factors for Parkinson disease. Ann Neurol. 2012;
72(6):893-901.

5. Borghammer P. How does Parkinson disease
begin: perspectives on neuroanatomical pathways,
prions, and histology. Mov Disord. 2018;33(1):48-57.

6. Horsager J, Andersen KB, Knudsen K, et al.
Brain-first versus body-first Parkinson disease:
a multimodal imaging case-control study. Brain.
2020;143(10):3077-3088.

7. Fereshtehnejad SM, Yao C, Pelletier A,
Montplaisir JY, Gagnon JF, Postuma RB. Evolution
of prodromal Parkinson disease and dementia with
Lewy bodies: a prospective study. Brain. 2019;142
(7):2051-2067.

8. Iranzo A, Tolosa E, Gelpi E, et al.
Neurodegenerative disease status and postmortem
pathology in idiopathic rapid-eye-movement sleep
behaviour disorder: an observational cohort study.
Lancet Neurol. 2013;12(5):443-453.

9. Marrero-González P, Iranzo A, Bedoya D, et al.
Prodromal Parkinson disease in patients with
idiopathic hyposmia. J Neurol. 2020;267(12):3673-
3682.

10. Jennings D, Siderowf A, Stern M, et al; PARS
Investigators. Imaging prodromal Parkinson
disease: the Parkinson Associated Risk Syndrome
Study. Neurology. 2014;83(19):1739-1746.

11. Iwaki H, Hughes KC, Gao X, Schwarzschild MA,
Ascherio A. The association between restless legs
syndrome and premotor symptoms of Parkinson’s
disease. J Neurol Sci. 2018;394:41-44.

12. Trenkwalder C, Allen R, Högl B, Paulus W,
Winkelmann J. Restless legs syndrome associated
with major diseases: a systematic review and new
concept. Neurology. 2016;86(14):1336-1343.

13. Fengler S, Liepelt-Scarfone I, Brockmann K,
Schäffer E, Berg D, Kalbe E. Cognitive changes in
prodromal Parkinson disease: a review. Mov Disord.
2017;32(12):1655-1666.

14. Sharabi Y, Vatine GD, Ashkenazi A. Parkinson
disease outside the brain: targeting the autonomic
nervous system. Lancet Neurol. 2021;20(10):868-
876.

15. Scott GD, Lim MM, Drake MG, Woltjer R, Quinn
JF. Onset of skin, gut, and genitourinary prodromal
Parkinson disease: a study of 1.5 million veterans.
Mov Disord. 2021;36(9):2094-2103.

16. Doppler K, Antelmi E, Kuzkina A, et al.
Consistent skin α-synuclein positivity in REM sleep
behavior disorder—a 2 center 2- to 4-year follow-up
study. Parkinsonism Relat Disord. 2021;86:108-113.

17. Trivedi DK, Sinclair E, Xu Y, et al. Discovery of
volatile biomarkers of Parkinson disease from
sebum. ACS Cent Sci. 2019;5(4):599-606.

18. Cocoros NM, Svensson E, Szépligeti SK, et al.
Long-term risk of Parkinson disease following
influenza and other infections. JAMA Neurol. 2021;
78(12):1461-1470.

19. Fallahi S, Rostami A, Birjandi M, Zebardast N,
Kheirandish F, Spotin A. Parkinson disease and
Toxoplasma gondii infection: seromolecular assess
the possible link among patients. Acta Trop. 2017;
173:97-101.

20. Woulfe JM, Gray MT, Gray DA, Munoz DG,
Middeldorp JM. Hypothesis: a role for EBV-induced
molecular mimicry in Parkinson disease.
Parkinsonism Relat Disord. 2014;20(7):685-694.

21. Bu XL, Wang X, Xiang Y, et al. The association
between infectious burden and Parkinson disease:
a case-control study. Parkinsonism Relat Disord.
2015;21(8):877-881.

22. Kamel F, Goldman SM, Umbach DM, et al.
Dietary fat intake, pesticide use, and Parkinson
disease. Parkinsonism Relat Disord. 2014;20(1):
82-87.

23. Shermon S, Goldfinger M, Morris A, et al. Effect
of modifiable risk factors in Parkinson disease:
a case-control study looking at common dietary
factors, toxicants, and antiinflammatory
medications. Chronic Illn. Published online September
8, 2021.

24. Zhang D, Jiang H, Xie J. Alcohol intake and risk
of Parkinson disease: a meta-analysis of
observational studies. Mov Disord. 2014;29(6):819-
822.

25. Heilbron K, Jensen MP, Bandres-Ciga S, et al;
23andMe Research Team. Unhealthy behaviours

and risk of Parkinson disease: a mendelian
randomisation study. J Parkinsons Dis. 2021;11(4):
1981-1993.

26. Vikdahl M, Bäckman L, Johansson I, Forsgren L,
Håglin L. Cardiovascular risk factors and the risk of
Parkinson disease. Eur J Clin Nutr. 2015;69(6):729-
733.

27. Miyake Y, Tanaka K, Fukushima W, et al;
Fukuoka Kinki Parkinson’s Disease Study Group.
Case-control study of risk of Parkinson disease in
relation to hypertension, hypercholesterolemia,
and diabetes in Japan. J Neurol Sci. 2010;293(1-2):
82-86.

28. Powers KM, Smith-Weller T, Franklin GM,
Longstreth WT Jr, Swanson PD, Checkoway H.
Dietary fats, cholesterol, and iron as risk factors for
Parkinson disease. Parkinsonism Relat Disord.
2009;15(1):47-52.

29. Savica R, Grossardt BR, Ahlskog JE, Rocca WA.
Metabolic markers or conditions preceding
Parkinson disease: a case-control study. Mov Disord.
2012;27(8):974-979.

30. Chohan H, Senkevich K, Patel RK, et al. Type 2
diabetes as a determinant of Parkinson disease risk
and progression. Mov Disord. 2021;36(6):1420-1429.

31. Liu W, Tang J. Association between diabetes
mellitus and risk of Parkinson disease:
a PRISMA-compliant meta-analysis. Brain Behav.
2021;11(8):e02082.

32. De Pablo-Fernandez E, Goldacre R, Pakpoor J,
Noyce AJ, Warner TT. Association between diabetes
and subsequent Parkinson disease: a record-linkage
cohort study. Neurology. 2018;91(2):e139-e142.

33. Kim GH, Lee CY, Kim TJ, et al. Risk of
neurodegenerative diseases in patients with
inflammatory bowel disease: a nationwide
population-based cohort study. J Crohns Colitis.
2022;16(3):436-443.

34. Gorecki AM, Bakeberg MC, Theunissen F, et al.
Single nucleotide polymorphisms associated with
gut homeostasis influence risk and age-at-onset of
Parkinson disease. Front Aging Neurosci. 2020;12:
603849.

35. Weimers P, Halfvarson J, Sachs MC, et al.
Inflammatory bowel disease and Parkinson disease:
a Nationwide Swedish Cohort Study. Inflamm Bowel
Dis. 2019;25(1):111-123.

36. Kim K, Kim S, Myung W, et al. Shared genetic
background between Parkinson disease and
schizophrenia: a 2-sample mendelian
randomization study. Brain Sci. 2021;11(8):1042.

37. Kuusimäki T, Al-Abdulrasul H, Kurki S, et al.
Increased risk of Parkinson disease in patients with
schizophrenia spectrum disorders. Mov Disord.
2021;36(6):1353-1361.

38. Faustino PR, Duarte GS, Chendo I, et al. Risk of
developing Parkinson disease in bipolar disorder:
a systematic review and meta-analysis. JAMA Neurol.
2020;77(2):192-198.

39. Huang MH, Cheng CM, Huang KL, et al. Bipolar
disorder and risk of Parkinson disease: a nationwide
longitudinal study. Neurology. 2019;92(24):e2735-
e2742.

40. Heilbron K, Noyce AJ, Fontanillas P, Alipanahi
B, Nalls MA, Cannon P; 23andMe Research Team.
The Parkinson phenome-traits associated with
Parkinson disease in a broadly phenotyped cohort.
NPJ Parkinsons Dis. 2019;5:4.

Research Original Investigation Widening the Spectrum of Risk Factors, Comorbidities, and Prodromal Features of Parkinson Disease

170 JAMA Neurology February 2023 Volume 80, Number 2 (Reprinted) jamaneurology.com

Downloaded From: https://jamanetwork.com/ on 10/31/2023

https://www.ncbi.nlm.nih.gov/pubmed/25435387
https://www.ncbi.nlm.nih.gov/pubmed/34724667
https://www.ncbi.nlm.nih.gov/pubmed/32380543
https://www.ncbi.nlm.nih.gov/pubmed/23071076
https://www.ncbi.nlm.nih.gov/pubmed/23071076
https://www.ncbi.nlm.nih.gov/pubmed/28843014
https://www.ncbi.nlm.nih.gov/pubmed/32830221
https://www.ncbi.nlm.nih.gov/pubmed/32830221
https://www.ncbi.nlm.nih.gov/pubmed/31111143
https://www.ncbi.nlm.nih.gov/pubmed/31111143
https://www.ncbi.nlm.nih.gov/pubmed/23562390
https://www.ncbi.nlm.nih.gov/pubmed/32676768
https://www.ncbi.nlm.nih.gov/pubmed/32676768
https://www.ncbi.nlm.nih.gov/pubmed/25298306
https://www.ncbi.nlm.nih.gov/pubmed/30212740
https://www.ncbi.nlm.nih.gov/pubmed/26944272
https://www.ncbi.nlm.nih.gov/pubmed/28980730
https://www.ncbi.nlm.nih.gov/pubmed/28980730
https://www.ncbi.nlm.nih.gov/pubmed/34536407
https://www.ncbi.nlm.nih.gov/pubmed/34536407
https://www.ncbi.nlm.nih.gov/pubmed/33942370
https://www.ncbi.nlm.nih.gov/pubmed/33895068
https://www.ncbi.nlm.nih.gov/pubmed/31041379
https://www.ncbi.nlm.nih.gov/pubmed/34694344
https://www.ncbi.nlm.nih.gov/pubmed/34694344
https://www.ncbi.nlm.nih.gov/pubmed/28602836
https://www.ncbi.nlm.nih.gov/pubmed/28602836
https://www.ncbi.nlm.nih.gov/pubmed/24726430
https://www.ncbi.nlm.nih.gov/pubmed/26037459
https://www.ncbi.nlm.nih.gov/pubmed/26037459
https://www.ncbi.nlm.nih.gov/pubmed/24120951
https://www.ncbi.nlm.nih.gov/pubmed/24120951
https://www.ncbi.nlm.nih.gov/pubmed/34494887
https://www.ncbi.nlm.nih.gov/pubmed/34494887
https://www.ncbi.nlm.nih.gov/pubmed/34494887
https://www.ncbi.nlm.nih.gov/pubmed/34494887
https://www.ncbi.nlm.nih.gov/pubmed/24590499
https://www.ncbi.nlm.nih.gov/pubmed/24590499
https://www.ncbi.nlm.nih.gov/pubmed/34275906
https://www.ncbi.nlm.nih.gov/pubmed/34275906
https://www.ncbi.nlm.nih.gov/pubmed/25514902
https://www.ncbi.nlm.nih.gov/pubmed/25514902
https://www.ncbi.nlm.nih.gov/pubmed/20347450
https://www.ncbi.nlm.nih.gov/pubmed/20347450
https://www.ncbi.nlm.nih.gov/pubmed/18424169
https://www.ncbi.nlm.nih.gov/pubmed/18424169
https://www.ncbi.nlm.nih.gov/pubmed/22674432
https://www.ncbi.nlm.nih.gov/pubmed/22674432
https://www.ncbi.nlm.nih.gov/pubmed/33682937
https://www.ncbi.nlm.nih.gov/pubmed/34291588
https://www.ncbi.nlm.nih.gov/pubmed/34291588
https://www.ncbi.nlm.nih.gov/pubmed/29898968
https://www.ncbi.nlm.nih.gov/pubmed/34499125
https://www.ncbi.nlm.nih.gov/pubmed/34499125
https://www.ncbi.nlm.nih.gov/pubmed/33328979
https://www.ncbi.nlm.nih.gov/pubmed/33328979
https://www.ncbi.nlm.nih.gov/pubmed/29788069
https://www.ncbi.nlm.nih.gov/pubmed/29788069
https://www.ncbi.nlm.nih.gov/pubmed/34439661
https://www.ncbi.nlm.nih.gov/pubmed/33405293
https://www.ncbi.nlm.nih.gov/pubmed/33405293
https://www.ncbi.nlm.nih.gov/pubmed/31609378
https://www.ncbi.nlm.nih.gov/pubmed/31609378
https://www.ncbi.nlm.nih.gov/pubmed/31118242
https://www.ncbi.nlm.nih.gov/pubmed/31118242
https://www.ncbi.nlm.nih.gov/pubmed/30937360
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3902


41. Simonet C, Bestwick J, Jitlal M, et al.
Assessment of risk factors and early presentations
of Parkinson disease in primary care in a diverse UK
population. JAMA Neurol. 2022;79(4):359-369.

42. Hopfner F, Höglinger GU, Kuhlenbäumer G,
et al. β-adrenoreceptors and the risk of Parkinson
disease. Lancet Neurol. 2020;19(3):247-254.

43. Wang HI, Ho YC, Huang YP, Pan SL. Migraine is
related to an increased risk of Parkinson disease:
a population-based, propensity score-matched,
longitudinal follow-up study. Cephalalgia. 2016;36
(14):1316-1323.

44. Wijemanne S, Jankovic J, Evans RW. Movement
disorders from the use of metoclopramide and
other antiemetics in the treatment of migraine.
Headache. 2016;56(1):153-161.

45. Bundesministerium für Gesundheit. Mitglieder
und Versicherte der Gesetzlichen
Krankenversicherung. Accessed March 12, 2022.
https://www.bundesgesundheitsministerium.de/
themen/krankenversicherung/zahlen-und-fakten-
zur-krankenversicherung/mitglieder-und-
versicherte.html

46. Altman DG, Machin D, Bryant TN, Gardner MJ,
eds. Statistics With Confidence: Confidence Intervals
and Statistical Guidelines. 2nd ed. BMJ Books; 2000.

47. Bargiotas P, Schuepbach MW, Bassetti CL.
Sleep-wake disturbances in the premotor and early
stage of Parkinson disease. Curr Opin Neurol.
2016;29(6):763-772.

48. Haba-Rubio J, Frauscher B, Marques-Vidal P,
et al. Prevalence and determinants of rapid eye
movement sleep behavior disorder in the general
population. Sleep. 2018;41(2):zsx197.

49. Crosta F, Desideri G, Marini C. Obstructive
sleep apnea syndrome in Parkinson disease and
other parkinsonisms. Funct Neurol. 2017;32(3):137-
141.

50. Sun AP, Liu N, Zhang YS, Zhao HY, Liu XL. The
relationship between obstructive sleep apnea and
Parkinson disease: a systematic review and
meta-analysis. Neurol Sci. 2020;41(5):1153-1162.

51. Calzetti S, Negrotti A, Pietrini V. Does restless
legs syndrome have a different pathomechanism in

premotor and motor Parkinson disease? J Mov Disord.
2021;14(3):204-207.

52. Wong JC, Li Y, Schwarzschild MA, Ascherio A,
Gao X. Restless legs syndrome: an early clinical
feature of Parkinson disease in men. Sleep. 2014;37
(2):369-372.

53. Hawkes C. Olfaction in neurodegenerative
disorder. Mov Disord. 2003;18(4):364-372.

54. Ponsen MM, Stoffers D, Wolters ECh, Booij J,
Berendse HW. Olfactory testing combined with
dopamine transporter imaging as a method to
detect prodromal Parkinson disease. J Neurol
Neurosurg Psychiatry. 2010;81(4):396-399.

55. Siderowf A, Jennings D, Eberly S, et al; PARS
Investigators. Impaired olfaction and other
prodromal features in the Parkinson at-risk
syndrome study. Mov Disord. 2012;27(3):406-412.

56. Hung SC, Liao KF, Muo CH, Lai SW, Chang CW,
Hung HC. Hearing loss is associated with risk of
Alzheimer disease: a case-control study in older
people. J Epidemiol. 2015;25(8):517-521.

57. Fritze T, Teipel S, Óvári A, Kilimann I, Witt G,
Doblhammer G. Hearing impairment affects
dementia incidence: an analysis based on
longitudinal health claims data in Germany. PLoS One.
2016;11(7):e0156876.

58. Lai SW, Liao KF, Lin CL, Lin CC, Sung FC.
Hearing loss may be a nonmotor feature of
Parkinson disease in older people in Taiwan. Eur J
Neurol. 2014;21(5):752-757.

59. van der Lijn I, de Haan GA, Huizinga F, et al.
Self-reported visual complaints in people with
Parkinson disease: a systematic review. J Parkinsons
Dis. 2022;12(3):785-806.

60. Rodriguez-Blazquez C, Schrag A, Rizos A,
Chaudhuri KR, Martinez-Martin P, Weintraub D.
Prevalence of nonmotor symptoms and nonmotor
fluctuations in Parkinson disease using the
MDS-NMS. Mov Disord Clin Pract. 2020;8(2):231-239.

61. Snider SR, Fahn S, Isgreen WP, Cote LJ. Primary
sensory symptoms in parkinsonism. Neurology.
1976;26(5):423-429.

62. Zhu M, Li M, Ye D, Jiang W, Lei T, Shu K.
Sensory symptoms in Parkinson disease: clinical

features, pathophysiology, and treatment.
J Neurosci Res. 2016;94(8):685-692.

63. Zhang X, Fan Y, Luo Y, Jin L, Li S. Lipid
metabolism is the common pathologic mechanism
between type 2 diabetes mellitus and Parkinson
disease. Int J Med Sci. 2020;17(12):1723-1732.

64. Smeland OB, Shadrin A, Bahrami S, et al.
Genome-wide association analysis of Parkinson
disease and schizophrenia reveals shared genetic
architecture and identifies novel risk loci. Biol
Psychiatry. 2021;89(3):227-235.

65. Lai YC, Yew YW, Lambert WC. Bullous
pemphigoid and its association with neurological
diseases: a systematic review and meta-analysis.
J Eur Acad Dermatol Venereol. 2016;30(12):2007-
2015.

66. Al-Qassabi A, Tsao TS, Racolta A, et al.
Immunohistochemical detection of synuclein
pathology in skin in idiopathic rapid eye movement
sleep behavior disorder and parkinsonism. Mov
Disord. 2021;36(4):895-904.

67. Kuzkina A, Bargar C, Schmitt D, et al. Diagnostic
value of skin RT-QuIC in Parkinson’s disease:
a 2-laboratory study. NPJ Parkinsons Dis. 2021;7(1):
99.

68. Weimers P, Halfvarson J, Sachs MC, et al.
Association between inflammatory bowel disease
and Parkinson disease: seek and you shall find? Gut.
2019;68(1):175-176.

69. Berg D, Postuma RB, Adler CH, et al. MDS
research criteria for prodromal Parkinson disease.
Mov Disord. 2015;30(12):1600-1611.

70. Bestwick JP, Auger SD, Simonet C, et al.
Improving estimation of Parkinson disease risk-the
enhanced PREDICT-PD algorithm. NPJ Parkinsons Dis.
2021;7(1):33.

71. Schrag A, Anastasiou Z, Ambler G, Noyce A,
Walters K. Predicting diagnosis of Parkinson
disease: a risk algorithm based on primary care
presentations. Mov Disord. 2019;34(4):480-486.

72. Horsfall L, Petersen I, Walters K, Schrag A. Time
trends in incidence of Parkinson disease diagnosis
in UK primary care. J Neurol. 2013;260(5):1351-1357.

Widening the Spectrum of Risk Factors, Comorbidities, and Prodromal Features of Parkinson Disease Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology February 2023 Volume 80, Number 2 171

Downloaded From: https://jamanetwork.com/ on 10/31/2023

https://www.ncbi.nlm.nih.gov/pubmed/35254398
https://www.ncbi.nlm.nih.gov/pubmed/31999942
https://www.ncbi.nlm.nih.gov/pubmed/26853806
https://www.ncbi.nlm.nih.gov/pubmed/26853806
https://www.ncbi.nlm.nih.gov/pubmed/26573884
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte.html
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte.html
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte.html
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte.html
https://www.ncbi.nlm.nih.gov/pubmed/27798423
https://www.ncbi.nlm.nih.gov/pubmed/27798423
https://www.ncbi.nlm.nih.gov/pubmed/29216391
https://www.ncbi.nlm.nih.gov/pubmed/29042002
https://www.ncbi.nlm.nih.gov/pubmed/29042002
https://www.ncbi.nlm.nih.gov/pubmed/31897944
https://www.ncbi.nlm.nih.gov/pubmed/34488304
https://www.ncbi.nlm.nih.gov/pubmed/34488304
https://www.ncbi.nlm.nih.gov/pubmed/24497665
https://www.ncbi.nlm.nih.gov/pubmed/24497665
https://www.ncbi.nlm.nih.gov/pubmed/12671941
https://www.ncbi.nlm.nih.gov/pubmed/19965851
https://www.ncbi.nlm.nih.gov/pubmed/19965851
https://www.ncbi.nlm.nih.gov/pubmed/22237833
https://www.ncbi.nlm.nih.gov/pubmed/25986155
https://www.ncbi.nlm.nih.gov/pubmed/27391486
https://www.ncbi.nlm.nih.gov/pubmed/27391486
https://www.ncbi.nlm.nih.gov/pubmed/24506292
https://www.ncbi.nlm.nih.gov/pubmed/24506292
https://www.ncbi.nlm.nih.gov/pubmed/35001897
https://www.ncbi.nlm.nih.gov/pubmed/35001897
https://www.ncbi.nlm.nih.gov/pubmed/33553493
https://www.ncbi.nlm.nih.gov/pubmed/944393
https://www.ncbi.nlm.nih.gov/pubmed/944393
https://www.ncbi.nlm.nih.gov/pubmed/26948282
https://www.ncbi.nlm.nih.gov/pubmed/32714075
https://www.ncbi.nlm.nih.gov/pubmed/32201043
https://www.ncbi.nlm.nih.gov/pubmed/32201043
https://www.ncbi.nlm.nih.gov/pubmed/27599898
https://www.ncbi.nlm.nih.gov/pubmed/27599898
https://www.ncbi.nlm.nih.gov/pubmed/33232556
https://www.ncbi.nlm.nih.gov/pubmed/33232556
https://www.ncbi.nlm.nih.gov/pubmed/34782640
https://www.ncbi.nlm.nih.gov/pubmed/34782640
https://www.ncbi.nlm.nih.gov/pubmed/30021791
https://www.ncbi.nlm.nih.gov/pubmed/30021791
https://www.ncbi.nlm.nih.gov/pubmed/26474317
https://www.ncbi.nlm.nih.gov/pubmed/33795693
https://www.ncbi.nlm.nih.gov/pubmed/33795693
https://www.ncbi.nlm.nih.gov/pubmed/30735573
https://www.ncbi.nlm.nih.gov/pubmed/23263597
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3902

