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Abstract.

Background: The prodromal phase of Parkinson’s disease (PD) can last up to 20 years and is characterized by a variety of
non-motor symptoms.

Objective: To determine the prevalence of a selection of non-motor symptoms known to be associated with an increased risk
of developing PD in a late middle-aged population-based sample and to determine their association with motor function.
Methods: At a mean age of 60.3 years, 775 subjects were recruited from the Longitudinal Aging Study Amsterdam (LASA).
Hyposmia, cognitive impairment, patient-reported constipation, possible REM-sleep behavior disorder, depression, and anx-
iety were indexed as known PD risk factors. Additionally, 1) the PD screening questionnaire, 2) four physical performance
tests, and 3) a functional limitations questionnaire, were used to determine whether the presence of two or more PD risk
factors was associated with reduced motor function.

Results: The prevalence of single risk factors ranged between 3 and 13%. Approximately 11% of subjects had two or more
PD risk factors. Motor functioning of subjects with two or more PD risk factors was significantly worse than performance of
subjects without or with a single risk factor (all p values <0.001).

Conclusion: Approximately 11% of the late middle-aged population has two or more known PD risk factors. Among these
subjects self-perceived PD symptoms and reduced physical performance are more prevalent, suggesting that at least some of
these subjects may be in the prodromal phase of PD.
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Parkinson’s disease (PD) is one of the most com-
mon neurodegenerative disorders, affecting millions

damume.nl. of individuals worldwide [1]. The prodromal phase of
1ORCID: 0000-0001-7961-1768. the disease is characterized by a range of non-motor
2ORCID: 0000-0003-4160-5746. symptoms that can predate the onset of the classical
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motor symptoms for many years. These symptoms
include constipation, hyposmia, possible REM-sleep
behavior disorder (RBD), depression, anxiety disor-
der, and cognitive impairment [2]. Constipation is
among the first prodromal signs, occurring up to 20
years prior to the first motor symptoms [3]. RBD,
olfactory dysfunction and depression may also pre-
cede a diagnosis of (motor) PD by as long as 10 years
[4-6].

Lewy bodies and Lewy neurites are considered
as the neuropathological hallmarks of the disease.
They spread throughout the brain following a pre-
determined pattern. The earliest pathological changes
occur in the nuclei of the glossopharyngeal, vagal and
olfactory nerves [7] and are assumed to be causative
for various non-motor symptoms.

The presence of a prodromal phase with a still
limited involvement of brain areas theoretically
provides the opportunity for early neuroprotective
treatment aimed at preventing further spreading of
disease-specific pathology and subsequent neuronal
death. Various ongoing studies are currently examin-
ing disease-modifying treatments [8]. However, the
symptoms associated with prodromal PD are not spe-
cific to PD and can also be caused by other diseases. It
is therefore unlikely that prodromal PD can be diag-
nosed based on one single prodromal marker. Instead,
the coincidence of multiple markers (risk factors) in
a single individual may be a more reliable indicator
of prodromal PD.

Earlier population-based studies examined vari-
ous prodromal symptoms in relation to PD. The
Honolulu-Asia Aging Study (HAAS) examined
olfaction, constipation, executive functioning, and
excessive daytime sleepiness in elderly subjects
(mean age 79.7 years) [9], and revealed that persons
with two or more risk factors had a 10-fold increase in
the risk of developing PD. The Prospective evaluation
of Risk factors for Idiopathic Parkinson’s Syndrome
(PRISP) study, including participants with a mean
age of 59 years, found that the combination of pre-
screening for age, a positive family history and/or
hyposmia and secondary screening for enlarged sub-
stantia nigra hyperechogenicitiy predicted PD [10].
In the Parkinson At-Risk Syndrome (PARS) study the
number of other non-motor symptoms (anxiety, RBD
and constipation) was higher in hyposmic subjects
than in normosmic subjects, who were approximately
64 years old [11].

In this study we examined the widest range of non-
motor PD risk factors to date in a single population.
In the Longitudinal Aging Study Amsterdam (LASA)

[12], a large population-based study of late middle
aged subjects, we assessed the prevalence of consti-
pation, hyposmia, possible RBD, depression, anxiety
and cognitive impairment. In addition, we analyzed
the association between the presence of two or more
of these risk factors in a single individual with three
indices of motor function.

METHODS
Subjects

Data were collected as part of the ongoing,
prospective Dutch Longitudinal Aging Study Ams-
terdam (LASA) cohort [12]. The main goal of
LASA is to determine predictors and consequences
of changes in functioning with aging. The study
aims are described elsewhere in more detail [12].
The third cohort of subjects aged 55-64 was
recruited from population registries and included
1,023 subjects who were interviewed and tested in
their homes in 2012 and 2013. The data collection
consisted of three elements: 1) the main interview, 2)
self-administered questionnaires, and 3) a medical
interview (http://www.lasa-vu.nl) [12]. The data was
collected by trained interviewers and the interviews
were audio-recorded for quality checks. Data on
chronic diseases were self-reported and medication
use in the last two weeks was collected. The LASA
study protocol was conducted in line with the
Declaration of Helsinki and approved by the medical
ethics committee of the VU University Medical
Center. For the study, subjects with a known formal
diagnosis of PD or subjects who used dopamine
replacement therapy at a dosage normally used in
PD (n=2) were excluded. In addition, we excluded
individuals of whom not all information on each risk
factor was available. The final study sample included
775 subjects.

Risk factors

We analyzed the prevalence of six non-motor pro-
dromal symptoms of PD systematically documented
in the LASA study, namely: hyposmia, cognitive
impairment, possible RBD, constipation, depression,
and anxiety. Previous research established that these
prodromal symptoms are PD risk factors.

Olfactory function was assessed using the Dutch
version of the University of Pennsylvania Smell
Identification Test (UPSIT) [13]. The UPSIT is a
self-administered forced-choice odor identification
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test, consisting of 40 different micro-encapsulated
odors. Subjects are instructed to scratch a patch with
micro pellets, smell the odor that is released, and
choose the best alternative from four response alter-
natives. The total score was calculated by adding up
the correct answers. The average of non-missing val-
ues was used to impute up to two missing values.
Since there are no validated cut-off scores available
for the Dutch population, an abnormal score was
defined as a score lower than two standard devia-
tions from the mean UPSIT score of the total group
(mean score 31.88 points, SD 4.73). Global cogni-
tive functioning was assessed using the Mini-Mental
State Examination (MMSE) [14]. A score of 24 (out
of 30) points or lower was defined as indicative of
cognitive impairment [15].

The other prodromal symptoms, i.e., constipation,
possible RBD and signs of depression and anxiety,
were assessed using questionnaires administered to
each subject. The single-question screen for RBD
[16] was used to screen for the presence of possible
RBD. Frequency of bowel movements was used to
establish the presence of constipation. Passing stool
less than once a day was labeled as a risk factor based
upon the results of previous research [3].

The Center for Epidemiologic Studies Depres-
sion Scale (CES-D) [17] and the Hospital Anxiety
and Depression Scale — subscale Anxiety (HADS-A)
[18] were used to screen for depression and anxiety,
respectively. The CES-D consists of 20 items, with
a total score between 0 and 60 [17]. A score of 16
points or higher marks a clinically relevant depres-
sion [19], and was used in this cohort as a PD risk
factor. The HADS-A consists of 7 items, with a total
score between 0 and 21. A higher score corresponds
with more anxiety. Presence of anxiety was defined
as a score of 8 points and higher [20].

Motor function

Motor function was assessed using three indices
ranging from the presence of subjective motor symp-
toms to the level of the activities of daily living.

Firstly, a Dutch translation of a screening question-
naire designed by Tanner [21] and validated by Duarte
[22], was used to screen for motor symptoms poten-
tially indicative of parkinsonism. The questionnaire
consists of nine questions focusing on the charac-
teristic motor symptoms of PD. As defined in earlier
studies, a score of three or more points was considered
indicative of the presence of parkinsonism.

Secondly, physical performance was assessed
using four tasks. The first task involved walking as
quickly as possible for 3 meters, turning around and
walking back 3 meters. The total time needed to
perform this test was recorded in seconds and cat-
egorized as: 0) unable to perform task, and quartiles:
1) >10s,2) 8-95s,3) 6-7 s, and 4) <6 5. In the second
task, subjects were asked to stand up from a chair
with folded arms and sit down again for five times.
The total time to perform these five repetitions was
recorded in seconds and categorized as: 0) unable to
perform task, and the quartiles: 1) > 155 2) 12-14s,
3) 10-11s, and 4) <9s. In the third task, subjects
were asked to put on and take off a cardigan. The
time to perform this task was recorded in seconds and
categorized as: 0) unable to perform, and the quar-
tiles: 1) > 165, 2) 12-15s, 3) 9-11s, and 4) <8s.
Lastly, subjects were asked to stand in tandem posi-
tion for 30 s. The time to perform this task was also
recorded in seconds and categorized as: 0) unable to
perform, 2) performed it for 3-9s,0r4) 10 s or longer.
The sum score of the four tests was calculated and
ranged between 0 and 16 points, a higher score cor-
responding to better overall physical performance. In
addition to the four quantitative measures of physical
performance, walking patterns were observed by the
interviewers, and classified as normal or abnormal
based upon the occurrence of for example starting
problems, walking with short steps or an irregular,
unstable turn.

Thirdly, functional limitations in the activities of
daily living were assessed using a 7-item ques-
tionnaire. The rationale behind this questionnaire is
described elsewhere [23]. Items assessed were climb-
ing stairs, (un)dressing, getting up and sitting down
in a chair, cutting one’s own toenails, walking 5 min-
utes outdoors without resting, using own or public
transportation, and taking a bath or shower. Scores on
these seven items were summed to a total score that
ranged from O (does not have any difficulties with the
activities) to 7 (has difficulties with all activities).

Statistical analysis

For each of the risk factors associated with PD, the
prevalence in our sample was calculated. In addition,
we determined the prevalence of combinations of 2,
3, and 4 risk factors. As in previous research, when
subjects had two or more risk factors for PD, they
were defined as high risk subjects [9]. The three mea-
sures for motor functioning were compared between
the group with two or more risk factors for PD on
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Table 1
Characteristics of subjects
Total group 0/1 risk factor >2 risk factors Sign. (p)
(n=1775) (n=0688) (n=87)

Age in years — Mean (SD) 60.3 (2.9) 60.4 (2.9) 60.2 (3.0)
Male % (n) 48.6 (377) 49.6 (341) 41.4 (36)
Diabetes mellitus % (n) 7.4 (51) 10.3 (9) 0.391
Stroke % (n) 2.0 (14) 4.6 4) 0.247
Osteoarthritis % (n) 39.1 (269) 50.6 (44) 0.048*
Rheumatoid arthritis % (n) 8.6 (59) 10.3 (9) 0.687
Heart disease % (n) 10.0 (69) 11.5 (10) 0.706
*Statistical significant result.

Table 2

Prevalence of six risk factors for PD

Putative risk factor All cases 0/1 risk factor ~ >2 risk factors
(n=1775) (n=688) (n=87)
Olfactory dysfunction % (n) 3.9 (30) 2.2 (15) 17.2 (15)
REM sleep behavior disorder % (n) 13.3 (103) 9.7 (67) 41.4 (36)
Constipation % (n) 9.7 (75) 7.3 (50) 28.7 (25)
Cognitive impairment (MMSE < 24 points) % (n) 2.8 (22) 1.2 (8) 16.1 (14)
Depression (CES-D > 16 points) % (n) 12.0 (93) 4.5 (31) 71.3 (62)
Anxiety (HADS-A > 8 points) % (n) 8.8 (68) 1.9 (13) 63.2 (55)

REM, rapid eye movement; MMSE, Mini-Mental State Examination; CES-D, Center for Epidemiologic
Studies Depression Scale; HADS-A, Hospital Anxiety and Depression Scale — subscale Anxiety.

the one hand and the group with one or zero, using
either an independent #-test or a Mann-Whitney test,
depending on the data distribution. The data were ana-
lyzed with SPSS version 26.0 (SPSS Inc., Chicago,
IL, USA). In all analyses, the significance level was
set at 0.05.

RESULTS
Prevalence of PD risk factors

The final sample of 775 subjects consisted of
48.6% men, with a mean age of 60.3 years (SD 2.9
years) (Table 1). Osteoarthritis was the most com-
mon reported chronic disorder among the subjects
(Table 1). The prevalence of the six individual risk
factors ranged from 2.8% for cognitive dysfunction to
13.3% for possible RBD (Table 2). Most subjects had
no (64.3%) or only one risk factor (24.5%), whereas
11.2% had two or more risk factors. There were no
subjects with 5 or 6 risk factors (Table 3). The group
with no or only one risk factor had a mean age of 60.4
years (SD 2.9) and consisted of 49.6% males, com-
pared to mean age of 60.2 years (SD 3.0) and 41.4%
males in the group with two or more risk factors
(Table 1).

The combination of depression and anxiety was
the most common (49 times; 6.3%), followed by the

Table 3
The prevalence of the number of risk factors for PD
Number of Total group Male Female
risk factors (% (n)) (% (n)) (% (n))
0 64.3 (498) 69.2 (261) 59.5(237)
1 24.5 (190) 21.2 (80) 27.6 (110)
2 7.4 (57) 5.8(22) 8.8 (35)
3 3.2(25) 3.4(13) 3.0(12)
4 0.6 (5) 0.3 (1) 1.0 (4)

combination of possible RBD and depression (20
times; 2.6%). The least common combination was
hyposmia and anxiety (two times; 0.3%).

Motor functioning in individuals with two or
more risk factors

Subjects with two or more risk factors reported
significantly more symptoms on the PD screening
questionnaire compared to the group with no or only
one risk factor (p <0.001; Table 4). In addition, sub-
jects with two or more risk factors for PD had a
significantly lower physical performance score than
the group with zero or one risk factor (p=0.001;
Table 4). Walking abnormalities were recorded in
6.1% of the subjects with zero or one risk factor,
compared to 17.2% in the group with two or more
risk factors for PD. Lastly, subjects with two or more
risk factors reported significantly more functional
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Table 4
Mean score on functional limitations questionnaire, physical performance tests, and PD screening questionnaire stratified by number of risk
factors

Total group (n=775)

0/1 risk factor > 2 risk factors Sign. (p)
(n=688) (n=87)
Functional limitations questionnaire (0-7 points) (n=775) # 0.56 points (SD 1.22) 1.43 points (SD 2.20) <0.001*
Physical performance tests (0—16 points) (n=767) b 12.69 points (SD 2.18) 11.68 points (SD 2.71) 0.001*
PD screening questionnaire (0-9 points) (n=774) * 0.38 points (SD 0.85) 0.89 points (SD 1.39) <0.001*

2Mann-Whitney test; Pindependent #-test; *statistical significant result.

limitations compared to the group with no or only
one risk factor (mean 0.56 points versus 1.43 points,
p<0.001; Table 4). When excluding subjects (n=34)
who were unable to perform one or more of the physi-
cal performance tasks mostly due to osteoarthritis, the
results remained the same (Supplementary Table 1).

DISCUSSION

In the present cross-sectional study of community-
dwelling late middle-aged adults, we observed a
prevalence ranging between 3 and 12% for six
known risk factors for developing PD, i.e., hypo-
smia (UPSIT), possible RBD (single-item ques-
tionnaire), patient-reported constipation, depression
(CES-D), anxiety (HADS-A), and cognitive impair-
ment (MMSE). More than 11% of subjects had two
or more risk factors for developing PD. Interestingly,
these subjects reported significantly more motor
symptoms indicative of parkinsonism and functional
limitations in daily life, and additionally had poorer
physical performance than those with a single or no
risk factors.

The UPSIT is one of the best-validated olfac-
tory tests to screen for olfactory dysfunction [13].
However, at present, no validated cut-off scores are
available for the Dutch population. Therefore, we
defined normosmia as an UPSIT score within 2 stan-
dard deviations from the mean. Using this criterion,
the prevalence of hyposmia in our population was
close to 4%, which is comparable to the prevalence
found in previous studies [24].

In this cohort, 13% of subjects screened positive
on the RBD single-item questionnaire [16], sug-
gesting possible RBD. Although this percentage is
comparable to two previous studies using the same
questionnaire in a general adult population [25, 26],
a population-based study also using the single-item
questionnaire found a lower prevalence of 3.2% [27].
In the latter study patients with apnea or non-REM
parasomnia were excluded, which may at least partly

explain the discrepancy. In a Spanish study, the preva-
lence of possible RBD was 5.2% when based upon
the single-item questionnaire, whereas using video-
polysomnography the prevalence of RBD was only
0.74% [28]. Although clearly a definite diagnosis of
RBD requires video-polysomnography, this proce-
dure is not feasible as a screening tool in the general
population.

Almost 10% of subjects in our cohort had consti-
pation defined as passing stool less than once a day,
which is comparable to observations in previous stud-
ies [29]. Constipation is associated with an increased
risk of developing PD [3]. In a retrospective anal-
ysis in a primary care population, patients with PD
more often reported constipation in the years prior
to diagnosis compared to patients without PD [30].
In the same study, constipation appeared to be the
most common autonomic symptom in the two years
prior to diagnosis. According to the results of two
other studies focusing on constipation as a prodro-
mal symptom of PD, the prodromal phase of PD may
be as long as 12 or even 20 years [31, 32].

Almost 3% of subjects in this cohort had an MMSE
score indicative of dementia, in spite of the fact that
these subjects did not report a diagnosis of demen-
tia or the presence of cognitive impairment. In the
general population the prevalence of mild cognitive
impairment is 10-20% [33] and the prevalence of
dementia 0.8% [34]. In the Rotterdam study cog-
nitive impairment, assessed using a combination of
neuropsychological tests, was associated with an
increased risk of developing PD over a mean period
of 8 years [35]. Similarly, in another community-
based study, the Honolulu-Asia Aging Study, using
the cognitive abilities screening instrument (CASI),
cognitive decline was found to precede PD [9].

The most extensively studied neuropsychiatric
prodromal symptoms of PD are depression and anx-
iety. In the general population aged over 55 years of
age, around 14% suffers from depression [36]. In line
with this observation, 12% of subjects in the present
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cohort had signs of a clinically relevant depression. In
a recent meta-analysis with a mean follow-up period
of 10 years, a diagnosis of depression at baseline was
associated with an increased the risk of later devel-
oping PD (RR 2.2, CI 1.87-2.58) [5].

In our study sample, almost 9% of subjects had
signs of an anxiety disorder, corresponding to the
prevalence reported by Fung et al. [37]. Like depres-
sion, an anxiety disorder is also associated with the
risk of developing PD [30]. Shiba et al reported an
odds ratio of 2.2 for developing PD in individuals suf-
fering from an anxiety disorder, of 1.9 for depression
and even higher for the combination of both (odds
ratio 2.4) [38].

Taking into consideration that the non-motor
symptoms associated with prodromal PD are not spe-
cific to PD, it is unlikely that prodromal PD can
be diagnosed based upon the presence of a single
risk factor. Therefore, we were most interested in the
coincidence of multiple risk factors in a single indi-
vidual as a potential indicator of prodromal PD. In
our present study more than 11% of subjects had two
or more non-motor risk factors for PD. In a recent
Japanese study almost 6% of subjects aged above
50 had two or more prodromal symptoms associated
with PD [39].

In the present study, having two or more risk factors
for PD was associated with more subjective motor
symptoms, a lower level of physical performance,
and more functional limitations in the activities of
daily life. Since subtle changes in motor functioning
can precede the development of full-blown parkin-
sonism [30], our results suggest that at least some
subjects with two or more PD risk factors are in the
prodromal phase of PD and may go on to later develop
the classical motor signs of the disease. To confirm
this hypothesis, longitudinal follow-up of our study
sample is necessary.

The strengths of this study include the large num-
ber of subjects representative for the late middle-aged
population, and the use of reliable and well-validated
tests and screening questionnaires. Furthermore, the
interviewers were well trained and all interviews were
audio-recorded for quality checks. A weakness may
be that a formal neurological examination could not
be performed, which might have led to an underesti-
mation of the number of cases of (as yet undiagnosed)
PD. This was a consequence of the choice to use home
visits, which on the other hand probably increased the
participation rate. Furthermore, not all known risk
factors were evaluated, and RBD, depression or anx-
iety disorder could not be formally diagnosed in our

cohort, as only screening tools were used. Lastly, not
including a full neurological examination as part of
the follow-up visits may have led to an underestimate
of the prevalence of subtle motor signs. However,
large cohort studies have demonstrated a high odds
ratio for the association between ADL disability and
PD [40]. This supports the use of a functional lim-
itations questionnaire as a motor outcome measure
when full neurological exams are not regularly possi-
ble, such as in the LASA study. Additional, objective
assessment of motor functioning can be derived from
brief physical performance tests, such as those used
in our study.

Conclusion

In conclusion, in a large sample of community
dwelling late middle-aged adults more than 11% of
individuals have two or more established risk factors
for developing PD, including hyposmia, constipation,
possible RBD, depression, anxiety disorder, and/or
cognitive impairment. The higher score on a screen-
ing questionnaire for PD-related motor symptoms,
the lower level of physical performance, and the
increase in functional limitations in individuals with
two or more risk factors for PD suggests that at least
some of these subjects may go on to develop PD
in the upcoming years. Longitudinal follow-up data
are necessary to substantiate this assumption and to
determine the best-predictive combination of PD risk
factors in the late middle-aged population.
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